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Using technology to improve tire test data
By Christina Felix

Executive summary

Commercial Timesharing Inc.

Advances in acquiring, storing and reporting measurements from equipment
in the final finish department have created the ability for tire manufacturers to
monitor their end product actively for
statistically relevant trends that can
point to upstream product, machine and
process issues.

TECHNICAL NOTEBOOK
Edited by Harold Herzlich
Today’s high-end testing equipment
can collect increasing amounts of more
accurate data in even faster cycle times
than before. This is changing the requirements that manufacturers have for
their data information systems.
Historically, to evaluate a tire uniformity machine waveform metric such as
radial force variation, it was sufficient
to calculate and store basic measurements (such as peak-to-peak and the
magnitudes from the first few harmonics). Not only do these harmonics make
the largest contributions to problems
with the ride of the tire, but they also
are traceable to established upstream
causes in curing and tire assembly.
Now, manufacturers are interested in
much higher harmonics of a waveform,
looking for additional improvements in
curing and tire assembly and even potential improvements in component
preparation.
But while these advances have continued to provide a greater data volume for
evaluation of product and process,
analysis efforts have been concentrated
on increasing available data and reporting production trends through the use of
traditional tools such as tabular/statistical process control (SPC) graphic reports
and spreadsheets.
The consequence of this focus has not
allowed tire manufacturing quality
analysis to keep pace with business intelligence (BI) technology developed
specifically for and proven effective by
analysts in the retail and financial industries.
This trend is reminiscent of the slow
move of computers to the factory floor
following their introduction to the “top
floor” financial departments of business
and industry during the 1980s.
This paper will discuss two specific
limitations imposed by traditional data
acquisition methodology and tools currently used by many in the industry to
analyze tire test data, and how adoption
of current manufacturing intelligence

Tire manufacturers can use improvements in acquiring and storing measurements from equipment in the final finish area, as these advances have created
huge amounts of data for tire makers to use to monitor production actively for relevant trends that can pinpoint upstream product, machine and process issues.
However, organization of that data is traditionally optimized for efficiency (real
time transactions) instead of effectiveness (right time queries). As a result, end
users can lose productive hours finding problems instead of fixing them.
This paper discusses how manufacturers can use proven manufacturing intelligence (MI) methodologies and tools to extract relevant information from large,
complex sets of tire test data. With visual results, trend alerts and the ability to
quickly perform ad hoc analysis, users can more efficiently identify problems
without the traditional drain on IT resources.

(MI) methodology and tools (based on BI
principles) can overcome those limitations to allow quality engineers to spend
less time tracing problems back to their
root cause and more time fixing them.

Lack of agile analytics
Over the years, integration between
plant data systems, along with serialized barcoding of product, have allowed
tire manufacturers to provide product
traceability.
Tire test results from the final finish
department can include enough information about upstream processes (such
as build machine and curing press cavity/mold identification) to give first responders some ideas about where to go
next when troubleshooting degrading
tire yields.
But to identify trends, first responders still are typically using tools such
as tabular reports, traditional bar
graphs, and other SPC charts. The use
of these tools makes finding trends (other than obvious or highly variant ones) a
labor-intensive effort that often requires
them to already know what they are
looking for.
Contrast that method with the use of
dashboard, heat map, and drill-down
tools commonly offered by MI vendors.
Fig. 1 is an example of a dashboard
designed to monitor performance of a
plant based on the data acquired from
the final finish department. The plant
has identified several key performance
indicators (KPIs) that provide insight
into the success of various aspects of the
manufacturing process. These metrics
are displayed visually, along with the
context of acceptable ranges and goals.
KPIs can be designed around both industry standards and the tire manufacturer’s unique expert knowledge about
their particular products and processes.
This approach allows this expert knowl-
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edge to be disseminated throughout a
department, plant or even the enterprise, keeping trends, goals and any adjustments visible.
In Fig. 2, each of the reports is showing information about the yield of various Tire IDs. The total number of tires
tested along with the yield (the percentage that have passed inspection) is represented in each.
The difference is that the heat map is
providing contextual information visually. The total area of each rectangle represents the number of tires tested for

each Tire ID and is relative to the entire
set of tires tested. The color of each rectangle represents the yield of each Tire
ID. The coloring is scaled so that acceptable yield percentages are in the green
range and substandard yield percentages are in the red range.
As a result it is immediately clear
which Tire IDs have low yields and
whether they account for a significant
portion of tires tested. Even without this
explanation, the visual clues are so
strong that most viewers will have immediately assumed that the bigger and
redder the box, the “bigger and badder”
the problem.
Once an issue has been identified, the
next step is to start drilling down into
root causes so it can be corrected. The
responding quality engineer will want to
know more about the specific measurement tests that have caused the tires to
fail and the history of those tires
throughout the plant.
In the drilldown tool in Fig. 3, the
user is able to select test results along
with upstream departmental information and visualize the contributions of
each piece to the whole.
The query initially is limited to a Tire
See Tire, page 16
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Tire
Continued from page 15
ID identified as having a low yield, and
in the first column there are two sets of
tires, those that passed and those that
failed, along with their total contribution, 75 percent success and 25 percent
failure.
We’re going to take a look at the history of the failed tires first, but we may
want to compare that to the history of
the tires that passed as well. Once the
set of failed tires is selected from the
first column, the second column is automatically populated with the various
causes of failure and their percentage
contribution to the set of failed tires.
The second column leaves no doubt
that the leading contributor to testing
failure is an out-of-range radial peak-topeak (RPP) measurement.
Now the third column can be set to investigate equipment from various upstream departments. In the first image,
the user has selected the curing equipment, and it is clear that many different
curing presses contributed fairly evenly
to the set of tires with a failed radial
peak-to-peak, eliminating the possibility
that the root cause is related to a particular curing press needing maintenance
or calibration.
This high-level check of that department allows the user to quickly move on
to other possible causes.
In Fig. 4, the user changes selections
so that the tire building machines are
selected, and in this department there is
a much smaller group of contributing
equipment. This lead is more promising,

and the user can choose to investigate
further, in this case checking the distribution of machine operators.
This tool is designed to be fairly free-

form and presents data in ways that can
help direct the user’s attention to the
largest contributing factors to a problem. In practice, an experienced quality

engineer may have a set of initial questions that should always be answered at
the start of an investigation, and will
lead to follow-up questions.

Fig. 5. Operational databases are generally OLTP (on-line transactional processing) and are designed for efficiently processing a large
number of small transactions in real-time. By contrast, a data warehouse for MI is generally OLAP (on-line analytical processing) and is
designed to organize and aggregate data into a logical and responsive analytical tool, as achieved through a specialized structure.

Fig. 1: An example of a dashboard designed to monitor performance of a plant
based on the data acquired from the final finish department.

Fig. 3. In the drilldown tool, the user is able to select test results along with upstream departmental information and visualize the contributions of each piece to
the whole.

Fig. 2. Each report is showing information about the yield of various Tire IDs. The
number of tires tested along with the yield is represented in each. The difference is
that the heat map is providing contextual information visually. The total area of
each rectangle represents the number of tires tested for each Tire ID and is relative
to the entire set of tires tested. The color of each rectangle represents the yield of
each Tire ID. The coloring is scaled so that acceptable yield percentages are in the
green range and substandard yield percentages are in the red range.

Fig. 4. The user changes selections so that the tire building machines are selected,
and in this department there is a much smaller group of contributing equipment.
This lead is more promising, and the user can choose to investigate further, in this
case checking the distribution of machine operators.
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In that case a preconfigured dashboard can be designed around the most
useful questions, and shared with other
engineers who are performing in a similar role.
Some aspects of the visual tools presented in this section can be implemented in the final finish department based
on the typical data on hand, but getting
to root cause with the drill-down tool is
not easy due to the second limitation:
current scope of data available to the final finish department.

Fig. 6. A typical setup, where the OLAP cube is laid out with its structured multi-dimensional content, which can be dragged
onto filters, rows, and columns in a workspace. Visualization tools can be applied to the data to facilitate trend-spotting.

Limited scope of data
While acquiring more data within a
tire’s test result has made it possible for
a plant to identify trends of interest,
only a small part of a tire’s total history
is provided within a typical final finish
department data acquisition system.
Efficiently drilling down to discrete
upstream contributors requires quick
and easy access to details maintained
within disparate departmental databases. For example, the final finish product
traceability record for a tire may include
a curing press cavity and mold ID, but
the only way to find out the last time the
mold was cleaned is to look at data
maintained exclusively within the curing department.
So looking at typical final finish test
data initially limits the quality engineer
to a narrow picture of the upstream
processes that contributed to the final
product. To perform agile, advanced
product and process analysis, the information in disparate databases must be
readily accessible.
To fill the basic need for increased
data availability, some tire manufacturers have turned to granting direct access
to operational databases so their quality
engineers can import specific information from different databases into local
user spreadsheets.
Within the spreadsheet, quality engineers then typically apply a variety of
sorting methods or specialized functions
to look for root cause associated with
problems they have identified.
This approach makes the data available without any initial investment into
data preparation, but a database designed for running day-to-day manufacturing operations differs in many aspects from an ideal source for analysis.
Operational databases are generally
OLTP (on-line transactional processing)
and are designed for efficiently processing a large number of small transactions
in real-time. They are designed to handle mission-critical tasks in the production environment.
Any user-friendly components, such
as summary tables and denormalized
views, must be added to these databases
without interrupting their primary
functionality. After a few basic usability
additions, users may be left to join data
on their own within their spreadsheets
and accept long response times to
queries lacking supporting summary information.
The end-user eventually may become
adept at database table manipulation or
may have to rely on the IT department
to write specialized reports when new
questions are being investigated.
A consequence of this approach is
“spreadmart,” an environment where
users and departments create their own
individual silos of disconnected data, as
they manually do their own tedious data
integration.
After data is imported into spreadsheets for manipulation, information is
often irrevocably separated from its
source. It’s difficult to collaborate and
it’s difficult to validate the results

against a central source of truth.
By contrast, a data warehouse for MI
is generally OLAP (on-line analytical
processing) and is designed to organize
and aggregate data into a logical and responsive analytical tool. This is achieved
through a specialized structure.
An OLAP data warehouse contains
one or more multi-dimensional datasets
called cubes. Each dimension in a cube
contains a set of related descriptive information. For example a time dimension usually contains a calendar hierarchy of year, month, date and time, and a
curing press dimension might contain a
list of the presses in the plant along
with descriptive attributes such as press
size and type, current recipe, bladder
and mold ID, and date of last preventive
maintenance.
These dimensions form the structure
for the values of interest, referred to as
measures. Measures are usually numeric data points, such as the number of
tires cured and the measurement values
from various temperatures and pressures monitored during the cure.
In practice there can be many more
than three dimensions in a data cube,
but the physical cube shape is a good visual analogy for understanding how
OLAP data warehouses organize data
within a multi-dimensional framework.
An OLAP data warehouse is not designed to be real-time. Instead it will be
processed periodically on intervals determined by the needs of the organization and the amount of time required to
build the warehouse. This could mean
hourly, by shift, or daily.
Mission-critical production data may
be updated more frequently. Once it has
been processed, the result is a centralized location where disparate data
sources have been integrated and enhanced with additional aggregations,
business rules, and KPIs so that users
can quickly access understandable, contextual information.
MI provides proven methods for data
preparation and access which are scalable throughout an enterprise, from use
within a single department, to an entire
plant, and across the enterprise as a
whole.
Focused teams, managers, and executives can all benefit from access to efficient MI tools. A well-designed data

warehouse can service self-directed investigation or supply fast response
times on role-specific preconfigured reports and dashboards.
Earlier we saw an example of how a
first responder to degrading yield might
use intuitive visualizations to identify
the problem and a self-directed investigation of upstream data to react to it. In
the long term, proactive studies of tire
test results could actually benefit the
most.
Quality engineers will be able to take
self-directed investigation to new levels
when they have a responsive set of tools
for reviewing process data along with
correlating results.
Once the task of pulling out relevant
information is made into a simple procedure, engineers can use the time savings
to ask additional questions or to pursue

more complex analysis. Manufacturers
already have experience with changes
that may seem subtle, like finding the
optimal rotational placement of a green
tire within the curing mold, that have
led to improvements in yield.
When testing a high volume of tires,
even a small percentage increase in
yield can lead to a significant improvement in a metric such as overall equipment effectiveness (OEE). In this stage
of analysis, test data is used to optimize
procedures that are already considered
acceptable but can be improved.
Some types of procedural analysis
may require additional data collection,
but many questions could be answered
by data that is already collected but has
been logistically difficult to correlate to
final finish test results.
See Tire, page 18
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PolymaxTPE has developed a new
grade of TPEs the company claims is
suited for weather seal application that
requires low deformation stress, rubberlike seal recovery, UV resistance
and paint stain resistance.
PolymaxTPE, a maker of thermoplastic elastomers, has developed a new grade,
D6940, that the firm said offers low deformation stress, rubberlike seal recovery,
UV resistance and paint stain resistance.
PolymaxTPE said D6940 is a low hardness TPE elastomer that exhibits better
performance than that of thermoplastic
vulcanizate, widely used in weather seals,
by providing higher tear strength, lower
compression set and cost benefits.
With hardness reduced to 40 shore A,
PolymaxTPE said D6940 TPE exhibits
12 percent higher tear strength than a
weather seal grade TPV with 60 shore A
while providing low compression set of 14
percent at 23°C and 36 percent at 70°C.
For more information visit http://polymaxtpe.com/products/d-series/.

tables. This proposed Weiss chassis allowed LSP to readily implement its own
automation for two machine designs.
According to LSP Products, the series
features standard stationary post, center
standard through hole, high-load bearing
and large cam followers with needle roller
bearings for the following LSP polymer
plumbing part product applications:
● TC150-6 station/LSP profile: LSP introduced an in-line hammer arrester
made out of polymers vs. traditional copper. The patented, first of its kind in-line
polymer hammer arrester can be integrated into water connectors such as
washing machines, ice makers, dishwashers or directly into a plumbing system’s
piping to smooth out the pressure fluctuations associated with modern appliances.
● TC220-8 station/LSP profile: In production of its new, engineered polymer
push-to-connect valve to be used in
plumbing industry applications such as
toilets, faucets, etc.
For information, go to lspproducts.com.

Rep International has released an automatic stripping for pipe seals.

LSP Products Group Inc. has developed polymer products for the plumbing industry. With the development of
two small-size plumbing products that
were to be produced in ultrasonic and
spin welding operations, LSP said it was
looking for solutions to replace its manual assembly line processes and ineffective conveyor options.
The company contacted Weiss North
America Inc., a specialist for rotary tables
and automation, to discuss index table engineering solutions for LSP’s ultrasonic
and spin welding machine designs.
Originally, LSP said it was planning
on building and implementing automation internally on its own chassis; however, Weiss provided the company with
a 3D CAD model of a Weiss chassis
along with a unique configuration proposal based on its TC (150/220) Series

Rep International said it has found
a solution that offers customers a competitive and profitable turnkey product
for reduced size on the automatic stripping of EPDM pipe seals of any size. The
company reported the solution can be
matched to any seal size.
It is based on conveyor belts equipped
with rotating belts, Rep explained,
which allows for the individual stripping
of the seals. The spacing between the
bottom and top belts can be adjusted
and thanks to a mechanical stopper system, it is possible to switch from one
seal type to another, the company said.
To visit Rep’s website, go to www.repinjection.com.

Tire

be applied to the data to facilitate trendspotting.
With this kind of data empowerment,
engineers will be able to pursue questions that had been too logistically difficult in the past. If even one answer leads
to a process improvement, it can mean a
significant gain for the overall yield.

Continued from page 17
For example, while materials must always be used before their defined expiration date, a quality engineer may wonder if there is an optimal time period to
use a new material that will correlate to
the best yield results.
The required supporting data is already collected, but in many plants the
technical effort to integrate the data
from multiple departments for this
analysis could be prohibitive.
This is where an engineer can turn to
a drag-and-drop ad-hoc query tool to
compile supporting data and look for
trends.
Not only is the data available, but
there is no SQL knowledge required to
access it. There are many front-end tools
that make this possible. Fig. 6 shows a
typical setup, where the OLAP cube is
laid out with its structured multi-dimensional content, which can be
dragged onto filters, rows, and columns
in a workspace. Visualization tools can

APS Elastomers said it has formulated a proprietary thermoplastic elastomer for wheelchair grips.

Implementation considerations
The decision to implement MI practices for final finish test data is an enterprise decision requiring integration
with the upstream departments’ data.
Plant and Corporate IT departments
need personnel with the availability and
the skill set for managing the data
warehouse.
Generally a team devoted to MI is a
necessity, and they will work with the
existing IT department to design the implementation and gather changing requirements from different departments.
MI vendors must have good understanding of tire data to make an investment
cost-effective.
Part of the initial design will involve
dedicated hardware for the new analytical system. The warehouse is an inte-

APS Elastomers said it developed the
TPE with the precise feel and grip needed
for wheelchair users. The design increases the circumference of the hand rim to
minimize strain on hands, wrists and
forearms, APS said, while the improved
grip allows users to push with less effort.
Characterized by its soft feel and
cushioning nature, TPEs work well
alone or can be bonded to many other
harder substrates to improve functionality and design, the company said.
For information, go to www.apstpe.com.
PriPro Polymers Inc. has launched XLinked TPUs (crosslinked thermoplastic
polyurethanes) and TPEs (crosslinked
thermoplastic elastomers), which is a recently patented family of X-Link TPUs the
company said is resistant to abrasion,
chemicals and heat, and lasts longer than
standard polyurethanes and elastomers.
X-Link TPUs and TPEs can be customized for various industrial and consumer products, PriPro said, with current
applications including: agricultural heavy
equipment, specialty vehicles (omni-directional wheels), oil and gas industry specialty parts and mining screens.
PriPro reported it has developed four XLink urethanes for skateboarding: a 100A
durometer for street wheels, a harder 84B
for pro skater wheels, a 92A for bowl or
pool skating and 80A for soft cruiser
wheels. PriPro markets these wheels under its Kontrol Wheels division to many
private label brands, and the firm said.
For more information, visit its website
at www.PriProPolymers.com.
Sonderhoff Chemicals GmbH has released a two-component Fermapor K31
polyurethane foam sealing that seals off
control cabinet body and doors so that dirt,
dust and moisture are unable to penetrate
the interior and damage electronics.
Sonderhoff Chemicals offers a range of
characteristics according to the specific
type of material selected: short assembly
and tack-free times thanks to fast reacting Fast-Cure foams; high flame protection compliant with fire safety standard
UL 94 HF-1, suitable for indoor or outdoor use; excellent elastic recovery properties of the foam seals following compression; and excellent sealing properties
based on testing classifications defined by
NEMA for North America or the IP classes (ingress protection) in Europe.
Sonderhoff said these sealing properties increase the protection of electrical
grated, re-structured copy of data that
originates from many other locations. It
contains aggregations and often retains
more history than an operational database, making its total size larger than
the sum of its parts.
Many users may be accessing the system at once with complicated questions,
and the response time of the system will
directly impact their success. The design
stage must include a careful consideration of data size and usage to ensure
that dedicated hardware is sufficient for
the workload and scalable with increases in workload.
As with any new tools, users will need
some information and training on how
to use them. Depending on their role
their usage may vary greatly. Some
users will continue to use prepared reports that have new intuitive features,
better response time, and integrated
data. Quality engineers will additionally
require an overview of the new availability of data and the tools they can use
to pursue their own self-directed inquiries. The goal is to provide them with
tools that are more intuitive and complete than what they may have had ac-

and electronic components in control
cabinets against dust, rain, splash and
stream water, as well as fire.
The company’s fast reacting foam
seals for the sealing of control cabinets
and electronics housings allowing for
short curing times, Sonderhoff said, and
can be adapted to the customer's production speed and application process cycle.
For more information about Sonderhoff, visit www.sonderhoff.com.

Exair’s spray nozzle can coat, cool,
treat and paint in tight spaces.
Exair Corp. has released a spray
nozzle that can coat, cool, treat and
paint in tight spaces. Exair’s 1/4 NPT
internal mix deflected flat fan atomizing
spray nozzle both atomizes fluid and
sprays at a right angle to the nozzle orientation, according to Exair.
This allows spray to be placed precisely where it is needed when the mounting
and work areas are limited, Exair said.
Additionally, these nozzles are ideal for
coating the inside of enclosures and
ductwork, the company claimed.
The nozzles combine liquid and compressed air inside the air cap to produce a
fine mist of atomized liquid that can be
adjusted to meet application needs, Exair
said. These spray nozzles provide liquid
flows from 1.8 to 6.9 gallons per hour.
With Exair’s atomizing nozzles, a variety of products can be coated, cooled, treated and painted using compressed air and
liquids with a viscosity of up to 300 centipoise. Exair said they are used with water, light oils, rust inhibitors, chemicals,
paints and dyes.
The atomizing nozzles have stainless
steel construction, which adds to durability and corrosion resistance capabilities, the company claimed. Exair atomizing nozzles are available with 1/4 NPT
and 1/2 NPT connections and in a variety of sizes and shapes.
For more information, visit www.exair.com/smad.htm.
cess to in the past.
After the initial design and deployment, a continuing improvement plan
should be in place. As products and
processes evolve the system must evolve
with them. The insights gathered by analysts from their MI tools can be used to
design new KPIs and rules that are fed
back into the system to propagate the
knowledge. A review of common queries
can inform new targeted aggregations.

Summary
Testing innovation in the tire industry comes from experience, creativity
and technology. While experience provides the expertise necessary to identify
problems, technology is the key to efficiently using that expertise to quickly
identify and solve those problems.
The way in which MI is designed for
effectiveness (right time queries) instead of efficiency (real time queries) enables agile analysis that can foster the
creativity necessary to provide breakthrough improvement. This has been
proven in the retail and financial industries, and the time is right to prove it in
the tire industry.

