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ERROR PROOFING SYSTEM FOR 
PORTABLE TOOLS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This is a reissue of US. Pat. No. 6,845,279 issued Jan. 
18, 2005. A further reissue divisional application has been 
filed, namely application Ser. No. 11/650,408 issued Jan. 18, 
2005 and which claims the benefit under 35 U.S.C. §12O of 
the present reissue application (applicant Ser No. 11/50], 
878). 

FIELD OF THE INVENTION 

The present invention relates to a system created to add 
assembly line error proo?ng and anti-theft features to exist 
ing portable tools. This invention greatly enhances the capa 
bilities of a wide variety of tool types, but, for purposes of 
simplicity, the tool type exempli?ed in the body of this docu 
ment shall be, by way of example, those used for installing 
threaded fasteners in assembling workpieces together. 

BACKGROUND OF THE INVENTION 

Many assembly lines require some way to determine that 
the tools being used to perform assembly or operations 
requiring various parameters including predetermined mag 
nitudes of torque, force, pressure, etc. at a particular work 
cell and are the correct make and model that have been prop 
erly set up, con?gured, calibrated and maintained. They then 
may require further error proo?ng to assure that the opera 
tions have been correctly performed by the technicians with 
the pre-approved tool that is used the proper number of times 
per part being assembled or inspected. They may also 
require, over time, a constant veri?cation that the tools have 
been properly maintained, calibrated, and/or certi?ed per a 
documented procedure or company quality policy. For 
example, a quality policy can place requirements for tool 
maintenance and recalibration to be based on the number of 
times the tool is used (cycle count) and/or by elapsed time 
between maintenance and recalibration. In traditional appli 
cations some such error proo?ng has been done by non 
portable tools which are directly connected by hard wired 
cables or hoses with hard wired cables to a work cell control 
ler whereby they can derive electric, pneumatic or hydraulic 
power through these cables or hoses and various ones of 
those parameters noted being monitored via the hard wired 
cables. However, this cannot be done with portable tools 
such as battery operated tools or tools electrically operated 
by a simple cord connection to an electrical outlet. The 
present invention provides a system for controlling and 
monitoring portable tools at a particular work cell by remote 
communication to prevent them from being used it they are 
not con?gured properly, not calibrated properly, not the 
speci?ed tool for this work cell, have an unacceptably high 
amount of use without being calibrated or serviced and have 
some other unacceptable feature being monitored. The 
present invention further provides a means to disable a tool 
such that it cannot be actuated when not in the presence of 
operatively related equipment at the assembly factory 
thereby establishing anti-theft initiatives. 

SUMMARY OF THE INVENTION 

The present invention provides a system to enhance the 
use of tools that today have no way to provide substantial 
forms of error-proo?ng other than manual assurance. 
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2 
Through the addition of some intelligent electronics in the 
tool and a supervisory computer at the work cell, this inven 
tion provides a means for providing error-proo?ng operation 
and anti-theft capabilities. In addition, the present invention 
provides means for providing other capabilities to be 
included in a variety of equipment to facilitate monitoring 
the tools. Making some of the memory inside the tool avail 
able to the end user shall allow the end user to include select 
ed information to be part of the data transferred between the 
portable tool and the work cell controller that the end user 
deems pertinent for whatever additional information 
exchange needed to ful?ll any additional tests, 
quali?cations, or information exchange desired. This system 
and equipment enhances portable battery, electrical cord, 
hydraulic or compressed air powered tools to pro vide the 
requirements for them to be used in an error-proofed assem 
bly line. In this regard, the system and equipment, for 
example, can assure that the correct tool make, model 
number, and con?guration is to be used at a work cell, that 
the tool being used is properly calibrated to a preselected 
target value, that it is being cycled the proper number of 
times per part being assembled, and that the tool has been 
serviced or calibrated within required service intervals. Here 
such portable tools will be monitored and controlled 
remotely by R-F (radio frequency) communication and with 
out the need for hard wire cable connections for such moni 
toring and control. 

It should be understood, and as noted above, that a 
portable, non-battery electric tool can be utilized which is 
powered by an electric power source at the work cell 
whereby only a typical, simple electric cord need to be pro 
vided for electrical connection. Thus such tools would not 
have a hard wire cable connection for communication as 
noted but could be monitored and controlled remotely by 
R-F communication. In addition, a portable tool could be 
monitored by simply having a battery operated, transceiver 
with data for tracking and monitoring by R-F communica 
tion. It should also be understood that pneumatic or hydrau 
lic powered tools powered by hoses can be adapted to pro 
vide monitoring at the work cell by R-F communication and 
without the need for hard wire cable or other type of ?xed 
wire transmission connection for monitoring. This could 
also facilitate maneuverability of the tool by the operator. 

Therefore it is an object of the present invention to pro 
vide an error proo?ng system for utilizing tools at work cells 
with the tools being controlled and monitored remotely 
without the need for hard wire cable connections. 

It is another object of the present invention to provide a 
system for utilizing portable, self-powered tools at work 
cells with the tools being controlled and monitored remotely 
for error proo?ng without the need for hard wire cable con 
nections. 

It is another object of the present invention to provide a 
system for utilizing portable, self-powered battery or manu 
ally actuated tools at work cells with the tools being con 
trolled and monitored remotely by radio frequency (R-F) 
communication for error proo?ng and without the need for 
hard wire cable connections. 

It is another object of the present invention to provide a 
system for utilizing portable, self-powered battery or manu 
ally actuated installation tools at work cells with the installa 
tion tools being remotely monitored and controlled for error 
proo?ng by radio frequency (R-F) communication and with 
out the need for hard wire cable connections. 

It is another object of the present invention to provide a 
system for utilizing portable, self-powered battery, electri 
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cally powered by electric cord, or manually actuated tools at 
Work cells With the tools being remotely monitored and/or 
controlled for error proo?ng by radio frequency (R-F) com 
munication and Without the need for hard Wire cable connec 
tions. 

It is still another object of the present invention to provide 
a system for utilizing pneumatically or hydraulically actu 
ated tools being remotely monitored and/or controlled for 
error proo?ng by R-F communication Without the need for 
hard Wire cable connections. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and speci?c examples, While indicating the preferred 
embodiment of the invention With numerous speci?c 
features, are intended for purposes of illustration only and 
are not intended to limit the scope of the invention nor its 
applicability of various combinations of speci?c features to 
other applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description and the accompanying 
draWings, Wherein: 

FIG. 1 is a block diagram illustrating one form of the 
system of the present invention for error proof monitoring of 
a portable installation tool being used to install threaded 
fasteners including a tool monitor-controller located Within 
the portable installation tool, a Work cell supervisor located 
at a particular Work cell at Which the tool is to be used, a 
preliminary set-up station typically at the facility that subse 
quently installs the monitoring and control electronics on the 
base tool and at Which certain information relating to the tool 
is initially fed into the tool monitor-controller, a calibration 
station at the assembly factory at Which the torque to be 
applied by the tool in setting a fastener at the assembly fac 
tory is set and recorded in the tool monitor-controller, and a 
portable audit device at the assembly factory by Which an 
operator can audit certain information on portable tools 
located at various Work cells and other locations; it also 
shoWs the system in relation to a factory Wide supervisor at 
the assembly factory; 

FIG. 2 is a block diagram shoWing a portion of the system 
in Which the tool monitor-controller is operable With the 
preliminary set up station at the facility that installs the 
monitoring and control electronics and the calibration sta 
tion at the assembly factory; 

FIG. 3 is a block diagram shoWing a portion of the system 
in Which the installation tool is located for operation at a 
Work cell and is operable, remotely by communication With 
the Work cell supervisor and can be selectively remotely, 
monitored by the portable audit device When it is out of the 
range of the Work cell supervisor and at the same time the 
Work cell supervisor can be selectively monitored by the 
portable audit device; 

FIG. 4 is a block diagram of various components of the 
tool monitor-controller and as operable With the preliminary 
set up station; 

FIG. 5 is a block diagram of a component of the prelimi 
nary setup station as operable With a component of the tool 
monitor-controller; 

FIG. 6 is a block diagram of components of the calibration 
station and as operable With the tool monitor-controller; 

FIG. 7 is a block diagram of components of the Work cell 
supervisor as operable With the tool monitor-controller in the 
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4 
Work cell in Which it is located; an also shoWs it communi 
cable With the factory Wide supervisor and a Work cell trans 
fer line; 

FIG. 8 is a general pictorial diagram depicting a speci?c 
form of a portable, self-poWered fastening tool With a tool 
monitor-controller at a Work cell the operation of Which is 
being monitored by a Work cell supervisor; 

FIG. 9 is a general block diagram shoWing the Working 
relationship betWeen the tool monitor-controller and various 
elements of the tool to permit monitoring of the installation 
tool and its fastening operations; 

FIG. 10 is a general pictorial and block diagram shoWing a 
relationship betWeen the Work cell supervisor and a portable 
too; and 

FIG. 11 is a schematic diagram of the circuitry of the tool 
monitor-controller for a fastening tool for monitoring by a 
related system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The folloWing description of the preferred embodiment(s) 
is merely exemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. 

The system has a number of different interacting compo 
nents. These are generally shoWn in block diagram form in 
FIGS. 1*7. 

Looking noW to FIG. 1, the portable self-poWered instal 
lation tool 10 is provided With a tool monitor-controller 12, 
Which, as Will be seen, provides the necessary information 
for monitoring the tool 10 for the desired error-proo?ng 
operation. In this regard FIG. 1, generally shoWs the inter 
connection betWeen the installation tool 10 and various com 
ponents of the system Which include a Work cell supervisor 
(WCS) 16 at a particular Work cell 14, a preliminary set up 
station 18, a calibration station 20 and a portable audit 
device 22 (PAD). In one form of the system, the Work cell 
supervisor 16 and portable audit device 22 can be connected 
to a factory Wide supervisor 23 for purposes to be seen. 
The installation tool 10 can be set to be used at a particular 

Work cell 14 to install fasteners to secure Workpieces 
together. The operation of the tool 10 is remotely monitored 
and controlled at the Work cell 14 by the Work cell supervi 
sor 16 in a manner to be seen. In this regard, as seen in FIG. 
1, the remote communication betWeen the tool monitor 
controller 12 and Work cell supervisor 16 is by radio fre 
quency (R-F). 

HoWever, prior to locating the tool 10 in the Work cell 14 
at the assembly factory, it is ?rst located at a preliminary set 
up station 18. See FIGS. 2 and 5 Here, as Will be seen, basic 
information about the tool 10 Will be placed into the tool 
monitor-controller 12 by a set up PC 34 at the preliminary 
set up station 18 Which is typically done at the location 
Where the electronics are added to the base tool after 
completion of its manufacture. This could be at the facility 
Which manufactured the base tool or at some other facility. It 
should be understood that the designation PC refers to a 
“personal computer” and/or a “portable computer”. As Will 
be seen certain of the information initially put into the tool 
monitor-controller 12 by the preliminary set up station 18 
Will not be permitted to be changed by the end user at the 
assembly factory but certain other information Will be per 
mitted to be modi?ed, updated or initially placed therein. 

Next, at the assembly factory site of the end user the por 
table installation tool 10 must be calibrated to provide the 
desired magnitude of torque for its use to install fasteners at 
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a particular Work cell 14. In this regard, as Will be seen, the 
tool 10 typically Will have the capability to provide torque 
over a signi?cant range of magnitudes for the same or differ 
ent applications at Work cells 14. In this regard, by Way of 
example, the portable installation tool 10 can be a torque 
type tool for installing threaded fasteners and of a type such 
as a nut runner for securing a nut to a bolt at a particular 
torque or a screW driver for installing a threaded bolt or 
screW at a particular torque. 

At the calibration station 20 the torque magnitude of the 
tool 10 Will be set by a technician to the desired level for a 
particular operation at a particular Work cell 14. The adjust 
ment of the tool 10 by the service technician Will be moni 
tored and measured by the calibration station 20. See FIGS. 
2 and 6. Once the proper magnitude has been set and 
veri?ed, the calibration station 20 Will then transmit that 
calibration information via an R-F link to a tool memory 30 
in the tool monitor-controller 12 in the installation tool 10 
for later monitoring by the Work cell supervisor 16. As Will 
be seen, in one form of the invention the tool memory 30 is a 
?ash memory Which is a part of a tool transceiver to be 
described. See FIG. 6. Here, the calibration station 20 Will be 
routinely at a location remote from the Work cell 14. The 
calibration station 20 preferably Will use commercially 
available calibration devices that are certi?ed to the appro 
priate national or international standards requirements (i.e. 
National Bureau of Standards). 

The present system also provides a portable audit device 
(PAD) 22 Which can be carried by a roving quality inspector 
or tool repair technician and used to audit various informa 
tion in the tool monitor-controller 12. See FIGS. 1 and 3. 
This can be done at the Work cell 14 Without interruption to 
normal assembly operations by the PAD 22 communicating 
via a hard line directly to the Work cell supervisor 16 Without 
disrupting the R-F based communications betWeen the tool 
10 and the Work cell supervisor 16. It is possible for the PAD 
22 to communicate directly to the tool monitor-controller 12 
of the tool 10 via an R-F link Where the PAD 22 is built from 
a device that can support the R-F link directly, and an R-F 
linkage is not operational at that time betWeen the Work cell 
supervisor 16 and the tool monitor-controller 12. In this 
regard, the tool monitor-controller 12 Will not permit R-F 
communication With the PAD 22 if the tool monitor 
controller 12 is in R-F communication With the Work cell 
supervisor 16. The PAD 22 can be manufactured from a 
number of portable computing devices similar to ones such 
as a laptop computer, personal digital assistant, or a custom 
embedded controller based system specially designed by one 
skilled in the art. It should be understood, that the PAD 22 is 
not critical to the overall system but in one form of the 
invention can be provided at the assembly factory for 
separate, selective auditing. 

Looking noW to FIG. 8, a typical portable, self-poWered 
tool 10 is generally shoWn at a Work cell 14 in preparation 
for fastening together a pair of Workpieces 24 and 26. In 
order to be sure that the tool 10 is the correct one for prop 
erly installing the particular type of fasteners, it is provided 
With numerous items of data accessible by the Work cell 
supervisor 16 located at that Work cell 14. 

In this regard the tool monitor-controller 12 in the tool 10 
is provided With signi?cant information and data Which is 
stored and includes the information critical to being actuated 
for operation at the Work cell 14. This information is made 
available for monitoring by the Work cell supervisor 16. 
Thus in one form of the invention the tool monitor-controller 
12 can be provided With a tool memory 30 in Which the 
information and data, items 1*24, (listed beloW) are stored. 
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6 
This list in no Way limits the capabilities nor intent of this 
invention and is intended to be only an exemplary list of 
parameters that can be selectively revised or updated and 
further enhanced With softWare component modi?cations. 

It should be understood, that most or all of the items 1*24 
may be initially programmed into the tool memory 30 by the 
preliminary set up station 18 at the facility Where the elec 
tronics is installed. Each item Will have its oWn identi?able 
memory location. HoWever, the end user can be provided 
With similar apparatus With a limited set up and revision 
softWare. In one form, this type of softWare Would be located 
at the calibration station 20 and alloW the service technician 
access to certain parameters using a special passWord access 
and to other parameters not requiring a special passWord. 
The folloWing is an exemplary list of parameters: 
The folloWing is an exemplary list of parameters: 
1. Tool TypeiThis is typically de?ned as a coded type 

plus manufacturer code. Tool Type could be one for 
Fastening, various Dimensional checking, Pressure 
checking, Force measurement and the like. A speci?c 
example of this code Would be FB for Fastening, Bosch, a 
tool made by Bosch Tool Corporation, for fastening threaded 
fasteners. This is set by the preliminary set up station 18 at 
the facility Where the electronics are installed and is not ?eld 
changeable. 

2. Tool Model NumberiThis is entered to re?ect the tool 
manufacturer’s model number in the format routinely dis 
played on the outer markings of the tool. This is set by the 
preliminary set up station 18 Where the electronics are ini 
tially installed or can be changed in the ?eld by selected, 
certi?ed technicians using password protected features of 
the calibration station 20 When a change has been made to 
the mechanics of the tool that alter its applicability to a par 
ticular Work cell or alter the fundamental operation of a tool 
(neW gear ratio, addition of special end effectors, etc.) 

3. Tool Serial NumberiThis is entered to re?ect the tool 
manufacturer’s serial number routinely displayed in the for 
mat seen on the outer markings of the tool. This is set by the 
preliminary set up station 18 at the facility Where the elec 
tronics are installed and is not ?eld or end user changeable. 

4. Tool Build DateiThis is the date that the electronics 
With R-F link enhancements for providing error proo?ng 
Were installed in the base tool but is not the date the base tool 
Was manufactured. This is set by the preliminary set up sta 
tion 18 Where the electronics is initially installed and is not 
?eld changeable. 

5. PCB Serial Number (printed circuit board)i This is 
the serial number of the printed circuit board used to build 
the tool monitor-controller 12. This is set by the preliminary 
set up station 18 at the facility Where the electronics is ini 
tially installed or can be changed in the ?eld by selected, 
certi?ed technicians using the passWord protected features 
of the calibration station 20 When the module With a tool 
monitor-controller 12 is replaced. 

6. PCB Revision (printed circuit board)i This is the revi 
sion date of the printed circuit board used to build the tool 
monitor-controller 12. This is set by the preliminary set up 
station 18 at the facility Where the electronics Was installed 
or can be changed in the ?eld at the assembly factory by 
selected certi?ed technicians using the passWord protected 
features of the calibration station 20 When a tool monitor 
controller 12 is replaced. 

7. Tool Monitor-Controller SoftWare RevisioniThis 
re?ects the revision of the softWare programmed into the 
memory 30 of the tool monitor-controller 12. This can be set 
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by the preliminary set up station 18 at the facility Where the 
electronics Was installed or changed in the ?eld by selected, 
certi?ed technicians using the password protected features 
of the calibration station 20 When the softWare in the tool 
monitor-controller 12 is reprogrammed or replaced. 

8. Total Tool Cycle CountiAs a tool 10 is used and 
executes “good” cycles the tool monitor-controller 12 
reports good cycle information to the Work cell supervisor 
16. For a torque tool, a “good” cycle is When the desired 
magnitude of installation torque is attained in setting a fas 
tener. Because in some forms of the invention the amount of 
programming space is highly limited in the tool monitor 
controller 12 and in the memory 30, the softWare to keep 
track of the number of cycles a tool 10 has been run is 
executed in the Work cell supervisor 16. Because, in some 
instances, it is the nature of the tool memory 30 to be limited 
in the number of times it can be successfully Written into, in 
one case, the total tool cycle count is incremented only after 
100 good cycles have been run. After 100 good cycles have 
been performed, the Work cell supervisor 16 Writes a neW 
(incremented by 100) total cycle count into the memory 30 
on the tool monitor-controller 12. This count is set at Zero by 
the preliminary set up station 18 at the facility Where the 
electronics is initially installed and automatically incre 
mented after each 100 cycles through the normal operation 
and interaction of the tool monitor-controller 12 and the 
Work cell supervisor 16. This 100 cycle count cannot be reset 
at the customer site and can only be changed at the facility 
Where the electronics Was installed. 

9. Cycle Count At Last Service IntervaliThis is set ini 
tially at Zero by the preliminary set up station 18 When the 
electronics is initially installed and is automatically reset 
using the calibration station 20 When a tool is serviced and 
recalibrated by certi?ed technicians. When a tool is serviced, 
the calibration station 20 Will read the total tool cycle count 
and copy its present value into the cycle count at last service 
interval automatically. It Will also revise the 15. Date of Last 
Calibration to “today’s” date. 

10. Service Interval CyclesiThis sets the maximum 
number of cycles alloWed to be run on a tool betWeen service 
intervals. This is initially set at an appropriate number, i.e. 
for example 100,000 cycles, by the preliminary set up station 
18. This can then be reset by the calibration station 20. A tool 
is shut doWn by the Work cell supervisor 16 if the total tool 
cycle count is greater than or equal to the tool’s cycle count 
at last service interval plus the pre-set service interval cycles. 
In one form of the invention, an alarm output Will be gener 
ated by the Work cell supervisor 16 if the total tool cycle 
count is greater than or equal to the tool’s cycle count at last 
service interval plus 80% of the pre-set service interval 
cycles. This creates an alarm at 80% of the service interval to 
assure plenty of time to re-certify the tool or provide a 
replacement tool to avoid or minimize assembly line doWn 
time. The facility Where the electronics is installed Will place 
this default value into the parameter via the preliminary set 
up station 18, but the service technician can change it at any 
time through the calibration station softWare 40 at the cali 
bration station 20. 

11. Date Of Last ServiceiThis is automatically entered 
by the calibration station 20 When a tool is re-calibrated after 
servicing. It Will also revise 9. Cycle Count at Last Service, 
13. Cycle Count At Last Calibration, and 15. Date of Last 
Calibration. 

12. Service Interval DaysiThis sets the maximum num 
ber of calendar days a tool is alloWed to be run betWeen 
servicing and is originally set at the preliminary set up sta 
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8 
tion 18 at an appropriate number, for example 100 days. A 
tool is shut doWn by the Work cell supervisor 16 if the 
present date is greater than or equal to the tool’s date of last 
service plus the pre-set service interval days. In one form of 
the invention an alarm output Will be generated by the Work 
cell supervisor 16 if the present date is greater than or equal 
to the tool’s date of last service plus 80% of the pre-set 
service interval days. This creates an alarm at 80% of the 
pre-set service interval days to assure plenty of time to 
re-cer‘tify the tool or provide a replacement tool to avoid or 
minimiZe assembly line doWn time. The preliminary set up 
station 18 Will initially place this default value into this 
parameter, but the service technician can change this default 
number at any time through the calibration station softWare 
40. 

13. Cycle Count At Last CalibrationiThis is set at Zero at 
the facility Where the electronics is installed and automati 
cally set When a tool is calibrated by certi?ed technicians 
using the calibration station 20. When a tool is calibrated, 
the calibration station 20 Will read the total tool cycle count 
and record its present value into the cycle count at last cali 
bration automatically. It Will also reset 15. Date of Last Cali 
bration. 

l4. Calibration Interval CyclesiThis sets the maximum 
number of cycles a tool is alloWed to be run betWeen calibra 
tions. A tool is shut doWn by the Work cell supervisor 16 if 
the total cycle count is greater than or equal to the tool’s 
cycle count at last calibration plus the pre-set calibration 
interval cycles. In one form of the invention, an alarm output 
Will be generated by the Work cell supervisor 16 if the tool 
cycle count is greater than or equal to the cycle count at last 
calibration plus 80% of the pre-set calibration interval 
cycles. This creates an alarm at 80% of the alloWable cycle 
counts betWeen calibrations to assure plenty of time to 
re-cer‘tify the tool or provide a replacement tool to avoid or 
minimiZe assembly line doWn time. The facility Where the 
electronics is installed Will initially place a default value into 
this parameter by the preliminary set up station 18, but the 
service technician can change it at any time through the 
calibration station softWare 40. 

15. Date Of Last CalibrationiThis is set at the facility 
Where the electronics is installed by the preliminary set up 
station 18 to the tool build date and automatically reset at the 
assembly factory When a tool is calibrated by certi?ed tech 
nicians using the calibration station 20. 

16. Calibration Interval DaysiThis sets the maximum 
number of calendar days a tool is alloWed to be run betWeen 
calibrations. A tool is shut doWn by the Work cell supervisor 
16, Which determines the elapsed days, if the present date is 
greater than or equal to the tool’s date of last calibration plus 
the pre-set calibration interval days. In one form of the 
invention an alarm output Will be generated by the Work cell 
supervisor 16 if the present date is greater than or equal to 
the tool’s date of last calibration plus 80% of the pre-set 
calibration interval days. This creates an alarm at 80% of the 
pre-set calibration interval days to assure plenty of time to 
re-cer‘tify the tool or provide a replacement tool to avoid or 
minimiZe assembly line doWn time. The facility Where the 
electronics is installed Will initially place a default value into 
this parameter, but the service technician can change it at any 
time through the calibration station softWare 40. 

17. Customer Field 1* This memory location is open for 
customer use. These data ?elds are set at the facility Where 
the electronics is installed to null characters by the prelimi 
nary set up station 18, but the customer can insert informa 
tion or change them at the assembly factory by using the 
calibration station 20. 
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18. Customer Field 2* see Customer Field 1. 

19. Customer Field 3* see Customer Field 1. 

20. Tool Maximum Capacity (torque, dimension, 
pressure, force, etc) in engineering units. This is set at facil 
ity Where the electronics is installed by the preliminary set 
up station 18 or changed in the ?eld at the assembly factory 
by certi?ed technicians using the passWord protected fea 
tures of the calibration station 20 When a change has been 
made to the mechanics of the tool that alter its applicability 
to a particular Work cell 14 or alter the fundamental opera 
tion of a tool (neW gear ratio, addition of special end 
effectors, etc.). 

21. Engineering Units (Lb-Ft, Inches, PSI, Lbs, Etc.) This 
is set at the facility Where the electronics is installed by the 
preliminary set up station 18 or changed in the ?eld at the 
assembly factory by certi?ed technicians using the calibra 
tion station 20 and the calibration station softWare 40. 

22. Tool Minimum (Torque, Dimension, Pressure, Force, 
Etc.) This is set the facility Where the electronics is installed 
by the preliminary set up station 18 or changed in the ?eld at 
the assembly factory by certi?ed technicians using the pass 
Word protected features of the calibration station 20 When a 
change has been made to the mechanics of the tool that alter 
its applicability to a particular Work cell or alter the funda 
mental operation of a tool (neW gear ratio, addition of special 
end effectors, etc.). 

23. SpareiThis is an open information site in the tool 
memory 30 accessible by the calibration station 20 at the 
assembly factory to put in Whatever information the end user 
desires monitoring, such as other rebuild dates, etc.; it 
should be understood that a number of other open memory 
locations could be provided for selected use by the end user. 

24. Tool Setting (torque, dimension, pressure, force, etc.). 
This is generated by the calibration station 20 and is typi 
cally the calculated average of 10 cycles. This is set at the 
facility Where the electronics is installed by the preliminary 
set up station 18 or changed in the ?eld at the assembly 
factory by technicians using the calibration station 20 When 
an adjustment has been made to the average capability of the 
tool (e.g. adjustment to the torque clutch, etc.). The service 
technician can change it at any time through the calibration 
station softWare 40. 

The folloWing chart provides a brief summary of the list 
of items 1424 discussed above. 

Values And Data Entered into the Tool Memory 30 
by the Preliminary Set-up Station 18 
When Shipped to the Customer 

Value Set Into the 
Tool Memory 30 

Item Parameter Name When Shipped 

*1 Tool Type Coded Tool Type plus 
Manufacturer’s Code 
Model number ofbase tool as it 
appears on the tool 

2 Tool Model Number 

*3 Tool Serial Number Serial number ofbase tool as it 
appears on the tool 

*4 Tool Build Date The date the tool had the 
electronics installed. Use?il for 
Warranty liability 
The serial number of the Tool 
Monitor-Controller 12 printed 
circuit board 

5 PCB Serial Number (printed 
circuit board) 
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-continued 

Values And Data Entered into the Tool Memory 30 
by the Preliminary Set-up Station 18 
When Shipped to the Customer 

Value Set Into the 
Tool Memory 30 

Item Parameter Name When Shipped 

The revision number of the Tool 
Monitor-Controller 12 printed 
circuit board 
The revision number of the Tool 
Monitor Controller software 

6 PCB Revision (printed circuit 
board) 

7 ToolMonitor-Controller 
Software revision 

installed 
* 8 Total Tool Cycle Count Zero 
9 Cycle Count At Last Service Zero 

Interval 
10 Service Interval Cycles 100,000 
11 Date Of Last Service The date the tool had the 

electronics installed 
12 Service Interval Days 100 
13 Cycle Count At Last Calibration Zero 
14 Calibration Interval Cycles 10,000 
15 Date Of Last Calibration The date the tool had the 

electronics installed 
16 Calibration Interval Days 1 
17 Customer Field 1 Blank 
18 Customer Field 2 Blank 
19 Customer Field 3 Blank 
20 Tool Max. Capacity (torque, Per Manufacturer’s Speci?cation 

dimension, pressure, force, etc 
21 Engineering Units (Lb-Ft, Tool Speci?c 

inches, PSI, Lbs, etc.) 
22 Tool Minimum (torque, Per Manufacturer’s Speci?cation 

dimension, pressure, force, etc). 
23 Spare Blank 
24 Tool Setting (torque, dimension, 20% of Tool Maximum Capacity 

pressure, force, etc). 

*Identi?es those parameters that are settable only by the Preliminary Set-up 
Station 18. 

It should be noted that the data listed for certain of the 
monitoring parameters can be changed at the discretion of 
the end user, for example such as 10. Service Interval 
Cycles, 12. Service Interval Days, 14. Calibration Interval 
Cycles and 16. Calibration Interval Days. 
The Customer Fields 143 permit the end user at the 

assembly factory to put any type of information desired into 
the tool memory 30. For example, they could use it to 
specify What section or Work cell of an assembly factory the 
tool 10 is alloWed to be used at, the number of times the tool 
10 had to be serviced during its life, the oWners asset 
number, Where the tool 10 Was bought, etc. This information 
Will be available at each Work cell 14 to alloW the end user to 
Write softWare to perform any type of test, data logging, or 
asset (tool) tracking program they Wish. 

Thus the Work cell supervisor 16 can then vieW or monitor 
all of the above items stored in the tool memory 30. The 
Work cell supervisor 16 Will be programmed to select from 
this data listed to qualify a particular tool as alloWed to oper 
ate. In addition, since the Work cell supervisor 16 is linked to 
the factory Wide supervisor 23 all of the data stored in the 
tools being used at Work cells 14 in the assembly factory can 
be made available to the factory Wide supervisor 23. Thus, 
through this link, supervisory or maintenance people can 
perform an audit on the condition and location of all the 
portable tools located and active Within this netWork. The 
embodiments of this speci?cation only provide, by Way of 
example, the mechanisms for making certain, selected data 
available to the factory Wide supervisor 23 and makes no 
attempt at de?ning the other numerous Ways that this data 
could be modi?ed and could be accessed and used. 
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As noted the installation tool 10 can be one of generally 
standard design such as a portable, battery operated torque 
tool. Here, in order to correctly monitor the magnitude of 
torque as applied to a fastener, the tool 10 Will have a 
(torque) measurement sensor 60. In this regard the magni 
tude of torque could be sensed by a torque transducer built 
into the tool and monitored to determine the magnitude of 
torque applied to each fastener. On the other hand some 
torque tools are provided With a mechanical sensor having a 
clutch Which is adapted to be moved such that When the 
preset magnitude of torque is attained it Will be moved su?i 
ciently to open a sWitch Whereby rotation of the motor is 
stopped. One such tool is manufactured by Bosch Tool Cor 
porationl. The clutch includes a shut-off ring connected to a 
micro-sWitch, and a clutch spring and tension adjuster 
assembly. The clutch spring exerts a resilient bias against the 
shut-off ring. As torque on the fastener increases, the shut 
off ring is moved against that resilient bias. When the tool 
reaches the pre-set magnitude of torque, the shut-off ring is 
moved against the bias of the clutch spring to a position 
opening the micro-sWitch Whereby rotation of the motor is 
stopped. The magnitude of shut-off torque can be selectively 
set by adjustment of the tension adjuster Which is accessible 
to the service technician equipped With any special tooling 
necessary to change the amount of resilient bias needed to be 
overcome to open the micro-sWitch. NoW the condition of 
the micro-sWitch is sensed and provides the signal of correct 
magnitude of applied torque When it is opened. 
1 BOSCH® is the registered trademark of Robert Bosch GmbH. 

The speci?c details of such tools With torque transducers 
as sensors or With torque responsive clutches are knoWn in 
the art and do not constitute a part of the present invention 
and thus have been omitted for simplicity and brevity. For 
example, the use of a torque limiting clutch for limiting the 
torque to selected magnitudes and to act as a sWitch is noted 
in U.S. Pat. No. 6,662,882 issued Dec. 16, 2003 to Hanson 
for PoWer Nut Runner With Torque Responsive PoWer Shut 
Off and U.S. Pat. No. 3,792,632 issued Feb. 19, 1974 to 
Pinkerton for Tool For Torquing And Crimping Fasteners. 
As noted the portable installation tool 10 has the tool 

monitor-controller 12 located therein. The various compo 
nents of the tool monitor-controller 12 are shoWn in FIG. 4. 
There it can be seen that the monitor-controller 12 has a tool 
embedded controller 32 Which is actuable to control the 
operation of the tool 10. 

The tool embedded controller 32 receives the signal from 
the (torque) measurement sensor 60 each time a fastener is 
set at the preselected magnitude of torque. The embedded 
controller 32 is also connected to the tool memory 30 and 
has access to the information stored therein. The tool moni 
tor-controller 12 has a tool R-F transceiver 28 by Which the 
tool 10 can communicate Wirelessly by radio frequency With 
the Work cell supervisor 16, the calibration station 20 and the 
portable audit device 22. See FIG. 1. 

Since, for this particular example of implementation, the 
R-F link is typi?ed as a BluetoothTM R-F link, the tool 
memory 30 can be attained by using a 4 Mbit Flash memory 
similar to an SST3 9VF4 or equivalent, and use the Persistent 
Store User De?nable Data values as de?ned by Cambridge 
Silicon Radio re the CSR chip and BluetoothTM protocol 
(commercially available) as a transport mechanism to get the 
data from the tool memory 30 to become available at the 
Work cell supervisor 16. The use of the BluetoothTM protocol 
is the protocol used for this example. Bluetooth R-F modules 
and transceivers are commonly used and are commercially 
available. But it should be understood that other commer 
cially available R-F transceivers and modules are commonly 
used. For example alternatives to BluetoothTM such as 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
802.11, WiFi, or Zigbee could be used to perform the same 
R-F function as that described herein. Therefore, the tool 
R-F transceiver 28 can be selected from a number of com 
mercially available ones. 
As noted, before the portable installation tool 10 is used it 

is ?rst programmed at the preliminary set up station 18 at the 
facility Where the electronics is installed, then calibrated at 
the assembly factory at the customer site by the calibration 
station 20. 
Thus the installation tool 10 is taken to the calibration 

station 20 for setting the tool 10 to provide the desired mag 
nitude of torque. See FIG. 6. 

Looking noW to FIG. 6, the calibration station 20 includes 
a calibration device 36, a calibration PC 38 With computer 
softWare 40, and a calibration R-F transceiver 42. 
When the tool 10 is being calibrated there are tWo paths 

for communication into and out of the calibration PC 38. The 
calibration PC 38 uses the ?rst bi-directional link to drive the 
R-F link to the tool monitor-controller 12 via the calibration 
R-F transceiver 42 and the tool R-F transceiver 28. The 
implementation of these communication ports could be done 
in many Ways, but in one form Will mainly be con?gured as a 
plug-in card for a PC (PCMCIA, Compact Flash, etc), or a 
custom design for a single board computer design. The cali 
bration PC 38 has a second (cabled) serial link to the calibra 
tion device 36. When the tool 10 is brought into proximity to 
the calibration R-F transceiver 42 the tWo automatically 
locate each other via the R-F link and begin a dialogue. The 
computer softWare 40 in the calibration PC 38 Will identify 
all of the parameters inside the tool 10 and ?rst see if the tWo 
have ever communicated before, or if this is a neW tool to the 
assembly factory. If they have not, the software 40 in the PC 
38 Will start a neW record for this particular tool. This record 
Will become part of the data in a database, such as an Access 
or Excel database, that records all of the calibration and 
service data for this tool 10 through its life. This data also 
becomes valuable for asset tracking because it can provide a 
rich history of the location of and use of a particular tool. 
The calibration computer softWare 40 Will automatically cre 
ate a neW entry and a database record Without the operator 
ever picking up a pencil or manually logging calibration 
data. This softWare operates this Way to make it easy to 
introduce a neW tool into a plant. Just bringing the tool into 
proximity of the calibration station 20 Will automatically 
create a log of this neW tool’s presence in the assembly 
factory and store all of the information associated With that 
tool. Because it is probable that in very large assembly plants 
there may be more than one calibration station 20, the infor 
mation available in these tools is intended to be stored at a 
central computer called a factory Wide supervisor 23 typi 
cally located on a factory-Wide communications netWork. If 
the calibration station 20 recogniZes this tool as one previ 
ously communicated With, it Will not create a neW tool entry, 
but append data to the existing records. HoWever, a calibra 
tion station 20 different from the one originally accessed by 
the tool 10 can secure the background information from the 
factory Wide supervisor 23. 
When the tool 10 runs a fastener element on the calibra 

tion device 36, the calibration device 36 automatically sends 
this data across the cabled serial line into the calibration PC 
38. The PC 38 displays the torque values to the operator, 
gives the operator an opportunity to reject the torque value of 
a particular cycle (if there Was a problem With that particular 
cycle), then averages the torque magnitude of multiple 
cycles. In one form, after the portable tool 10 runs approxi 
mately 10 cycles, the average torque of these cycles as noted 
by the PC 38, if at the proper magnitude, is Written into the 
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tool memory 30 by the operator via the R-F link between the 
tool transceiver 28 and the calibration transceiver 42. After 
this happens, the tool 10 is now carrying inside its memory 
30 the information that identi?es the magnitude of the aver 
age torque it produces to set a fastener, and this information 
is included in all future R-F dialogue. If the magnitude of 
this torque average is unacceptable, the service technician 
can adjust the clutch or other control apparatus in the tool 10 
to raise or lower the average torque to a value closer to the 
desired target and run the test again until the tool 10 is set to 
create an average torque magnitude that is within desired 
tolerances. 
A special enhanced version of the calibration station 20 

can be used for major tool repair or recon?guration. The 
enhanced version of software can be called “the tool repair 
station” just for differentiation purposes for this disclosure. 
Such a tool repair station can have all of the capabilities of 
the calibration station 20, but through the use of passwords 
and privileged access to supplemental software that will be 
included in the calibration station software 40 will allow the 
certi?ed service technician to gain access to altering some of 
the parameters stored in the tool memory 30 of the tool 10. 
The tool repair station can facilitate repairs or recon?gura 
tions done at the user’s site at the assembly factory or an 
outside source other than the tool factory by speci?ed trained 
technicians. Only through entering the proper pass codes 
will such a selected repair technician be able to gain access 
to all of the parameters that need to be changed when modi 
?cations are made to the tool that affect its capabilities, eg 
change to a gear ratio, addition of a gear stage that would 
effect direction of rotation, a revised set of software pro 
grammed into the tool 10, etc. The calibration station 20 will 
be linked to the factory wide supervisor 23 to provide the 
data necessary to keep a current and central ?le on all tools 
located within the assembly factory. If the assembly factory 
personnel want to start repairing these tools, then routinely 
this will be done by a trained or certi?ed repair technician 
capable of repairing these tools. The following chart identi 
?es those tool parameters that can be changed by the calibra 
tion station 20, and those parameters accessible solely 
through password enabling as would be used after a tool 
repair. In the chart an “N” indicates that the parameter can be 
changed without entering a password, a “Y” indicates that 
the parameter can be changed at the calibration station only 
if the proper password has been entered (as would be done 
after a tool repair). 

Parameters Alterable by the Calibration 
Station & by the Password Enabled 

Calibration Station 
N = No Y = Yes 

Calibration Tool 
Item Parameter Name Station Repair 

2 Tool Model Number N Y 
5 PCB Serial Number (printed circuit board) N Y 
6 PCB Revision (printed circuit board) N Y 
7 Tool Monitor-Controller 12 Software N Y 

revision 
9 Cycle Count At Last Service Interval Y Y 

10 Service Interval Cycles Y Y 
11 Date Of Last Service Y Y 
12 Service Interval Days Y Y 
13 Cycle Count At Last Calibration Y Y 
14 Calibration Interval Cycles Y Y 
15 Date Of Last Calibration Y Y 
16 Calibration Interval Days Y Y 
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-continued 

Parameters Alterable by the Calibration 
Station & by the Password Enabled 

Calibration Station 
N = No Y = Yes 

Calibration Tool 
Item Parameter Name Station Repair 

17 Customer Field 1 Y Y 
18 Customer Field 2 Y Y 
19 Customer Field 3 Y Y 
20 Tool Max. Capacity (torque, dimension, N Y 

pressure, force, etc. 
21 Engineering Units (Lb-Ft, inches, PSI, Y Y 

Lbs, etc.) 
22 Tool Minimum Capacity (torque, N Y 

dimension, pressure, force, etc). 
23 Spare Y Y 
24 Tool Setting (torque, dimension, pressure, Y Y 

force, etc). 

Note: 
Parameters l, 3, 4 & 8 are not listed because they are non-?eld-changeable. 

Now the installation tool 10 is set for setting fasteners to 
an appropriate torque at the selected work cell 14. When the 
electronics in the portable installation tool 10 is installed, the 
tool embedded controller 32 is set to maintain the tool 10 
deactuated. Thus the tool 10 will not operate without the 
proper R-F actuating signal being given to the embedded 
controller 32, by the calibration station 20, the work cell 
supervisor 16 or the portable audit device 22. Typically at 
the work cell 14 the portable tool 10 is queried by the work 
cell supervisor 16. If the portable tool 10 is con?gured prop 
erly, and has not been used for periods that violate the com 
pany’s quality policies for time and/or cycles between cali 
bration or service periods, the tool 10 will be enabled to run 
by the work cell supervisor 16. This assures that a tool 10 
will not operate without an R-F master station within its R-F 
range and will only operate if a pre-de?ned set of quali?ca 
tions are met. 

Looking now to FIG. 7, the work cell supervisor 16 has a 
supervisor platform 50 with a supervisor PC 52. It can also 
be a single board computer. The supervisor software 54 in 
the supervisor PC 52 of the work cell supervisor 16 will 
constantly be searching for intelligent tools to link up via the 
R-F linkage. When the portable tool 10 is brought into the 
work cell 14 in proximity to the R-F range of the work cell 
supervisor 16 the two automatically ?nd each other via the 
R-F link between the tool R-F transceiver 28 and the work 
cell supervisor R-F transceiver 46. They will then begin a 
dialogue very similar to the dialogue between the calibration 
station 20 and the portable tool 10. The supervisor software 
54 in the work cell supervisor 16 will identify all of the 
parameters inside the portable tool 10 and ?rst see if the tool 
10 has been set to a torque setting that is acceptable for this 
particular work cell 14. If the tool 10 has the correct torque 
setting, the work cell supervisor 16 will then look at the 
acceptable limits for cycles and days between calibrations 
and all other criteria deemed critical for that particular work 
cell 14. To keep the quality of the parts being assembled 
high, plants will frequently have the maximum number of 
cycles that are allowed to be run between checking the por 
table tool 10 for torque accuracy set relatively low. As noted 
in the list of data in the tool memory 30, the tool 10 will store 
inside the tool memory 30 the number of cycles that were 
run when the tool 10 was last calibrated and last serviced and 
the data when the tool 10 was last calibrated and last ser 
viced. In addition it has the maximum number of cycles and 
maximum number of days allowable between last calibra 


















