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(57) Abstract: A method is provided for centrally monitoring machines running at remote customer sites and providing customers
with adequate support. The method includes collecting machine operating data, including data for each process stage, at the customer
sites, and analyzing, at a central location, the collected machine operating data for each machine. Subsequently, a solution based
upon the analysis is proposed to the customer for each of the machines, and the solution is then implemented. The method also
includes continuously collecting data to check effectiveness of the installed machines and to verify the solution works.
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DESCRIPTION

CUSTOMER SUPPORT SYSTEM AND
METHOD OF CUSTOMER SUPPORT

Technical Field
The present invention relates to the field of customer support. More
particularly, the present invention relates to monitoring and supporting

machinery installed at a customer's premises.

Background Art

In conventional, current customer support systems require manual
collection of data. Thus, real time analysis of the data is not possible.

Tt would be desirable to have an automated monitoring system that
continuously monitors installed machines. Such a system would facilitate
support of the installed machinery and ensure effectiveness of the machines.

In view of the foregoing, the present invention is directed to
continuously monitoring installed sheet metal machinery.

Therefore, one object of the present invention is to provide a customer
support method and a customer support system where a factory can easily

know how to change machines to be used to gain the profit increase.

Disclosure of the Invention

In order to achieve the object mentioned above, in accordance with a
first aspect of the present invention, there is provided a method for centrally
monitoring machines running at remote customer sites and providing

customers with adequate support. The method includes collecting machine
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operating data for each process stage at the customer site. The method also
includes analyzing, at a central location, the collected machine operating data
for one of the machines. The method further includes proposing to a
customer a solution based upon the analysis, and implementing the solution.
The data is continuously collected to check effectiveness of the installed
machines and to verify the solution works. The method may also include
researching a machine status before machine installation. In one embodiment,
the proposal is for a profit increase based upon current data.  The machine
operating condition data may include a machine operation log, graphics images
of the operating machine, a maintenance history, and a history of purchased
parts.

The analyzing may include comparing a manufacturing time for a
product after an upgrade with a target manufacturing time for the product.

The analyzing may also include comparing a newly installed machine's
performance with an old machine's performance. The analyzing may further
include comparing a processing time for a product on a newly installed
machine with a known average processing time for the product. The
analyzing can also include analyzing a long term trend.

In another aspect of the present invention, a method is provided for
installing a new machine. The method includes frequently recording machine
operating conditions for the machine, including information for each process
stage, which was installed at a remote location, and analyzing the recorded data
at a central location. The method further includes suggesting new products
and/or services to solve problems found through analysis, and ordering new
products immediately. ~After the new products are delivered, installation

effectiveness is continuously monitored.

In yet another aspect of the present invention, a method is provided
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for maintaining a machine installed at a remote location. The method
includes frequently recording machine operating conditions for each process
stage, and analyzing the collected data. The method also includes suggesting
machine maintenance or parts to solve a problem found through analysis, and
immediately ordering and delivering parts that solve the problem. The
problem and solution are reported to the customer, and the machine is
continuously monitored to verify that the problem was solved. The problem
may be a problem predicted based upon a history of machine operating
conditions. The problem may also be a current problem detected from
decreased performance indicated by the machine operating conditions.

In yet another aspect of the present invention, a system provides
customer support of newly upgraded machinery and/or newly installed
machinery. The system includes machines to be monitored, each located at a
customer site, and an operating data monitoring and coﬂecﬁon system that
monitors the machines. The system also includes a call center that receives
data from the operating data monitoring and collection system, including data
for each process stage, and records the data for analysis. The call center may
prepare a proposal based upon the analysis, the proposal being presented to a
customer. In one embodiment, the data includes a machine operation log, and
graphics images of the operating machine.

The analysis may include comparing a manufacturing time for a
product after an upgrade with a target manufacturing time for the product,
comparing a newly installed machine's performance with an old machine's
performance, and/or comparing a processing time for a product on a newly
installed machine with a known average processing time for the product.

In yet another embodiment, the system also includes portable devices

that communicate with the call center, the portable devices being operated by a
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sales representative or a service engineer. One of the portable devices may
collect data for each stage of a process by transmitting to the call center a
indication of a beginning of the process, and when the process completes,

transmitting to the call center an indication of an ending of the process.

Brief Description of the Drawings

The present invention is further described in the detailed description
that follows, by reference to the noted drawings by way of non-limiting
examples of preferred embodiments of the present invention, in which like
reference numerals represent similar parts throughout several views of the
drawings, and in which:

Figure 1 illustrates an exemplary support system, in accordance with
an aspect of the present invention;

Figure 2 show an overall customer support process, in accordance
with an aspect of the present invention;

Figure 3 shows an example of a machine's operating history,
according to an aspect of the present invention;

Figure 4 shows a process for collecting machine operating data,
according to an aspect of the present invention;

Figures 5 shows an example of collected machine operating data, in
accordance with an aspect of the present invention;

Figures 6A, 6B, and 6C show examples of a machine analysis, in
accordance with an aspect of the present invention; and

Figures 7A, 7B, and 7C show examples of a product analysis, in
accordance with an aspect of the present invention.

Figure 8 illustrates another exemplary support system, in accordance

with another aspect of the present invention;
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Figure 9 shows processes of a model manufacturing method,;

Figure 10 shows varied processes of a mode manufacturing method,;

Figure 11 shows processes of a mode manufacturing method;

Figure 12 shows varied processes of a mode manufacturing method;

Figures 13A and 13B show working standard creating and processing
block diagrams and flows;

Figure 14 shows working result collecting and processing block
diagrams and flows;

Figure 15 shows a table of working time;

Figures 16 and 17 show graphs of Workjhg time;

Figure 18 shows a table of working time;

Figure 19 shows calculating module of working time;

Figure 20 shows a table of working cost;

Figures 21 and 22 show graphs of working cost;

Figures 23 and 24 show cost tables in the varied working processes;

Figure 25 shows a graph of costs

Figure 26 shows processes of a manual manufacturing sequence;

Best Mode for Carrying Out the Invention

A description will be in detail given below of embodiments of a
processing method of a formed product in accordance with the present
invention, and an upper metal mold and a lower metal mold used for the
method.

First, the present invention is directed to a system that enables
ceﬁtralized support of installed machinery by continuously monitoring the
installed machinery.

The system keeps track of the customer's machine operating
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conditions accurately and suggests products and services based on the data
recorded during operation.

An object of the present invention is to explain to customers the
effectiveness of the installed machine based upon a comparison of costs before
and after installation.

Another object of the present invention is to continuously monitor and
support machine operation until recognizing the planned effectiveness.

It is another object of the present invention to continuously monitor
the operating machines and suggest maintenance services, such as supporting,
examining and replacing consumable supplies.

It is a further object to monitor the operating machines to discover
problems, and then suggest solutions.

Thus, the present invention continuously and accurately understands a
customer's conditions, and provides appropriate suggestions and support until
achievement of planned targets.

In one aspect of the present invention, a machine home doctor (MHD)
team is assigned to operate and support the system. The team can be formed
with a sales representative and a service engineer.

Referring to Figure 1, an exemplary support system will be described.
Sheet metal machines 10 can be installed at a customer site. In one
embodiment, the machines 10 are networked together. The machines are
connected to an operation data monitoring and collection system 12 via a
communication line. The operation data monitoring and collection system 12
continuously collects and monitors the data from the installed machines in the
shop through the line of communication. The operation data monitoring and
collection system 12 sends the collected machine operating data to a call center

14 at established intervals. The operation data monitoring and collection
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system 12 also sends graphics images to the call center 14 using a camera,
which is installed on the machine 10. In case of an emergency, the operation
data monitoring and collection system 12 automatically notifies, by e-mail or
telephone, the call center 14.

The call center 14 receives information and stores the information for
each customer. In one embodiment, the information is stored based upon the
customer's name and the machine name. A data server may be provided to
record achieved (archived) product information, machine operating ‘
information and manufacturing data.

Exemplary information received at the call center includes machine
operating information and graphics image information received from the
operation data monitoring and collection system 12. Other information can
be received from an MHD device 16, such as a personal computer or a cellular
telephone carried by the service engineers and/or sales representatives of the
MHD team. Information received from an MHD device 16 can include
customer correspondence, such as questions and answers, and/or graphics
images, as well as time stamps associated with the data.

The PC that the service engineers or the sales representatives carry,
can input, edit, and display customer information data, such as the customer's
work data and requirements. The PC may also analyze machine operating
information and then provide service and suggest product for customers. In
one embodiment, part ordering software, e.g., Part Navigator available from
SolidWorks Corporation of Concord Mass., is provided on the PC, enabling
the service engineer and/or sales representative to easily and promptly order
parts while on-site. In this case, the Part Navigator software is modified to
include an order function and access to a database storing parts.

The cell phone that service engineers or sales representatives carry
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can input, record and send the service information and a time-stamp.  The cell
phone can also record and send graphics images, such as photographs. In
case the operation data monitoring and collection system 12 is inoperable or
not set up, the cell phone can record and send a customer's machine operating
information manually. The cell phone also enables a service engineer and/or
sales representative to quickly order parts by part code.

A service center 18 may also be provided to support and manage
service engineers and sales representatives. The service engineers and sales
representatives can communicate with the service center 18 via cell phone or
PC.

According to an aspect of the present invention, the customer support
system can be used in a customer support process, which is shown in Figure 2.
Initially, the machine data is collected at S10.  After the data has been
collected, it is analyzed at step S12.  Finally, a proposal can be presented.
Alternatively, or in addition, a solution can be presented, at step S14. The
process then continuously repeats. Each step of the overall process will be
described in more detail below.

Exemplary customer information that can be collected will now be
discussed. The customer information can include the actual machine
operating data. This machine operating data is specific to the machine that is
being monitored, and can include the number of different items manufactured
each day, the quantity of the same items manufactured each day, the number of
hits each day, the amount of processing time each day (excluding set up time),
and the amount of material processed each day.

Actual manufacturing data is also collected based upon manufactured
product part information. Exemplary information includes the manufacturing

time required for a product, the cost to manufacture the product, and the history
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of the machine while manufacturing the part. The history can show how
much time was spent operating, setting up, queuing, stopping (because of
alarms) and pausing. Figure 3 shows an exemplary machine history.

Other customer information is based upon an overall analysis of the
shop. The overall analysis, is of course focused on the machine operation.
For example, in the case of an installed bending machine, how the customer is
using software to obtain bend data is important. Thus, the software used and
how long the software was used, whether 3D models were used, the tools that
were used, the number of bends performed by a bending machine, etc. can be
recorded.

Other customer information can include graphics. For example,
pictures can be taken of the final product or defect locations. Question and
answer information, such as customer requirements, claims, and the data that
would be forwarded to the development divisions can also be part of the
customer information, as can the maintenance history and part replacement
history. '

The machine operating data is preferably collected by the operation
data monitoring and collection system 12. Howeyver, if that system is
unavailable manual collection can occur. In this case, one of the MHD
devices 16 can be used to collect the manufacturing time of specific parts.

As shown in Figure 4, the collection process includes several steps.
Initially, the first process stage is set at step S20. In one embodiment, the
following process stages are used to measure manufacturing time of a part:
creating flats; sheet testing; double-checking; checking if the sheet is the same
as the flat from the original drawing; verifying sheet manufacturing; selecting
bend tool sequence; selecting bending machine data, e.g., L/D values; creating
bend process data; machine set up; setting up the machine and bend tools;
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performing a bending test; and examination of the bent model.

After the process stage is set, the MHD device 16 connects to the call
center 14 to indicate the start of the process, at step S22.  Subsequently, the
processing occurs, at step S24.  Once the process is completed, the MHD

device 16 indicates the same, at step S26. Then, it is determined if additional

- processing stages exist at step S28. If so, the process returns to step S20 and

repeats with the next process stage. Otherwise, a graphics image is recorded
and transmitted at step S30 and the process then ends.

A display showing an example of collected manufacturing time is
shown in Figure 5. In the example of Figure 5, creating the flat required fifty
minutes (hours/60), sheet test processing required twenty minutes (hours/60),
double checking required nineteen minutes (hours/60), sheet process
verification required ten minutes (hours/60), selecting the bend sequence and
tooling required fifteen minutes (hours/60), selecting the L/D values required
five minutes (hours/60), the machine set up required ten minutes (hours/60),
the bending test required five minutes (hours/60), and the examination required
ten minutes (hours/60). Thus, the overall time was 135 minutes (two hours
and 15 minutes) Figure 5 also includes a bar graph showing the percentage of
time each process stage required.

The analysis of step S12 is now discussed in further detail.

After the time of each process stage is collected, evaluation of the
time required to manufacture a product can occur by analyzing each step in the
process. The collected machine operating data can be used for various
purposes. For example, the efficiency of each individual step can be
evaluated and problems can be spotted based upon the time required for the
step.

Although the performance of each individual stage can be analyzed,
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such analysis may have limited value with respect to the overall manufacturing
costs and efficiency. For example, new equipment directed to improving the
efficiency of a first stage may indirectly reduce the time required for a second
stage. In this case, even if the time for completing the first stage becomes
longer than the pre-install time for that stage, the indirect improvement may
outweigh the increased time for completing the first stage and therefore reduce
the overall manufacturing time. Thus, measurement of the effectiveness of
the new installiupgrade occurs for all of the stages.

Moreover, the duration of each stage can be uséd to calculate the total
manufacturing cost, which can be provided to the customer as a target result.
That is, the manufacturing cost for the product is a sum of the cost of each
process stage.

In an embodiment of the present invention, several different types of
analysis occur. A machine analysis can be performed, a product analysis can
be performed, a time analysis can be performed, a historical data analysis can
be performed, and a trend analysis can be performed. Each type of analysis
will now be discussed in more detail.

" The system of the present invention continuously collects data and
analyzes the machines by comparing and verifying the effectiveness of the
newly installed machine's operating performance versus the old machine's
operating performance. More importantly, the machine analysis also
compares a target value with the newly installed machine's operating
performance. Such a comparison provides significant benefits, such as
ensuring the installation is operating smoothly and showing unexpected results.
If the post installation result is inferior to the targeted result, the present
invention contemplates providing support (e.g., the MHD, customer suppott,

etc.) to help achieve the targeted result. The machine analysis can also be
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applied to the same machine before and after an improvement, e.g., a software
upgrade.

Figure 6A shows an example of a machine analysis. It can be seen
that before installation, only 43 different items were manufactured each day.
After installation, 81 different items were manufactured, whereas the target is
100 items each day. Similarly, before installation, 76 units of an item were
produced, 11,824 hits occurred each day, processing time was 7.6 hours each
day, and .7 tons of material were processed each day. = After installation, 158
units were produced each day, 20,532 hits occurred each day, processing
occurred for 9.8 hours each day, and 1.4 tons of material were processed.

The target values are: 180 units of an item produced, 25,000 hits each
day, 10 hours each day, and 1.6 tons of material being processed each day. In
the example of Figure 6A, the data collected after installation was collected
automatically by the operation data monitoring and collection system 12 and
the data from the old machine was collected when interviewing the customer.
The target values can include: a consultant’s estimate of the machine’s
production capacity on the customer’s manufacturing application; a fixed value
derived from a time study algorithm; or a manufacturing time of similar parts
manufactured by the same installed machine. ~ The time study data is derived
from a simulation provided by manufacturing software. For example, the
simulation can verify the process stages employed in a manufacturing process.
Consequently, the user can calculate the manufacturing time (time study) in the
simulation based upon the duration of each stage.

Referring back to Figure 6A, because each of the post installation
results falls short of the target values, additional support is provided to the
customer to reduce or eliminate the shortcomings. ~Although Figure 6A

shows before installation, after installation and final target values, a Figure 6B
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showing before installation and after installation values, or a Figure 6C
showing after installation and the final target values can also be provided.

A product analysis based upon the collected data can be used to
evaluate the time required to make a product, for example, the customer's main
product. The product analysis compares and verifies the effectiveness of the
product manufacturing time, before improvement, after improvement and
against a target value. As with the machine analysis, the product analysis can
compare two different machines to verify the effectiveness of the
manufacturing time before and after installing a new machine, while
considering the target value. The product analysis can also compare the
performance of the same machine, before and after improvement, to verify the
effectiveness of the upgrade by comparison to a target value.

Figure 7A shows the results of a product analysis. In Figure 7A,
sixty minutes were required to manufacture a product with the old machine,
whereas only 46 minutes were required to manufacture the same product with
the new machine. The target time is 37 minutes. " Thus, support is provided
to the customer to reduce/eliminate the extra time required to manufacture the
product. A more detailed break down of the time is also shown in Figures 7B
and 7C.  Although Figure 7A shows before installation, after installation and
final target values, a display 7B showing before installation and after
installation values, or a display 7C showing after installation and the final
target values can also be provided.

A time analysis can be performed to see whether the newly installed
machine's processing time is as it should be, based upon the machine
manufacturer's knowledge of average processing time for the machine. The
time analysis usually takes place with respect to a specific product. The

machine operating performance (for example, the average number of operating
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hours or number of hitting times) can be compared with the expected standard
performance. In addition, the manufacturing time of a product can be
compared with the standard product manufacturing time (based upon data
compiled by the machine manufacturer).

A historical data analysis can be used to project and suggest the next
maintenance time, such as a supply replacement, based upon the historical
maintenance information. That is, if it is known that a tool requires a check
up every twelve hours of use and replacement every thirty hours of use, by
maintaining a history of the tool's use, the system can inform the customer
when the next check up and maintenance times are. For example, if the
monitoring indicates that the tool has been used for ten hours, the customer can
be informed that after two more hours of use a check up should occur.

Finally, a trend analysis can be performed to verify whether a
predicted improvement resulting from the machine upgrade/replacement was
accurate. The machine operating performance trends can be observed by
storing long term information continuously. The trend analysis can also help
discover if a problem exists, for example if the average output drops. For
example, a decreasing tend could indicate that maintenance is required.

The last step of the customer support process is presenting a proposal
and/or providing a solution, as shown in step S14.

Based upon an analysis of the customer's current operating conditions
a proposal may be presented to the customer for increasing profit. That is, the
proposal shows how installing a new machine will increase the customer's
profit, while accounting for the cost of installation.

In order to prepare the proposal, a customer is selected and the factory
is diagnosed. Next, a customer file is created based upon the customer’s

manufacturing machines, production items, and production quantity to identify
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increased profit opportunities. The current machine performance is then
examined. As described above, the time of the production at the each step
using the customer's major product is measured.  Finally, the potential
increase in profit is discussed with the customer. If the customer is interested
in the proposal, a conditional contract is signed to make the customer a partner.
The conditional contract permits the customer to return the new machine if the
proposed profit increase does not occur or is unacceptable.

After the conditional contract is signed, the installation process occurs.
In one embodiment, the installation process includes a pre-installation meeting,
and pre-installation training before the machine is delivered. ~ After the
machine is installed, a trial run is performed and post-installation training
occurs.

After the machine has been installed, the new machine will be
supported, as described above, to ensure the proposed profit is achieved, i.e.,
customer satisfaction is achieved. The support verifies whether the new
machine is operating 100% of the time and whether the increased profit target
established in the proposal is achieved. Once it is verified that the proposed
increased profits has been achieved, a formal final contract may be signed.
Otherwise, based upon the conditional contract, the customer can return the
new machine. If the sale (machine installation) is a success, the success story
can be reported.

The last step of the process may also include providing a solution,
such as maintenance. For example, replacement or maintenance of parts may
be suggested and/or a maintenance report can be generated.

Because the machine operating information is periodically analyzed,
the performance of the machine can be checked. The results can be reported

to the customers and if there are problems, solutions can be suggested. For
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example, defective parts can be discovered if numerous stop time/alarms are
detected. Therefore, replacement or maintenance of a part may be needed.

Maintenance services may also be provided. For example when a
part is damaged, the damaged condition can be graphically recorded. If the
MHD team is not able to solve the problem, the graphics images can be sent to
the service center 18, which can respond with advice.

In one embodiment, graphics images are recorded after the repair, and
a service work report is created.  After the service work is done, it should be
reported to the customer.

The present invention can also facilitate order of supplies and parts.
Preferably, service or parts are ordered and the date of the service is recorded.
The parts can be ordered by the cell phone if the part codes are clear. If not,
the parts can be ordered with help from a software application that locates part
numbers based upon machine diagrams.

Thus, the present invention monitors machines running at customer
sites and provides the customer with adequate suppbrt. The present invention
tracks the machine status at the customer site and effectively uses the
information at a central location to provide product proposals. In one
embodiment, the machine status before and after upgrade/installation is
researched. The present invention also continuously monitors the machines
to check the effectiveness of the installed machines.

Steps for new machine installation can include frequently recording
the machine operating conditions, analyzing collected data, suggesting new
products to solve problems found through analysis, and ordering new products
immediately. After the new products are delivered, installation effectiveness
will be continuously monitored.

Maintenance (including preventative maintenance) can include
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frequently recording the machine operating conditions, analyzing collected
data, suggesting machine maintenance or parts to solve any problem found (or
predicted) through analysis, immediately ordering and delivering parts that
solve the problem, verifying and reporting the problem and solution to the
customer, and continuously monitoring the machine to verify that the problem
was solved.

In one embodiment, data continuously collected and analyzed
includes a machine operation log, graphics images of the operating machine,
questions and answers related to the customer, the maintenance history, and the
history of purchased parts.

Thus, central management of a customer's machines is enabled.
Accordingly, proposals can me made to the customer, and the machine’s
effectiveness can be checked. Consequently, complete customer support is
provided.

Referring now to Figures 8-25, still another embodiment will be
described in detail hereinafter. Figure 8 shows another customer support
system 100 which is improved.

As shown in Figure 8, sheet metal machines A, B, , , N can be
installed at a customer site. Each of the machines A, B, , , N are provided
with respective AMNC 112, 114, 116 which control each of the machines A,
B,,,N.

Furthermore, the AMNC 112, 114, 116 are networked together.
More specifically, the respective AMNC 112, 114, 116 are connected to a
virtual factory management system (VFMS) 102 and a parts data managing
component 104. Therefore, working data are transmitted from the parts data
managing component 104 to the respective AMNC 112, 114, 116. Standard
costs data are transmitted from the parts data managing component 104 to the
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virtual factory management system 102. Results, processing times, quantity of
results and quantity of hits are transmitted from the respective AMNC 112, 114,
116 to the virtual factory management system 102.

A call center 110 diagnosing factory status is connected to the virtual
factory managément system 102. Standard/result created in the virtual factory
management system 102 are transmitted from the virtual factory management
system 102 to the call center 110. The call center 110 diagnoses, examines and
analyzes the standard/result from the virtual factory management system 102.
The diagnosis, the examination and the analysis are transmitted from the call
center 110 to the virtual factory management system 102.

A 3D (third dimension) assembly drawing constructing component
106 is connected to the parts data managing component 104 and an automatic
CAM component 108 is connected to the 3D assembly drawing constructing
component 106. In those connections, standard costs, processing propriety
examination and standard processing are transmitted to the 3D assembly
drawing constructing component 106. Parts data created in the 3D assembly
drawing constructing component 106 are transmitted to the parts data
managing component 104.

Figure 9 shows sheet metal manufacturing process model. The
manufacturing of the sheet metal includes many varied processes with working
thin raw material. The proceeded manufacturing processes or proceeded
manufacturing sequences are varied according to character of parts or purpose
of parts.

Figure 10 shows a specific sheet metal manufacturing process of a
specific sheet metal parts, replacing the block diagram shown in Figure 9. In
the drawing, “current pattern of process” means manufacturing processes

according to currently installed machine. The current pattern of processes are
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independently proceeded. On the contrary, the other pattern of process, namely
“suggestion pattern of process” means another manufacturing processes
according to a suggested machine to manufacture the same pazts of the current
pattern of process. In this suggestion pattern, some kinds of processes are
united as shown in the drawing. In this embodiment, punching process,
de-burring process, forming process and tapping process are united as a
multiple operations process.

The sheet metal manufacturing proéesses of the sheet metal parts are
proceeded by many kinds of workings by operators and by machines. Fully
automatic manufacturing processes, semi-automatic manufacturing processes
or manpower manufacturing processes can be sorted. A model process of the
manufacturing for the sheet metal parts is defined with the block diagram as
shown in Figure 11.

Figure 12 shows a bending process which is divided for many
workings, replacing the block diagram shown in Figure 11. The CAM for
bending shown in Figure 12 corresponds to the working 1 shown in Figure 11.
The setting up for tools shown in Figure 12 corresponds to the working 2
shown in Figure 11. Furthermore, the model process of the manufacturing for
the sheet metal parts includes the following workings; setting up for machine,
trial bending, actual bending, inspection of bending as shown in Figure 12.

In the model process of the manufacturing for the sheet metal parts
shown in Figure 12, data for the standard and result are calculated and
collected according to the respective working 1 to the working N, actually,
according to the respective CAM for bending, setting up for tools, setting up
for machine, the trial bending, the actual bending, the inspection of bending
shown in Figure 12. As described above, since one process as the bending

process is further specifically divided into many workings shown in Figure 12,
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accurate diagnosis, examination and analysis can be available for the
customers.

Referring now to Figures 13A and 13B, a working standard
creation/procedure (step S40) will be described hereinbelow. Figures 13A and
13B show an example creation of standard time of each part in the bending
process. In a step S46 shown in Figure 13A, an automatically calculating
module for the working standard time 128 proceeds following procedures;
receiving parameter, receiving bending data, analyzing drawing data, checking
data, and estimating processing time. The procedure of the receiving parameter
includes material handling time, back-gauging order time, machine parameter
value. The procedure of the receiving bending data includes parts information
data, bending sequence, bending process data, tools set up information. The
procedure of the analyzing drawing data includes hole/forming data, each kind
of bending data. The procedure of the checking data includes all bending
process data and tools set up data. The procedure of the estimating processing
time includes calculation of the back-gauge operating timé, calculation of the
material-handling time, calculation of the table working time, and the
back-gauge working time.

The automatically calculating module for the working standard time
128 automatically calculates the standard working time of each parts. Figure
13 A shows an example of standard working time of bending process.

First, when the automatically calculating module for the working
standard time 128 recognizes that a target part (for example, part reference
number: P01-0516) having a working intention attribute (generic character of
working purpose) is registered at the parts data base (PARTS D.B.) of the parts
data managing component 104, the target part is automatically transmitted
from the PARTS D.B. to the module 128 (S42). In another method, un
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operator can manually search the target part in the PARTS D.B. and transmit it
to the module 128.

In the next step S44 shown in Figure 13A, following procedures are
achieved. The specific procedures in the step S44 are displayed in Figure 13B,
namely; determining machine, determining bending sequence/creating process,
deterrninjngvtools to be used, determining tools layout, checking collision,
creating operation program. Further specific result of created process for the
target part P01-0516 are shown at the right end table of Figure 13B.

Next, each working standard times in the bending process is
automatically calculated by the module 128.

At the calculation procedure of the standard working time, firstly,
machine parameters including axis speed, slowdown speed and pressing time,
material handling parameter, parameter of back gauging time for order, setting
up parameter are gained by the PARAMETER D.B. of the parts data managing
component 104. Secondly, the created bending sequence information, bending
kind information and other necessary information for bending are checked.
Then each working standard times, specifically, processing time, trial bending
time, tools set up time, machine set up time, CAM operation time are
calculated.

The calculated times are 35 seconds, 406 seconds, 150 seconds, 177
seconds and 128 seconds for the each working as shown in Figure 13A. The
above calculated times of each workings are respectively and independently
registered in the STANDARD D. B. of the parts data managing component
104.

Figure 14 shows an example of result time creation and collection for
bending process of the target part PO1-0516. The working result

collecting/procedure (S50) on each manufacturing processes are automatically
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proceeded by a working result time collecting module installed in each of the
AMNC 112, 114, 116.

By a standard type of bending machine, the bending process is
achieved many manpower by operator in addition to the machine-self
operation. Even though in this case, the AMNC 112, 114, 116 can recognize
all of the manpower by operator in bending process and collect the result
working times on each working proceeded in each of the machine A, B, ,, N,
respectively.

The bending processes achieved by ‘manpower by operator are sorted
into many steps shown in Figure 26. The bending processes achieved by
manpower by operator are divided into each operating function mode of graphs
S91 to S96. Automatically, each bending processes S91 to S96 are converted
into digital data and are input into the virtual factory management system 102
and the parts data managing component 104.

The AMNC 112, 114, 116 can display all parts to be manufactured in
a graphical catalogue through the network connected with the parts data
managing component 104. The AMNC can call the specified part among the
all parts to be manufactured in a graphical catalogue. The AMNC can also call
the specified part by bar code or IC tag (S52)

Since the called part data includes bending program automatically
created at the standard creation, the bending sequence and back-gauging
location can be confirmed and checked at the CAM function mode of the
AMNC (S54). Other program other than the above program can directly be
created by another method.

At the tools set up process (S56), tools to be used and tool layout are
checked in the tools set up function mode of the AMNC, and actually the tools

are set in the machine according to the guidance of the tool navigation system.
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Trial bending processing is proceeded by confirming accuracy on the function
mode of bending processing (adjustment) (S58). In the function mode of
bending processing, the bending processing is continuously and stabilizingly
performed (S60).

The accuracy of the product is confirmed on the function mode of
confirmation (S64). Then the above described data are registered (S66) in the
result data base (RESULT D. B.) of the virtual factory management system
102. Then the result time creation and collection for bending process of the
target part P01-0516 is terminated.

Figure 15 shows an example of comparing between standard working
time VS. result working time which are automatically calculated for bending
process of the target part P01-0516. In the table, @ means working time at one
quantity of the target part. The figures in the () are in case of three quantity of
the part. Standard 1 means the working time calculated as produced in the
current machine, and standard 2 means the working time calculated as
produced in the suggested machine. |

The “standard 1 VS. result ” in the penultimate line of the table shown
in Figure 15 is calculated in a manner of “standard 1 ~ -|(minus) result ”
and means and expressing the shortening of working time by improvement. On
the other hand, the “standard 2 VS. result ” in the bottom line of the table
shown in Figure 15 is calculated in a manner of

“standard 2 ~(minus) result”
and expressing degree of achievement against the target (standard).

Figures 16 and 17 show examples of display of comparing between
“current standard VS. result” and “suggested standard V. result”, respectively.

Figures 18 shows a specific cost table of a specific process.
Manufacturing cost in each manufacturing steps of the sheet metal parts is
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calculated the following formula.
Manufacturing cost = (machine working time) X (machine charge)
+(add) (operator working time) X (operator charge)

Figure 19 shows a block diagram of cost calculating of a process
where the working time and the costs are calculated.

Figure 20 shows an example of comparing between standard cost VS.
result cost which are automatically calculated for bending process of the target
part P01-0516. In the table, @ means cost at one quantity of the target part.
The figures in the () are in case of three quantity of the part. Standard 1 means
the cost calculated as produced in the current machine, and standard 2 means
the cost calculated as produced in the suggested machine.

The “standard 1 VS. result ” in the penultimate line of the table shown
in Figure 20 is calculated in a manner of “standard 1  -(minus) result” and
means and expressing the shortening of working time by improvement. On the
other hand, the “standard 2 VS. result ” in the bottom line of the table shown in
Figure 20 is calculated in a manner of “standard 2 ~(minus) result” and
expressing degree of achievement against the target (standard).

Figures 21 and 22 show examples of display of comparing between
“current standard VS. result” and “suggested standard VS. result”, respectively.

Figure23 shows automatically created standard time and cost on each
working processes and on each parts at a graph.

Figure24 shows automatically created result time and cost on each
working processes and on each parts at a graph. A working result cost of a
specific parts is calculated by adding the each cost of each processes displayed
in Figure 24. Therefore, profit increasing is gained by comparing the current
cost (¥643) and the result cost (¥332) shown in Figure 25. In this case, the

profit increase depends on the comparison (¥311).
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The above descriptions referring to Figures 8~25 are structures and
operations of the other embodiment of the customer support system 100
according to the present invention. The procedure in the customer support
system 100 will be described hereinbelow, for example a target part P01-0516
of a sheet metal part, especially the bending process other than the punching
process, the de-burring process, forming process, the tapping process and other
process. '

First of all, when an operator select the target part P01-0516 on the
display of the AMNC 112, the working standard creating/procedure S40
shown in Figures 13A and 13B is proceeded by the automatic CAM
component 108, the3D (third dimension) assembly drawing constructing
component 106 and the parts data managing component 104, then the working
standard of the target part P01-0516 is stored in into the standard data base
(STANDARD D.B.) in the parts data managing component 104 shown in
Figures 13A and 13B and transmitted to the virtual factory management
system 102 and stored in into the standard data basé (STANDARD D.B.)in
the virtual factory management system 102 and transmitted through the virtual
factory management system 102 to the call center 110 to be stored therein as
shown in Figure 8. The detailed process is shown in Figures 13A and 13B and
as described hereinabove. |

Next, the working result collection/procedure S50 shown in Figure 14
is proceeded by the automatic CAM component 108, the3D (third dimension)
assembly drawing constructing component 1.06 and the parts data managing
component 104, then the working result of the target part P01-0516 is stored in
the result data base (RESULT D. B.) shown in Figure 14 and transmitted
through the virtual factory management system 102 to the call center 110 to be
stored therein as shown in Figure 8. The detailed process is shown in Figure 14
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and as described hereinabove.

Then the working standard 1 (current), the working standard 2
(suggestion), the working result , the working standard 1 VS. the working
result and the working standard 2 VS. the working result are displayed as a
table as shown in Figure 15 in a display (for example CRT) installed in the
virtual factory management system 102. Here, working standard 1 (current) is
gained by the operation by a current machine (for example RG80 (machine
name)) which is installed in the factory. On the contrary, the working standard
2 (suggestion) and the working result are gained by the operation by a new
machine (for example HDS8025 (machine name)) which is installed another
location in the factory or on the sales promoted as a suggestion or proposal.

When the operator clicks or operates the display of the virtual factory
management system 102, the table shown in Figure 15 is changed into the
graphs shown in Figures 16 and 17. Then the operator can easily understand
the working result is shoot time in comparing to the standard 1 (current).

Furthermore, in case the operator wants to know comparisons of costs,
the system 100 calculates costs of the target part P01-0516 by the calculating
formula stated hereinabove and using the table and flow shown in Figures 18
and 19.

Then the working standard cost 1 (current), the working standard cost
2 (suggestion), the working cost result , the working standard cost 1 VS. the
working result cost and the working standard cost 2 VS. the working result cost
are displayed as a table as shown in Figure 20 in a display (for example CRT)
mstalled in the virtual factory management system 102.

When the operator clicks or operates the display of the virtual factory
management system 102, the table shown in Figure 20 is changed into the
graphs shown in Figures 21 and 22. Then the operator can easily understand
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the working result cost (962%/@) is decreased in comparing to the standard
cost 1 (current) (1,616%/@).

Furthermore the operator clicks or operates the display of the virtual
factory management system 102, the table shown in Figure 23 is displayed in
the virtual factory management system 102. For example, current punching
cost of a side cover among the other parts (front cover, stay column, base part,
attachment plate, and insert part) is ¥99 (punching machine cost ) and ¥280
(operator cost) , totally ¥379. Current bending cost of the side cover is ¥96
(bending machine cost) and ¥168 (operator cost) , totally ¥264. Then the total
cost of the side cover is ¥643(¥379 + ¥264).

On the other hand, result punching cost of the side cover as shown in
Figure 24 is ¥60 (punching machine cost ) and ¥140 (operator cost) , totally
¥200. Result bending cost of the side cover is ¥48 (bending machine cost) and
¥84 (operator cost) , totally ¥132. Then the total result cost of the side cover is
¥332(¥200 +¥132).

Then the operator can recognize that the factory can gain the profit
increase ¥311(¥643 - ¥332) as shown in Figure 25, in case the target part
named the side cover is manufactured by the new machine, HDS8025
(machine name) instead of the current machine, RG80 (machine name) which
is already installed and used in the factory.

As described above, the present invention provides a customer
support method and a customer support system 100 where a factory can easily
know how to change machines to be used to gain the profit increase.

Although the invention has been described with reference to several
exemplary embodiments, it is understood that the words that have been used
are words of description and illustration, rather than words of limitation.

Changes may be made within the purview of the appended claims, as presently
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stated and as amended, without departing from the scope and spirit of the
invention in its aspects.  Although the invention has been described with
reference to particular means, materials and embodiments, the invention is not
intended to be limited to the particulars disclosed; rather, the invention extends
to all functionally equivalent structures, methods, and uses such as are within
the scope of the appended claims.

In accordance with various embodiments of the present invention, the
methods described herein are intended for operation as software programs
operating on a computer processor. Dedicated hardware implementations
including, but not limited to, application specific integrated circuits,
programmable logic arrays and other hardware devices can likewise be
constructed to implement the methods described herein. Furthermore,
alternative software implementations including, but not limited to, distributed
processing or component/object distributed processing, parallel processing, or
virtual machine processing can also be constructed to implement the methods
described herein. '

It should also be noted that the software implementations of the
present invention as described herein are optionally stored on a tangible storage
medium, such as: a magnetic medium such as a disk or tape; a magneto-optical
or optical medium such as a disk; or a solid state medium such as a memory
card or other package that houses one or more read-only (non-volatile)
memories, random access memories, or other re-writable (volatile) memories.
A digital file attachment to email or other self-contained information archive or
set of archives is considered a distribution medium equivalent to a tangible
storage medium. Accordingly, the invention is considered to include a tangible
storage medium or distribution medium, as listed herein and including

art-recognized equivalents and successor media, in which the software
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implementations herein are stored.

Entire contents of United states Patent Application No. 10/936,498
(filed on September 9, 2004) are included in the specification of the present

application as reference.
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CLAIMS

1. A method for centraily monitoring a plurality of machines running at
remote customer sites and providing customers with adequate support, the
method comprising:

collecting machine operating data for each process stage at the
customer site;

analyzing, at a central location, the collected machine operating data
for one of the machines;

proposing to a customer a solution based upon the analysis;

implementing the solution; and

continuously collecting data to check effectiveness of the installed
machines to verify the solution works.

2. The method of claim 1 further comprising researching a machine status

before machine installation.

3. The method of claim 1, in which the proposing further comprises

proposing a profit increase based upon current data.

4. The method of claim 1, in which the analyzing further comprises
comparing a manufacturing time for a product after an upgrade with a target

manufacturing time for the product.

5. The method of claim 1, in which the analyzing further comprises
comparing a newly installed machine's performance with a target machine's

performance.
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6. The method of claim 1, in which the analyzing further comprises
compating a processing time for a product on a newly installed machine with a

known average processing time for the product.

7. The method of claim 1, in which the analyzing further comprises

analyzing a long term trend.

8. The method of claim 1, in which the machine operating condition data
comprises a machine operation log, graphics images of the operating machine,

a maintenance history, and a history of purchased parts.

9. A method for installing a new machine comprising:

frequently recording machine operating conditions for the machine,
including information for each process stage, which was installed at a remote
location; |

analyzing the recorded data at a central location;

suggesting new products and/or services to solve problems found
through analysis;

ordering new products immediately; and

after the new products are delivered, continuously monitoring

installation effectiveness.

10. A method for maintaining a machine installed at a remote location,
comprising:
frequently recording machine operating conditions for each process

stage;
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analyzing the collected data;

suggesting machine maintenance or pazts to solve a problem found
through analysis;

immediately ordering and delivering parts that solve the problem;

reporting the problem and solution to the customer; and

continuously monitoring the machine to verify that the problem was

solved.

11. The method of claim 10, in which the problem comprises a problem

predicted based upon a history of machine operating conditions.

12. The method of claim 10, in which the problem comprises a current
problem detected from decreased performance indicated by the machine

operating conditions.

13. A system for providing customer support of newly upgraded machinery
and/or newly installed machinery, comprising:

a plurality of machines to be monitored, each located at a customer
site; -

an operating data monitoring and collection system that monitors the
machines; and

a call center that receives data from the operating data monitoring and
collection system, including data for each process stage, and records the data

for analysis.

14. The system of claim 13, further comprising a plurality of portable devices

that communicate with the call center, the portable devices being operated by a
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sales representative or a service engineer.

15. The system of claim 13, in which the analysis further comprises
comparing a manufacturing time for a product prior to an upgrade with a

manufacturing time for the product after the upgrade.

16. The system of claim 13, in which the analysis further comprises
comparing a newly installed machine's performance with an old machine's

performance.

17. The system of claim 13, in which the analysis further comprises
comparing a processing time for a product on a newly installed machine with a

known average processing time for the product.

18. The system of claim 13, in which the data comprises a machine operation

log, and graphics images of the operating machine. |

19. The system of claim 14, in which one of the portable devices collects
data for each stage of a process by transmitting to the call center a indication of
a beginning of the process, and when the process completes, transmitting to the

call center an indication of an ending of the process.

20. The system of claim 13, in which the call center prepares a proposal

based upon the analysis, the proposal being presented to a customer.

21. A method of customer support, comprising the steps of:

calculating a standard working time of a target part according to a
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standard working process;
collecting a result working time which are derived from the actual
manufacturing process of the target part according to an actual working
process at the customer;
converting the standard working time into a standard cost;
converting the result working time into a result cost; and
comparing the result cost with the standard cost to calculate a profit

increase.

22. The method of claim 21, further comprising the step of:

proposing to the customer a solution based upon the profit increase.

23. The method of claim 22, wherein
at the proposing step, in case the profit increase is positive, the system
proposes to the customer through a display installed at a customer’s factory to

change the actual working process into the standard working process.

24. The method of claim 21, wherein
at the result working time collecting step, the result working time is
automatically gained in a numerical control system of a machine installed at a

customer’s factory.

25. The method of claim 24, wherein

at the result working data collecting step, a part of the result working
time is manually gained by an operator, and the operator input the information
data into the numerical control system of the machine installed at the

customer’s factory.
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26. A customer support system, comprising:

a plurality of machines to be monitored, each machines being located
at each of customer’s factories;

a plurality of numerical control systems installed in the respective
machines;

an automatic CAM component which creates standard working
process and calculates standard working time; and

a virtual factory management system calculating a result cost of the
each parts by using actual working data which are actually derived from the
actual manufacturing by the machines, the virtual factory management system
also calculating a standard cost of the each parts by using the standard working
time,

wherein the virtual factory management system compares the

standard cost with the result cost.

27. 'The system of claim 26, further comprising:

a call center analyzing the standard cost and the result cost which are
received from the virtual factory management system,

wherein the call center proposes the analysis to the customer through

a display installed at the customer’s factory.
28. The system of claim 26, wherein
the actual working data comprises a result working process and a

result working time.

29. The system of claim 26, wherein
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the data of the result working process is automatically gained in the

numerical control system.

30. The system of claim 27, wherein |

in case the analysis is positive profit increase by comparing the result
cost with the standard cost, the system proposes to the customer through the
display provided in the virtual factory management system to change the result
working process into the standard working process.

31. The system of claim 26, wherein
a part of the actual working data is manually gained by an operator,

and the operator inputs the information data into the numerical control system.
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