R LTEES - LAY

Introduction of the Tire Pressure Detection/Adjustment System

Introduction of the Tire Pressure
Detection/Adjustment System

Shu-Lung Wang ~ Win-Xian Liao™ ~ Szu-Cheng Peng

Department of Mechanical Engineering Nanya Institute Technology,

Chung- Li, Taiwan 320, R.O.C

Abstract

In modern vehicles, mechatronic systems are increasingly used. To improve
reliability, safety and economy, an early recognition of tire pressure detection is
becoming increasingly important. In this paper, we describe the tire pressure
detection/adjustment system that we designed is able to solve the problem which current
single monitoring mode fails to deal with the actual control of the pressure. The design
of this system will provide four modes accordingly: 1.the senor and adjustment of
vehicle loading capacity (to coordinate with restarting after a stop or midway change of
loading); 2.Low-speed (normal) running; 3.Bumpy road running; 4.High-speed running.
When the vehicle is running, ECU will decide on the above modes and make an
adjustment on the tire pressure for maximum safety.
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1. Introduction

Since the development of automobile industry for hundred years ago, we have
witnessed the continuous improvements on its science and technology. These great
developments include the comfort, manipulation, humanization, intellectualization, and
computerization. The large variety of basic and optional equipments for automobile is
even a feast for the eyes. However, safety-related inventions and equipments seem not
sufficient. In view of this, we have devoted to a design that enhances safety in vehicles.
At present, the monitoring of tire pressure is an important concern of the automobile
industry. More and more vehicle manufacturers had included the tire pressure real time
monitoring system as one of the basic equipments. The US government has even passed
the law. This explains the importance of tire pressure monitoring. The system that we
designed aims at this matter. The 2000 TREAD Act which requires automakers to
gradually provide tire pressure monitoring systems for vehicles sold in the US will
correct this problem for new vehicles[ 1 ]. The TREAD Act will also reduce energy use
because it demands that manufactures install a tire pressure monitoring system (TPMS)
in the future automobiles[2].The German Umweltbundesamt reports a 30% reduction
in a tire’s rolling resistance can reduce a vehicles fuel consumption from 2% to 6%,
depending on driving conditions and other factors (Friedrich, 2002) [3].The National
Center for Statistics and Analysis of the USA (NCSA) have conducted a comprehensive
tire survey in February 2001 (Department of Transportation, Docket no.
NHTSA2000-8572).The total of 11,530 vehicles have been inspected at gas stations
selected randomly throughout the USA. The survey indicated that 30% of the drivers of
passenger cars check the pressure in tires at least once a month, but about 7% do not
check the pressure at all[4]. Under accelerating conditions, the tire/road noise

represents the largest percentage of noise, after engine noise. Consequently, reduction of
the tire/road noise is very important issue [5].Both the under-inflation and
over-inflation of tires will affect car safety. The existing tire pressure monitoring
systems provided by vehicle manufacturers have a data discriminating function only.
Though they help drivers understand the real time tire pressure data, they are not able to
change the actual tire pressure instantly. In case of massive leakage of tire pressure
when the vehicle is running with a high speed, or in case of under-inflation of tires
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which requires a pit stop during a long car journey, those systems will leave drivers in a
helpless situation.

The Tire Pressure Adjustment System that we designed is able to solve the problem
which current single monitoring mode fails to deal with the actual control of the
pressure. The instant control of tire pressure is no doubt important, but it is also
important to note that different running speeds, different road conditions and even
different loading capacities (men, goods) require different tire pressures. Therefore, the

design of this system will provide four modes accordingly:
(a) The senor and adjustment of vehicle loading capacity (to coordinate with restarting

after a stop or midway change of loading); (b ) Low-speed (normal) running; ( ¢ ) Bumpy
road running; (d) High-speed running.

When the vehicle is running, ECU will decide on the above modes and make an
adjustment on the tire pressure for maximum safety. This case focuses on designing a
full automatic system that has not only the monitoring function, but also the capability
of adjustment control without additional power supply. It converts the existing kinetic
energy and work together with ECU and other parts, accessories and the operation of a
screw compressor to deal with various road conditions and contingencies so that safety,
convenience, energy saving and driving comfort can be achieved.

This system presses signal of transmission the induction by the microwave
technology and the RFID technology as the embryo Presses the driving in embryo the
data to inform immediately ECU Again pressurizes after the ECU distinction, the
decompression, accumulation of pressure of organization and the barometric pressure
part the constant voltage three kind of controls condition actuation design (solenoid
valve and so on..) Beautiful t gathers Achieved its system does moves the goal to
achieve in the driving the entire automatic monitor and the control.

Tire pressure increasing and decreasing can reach the suitable tire pressure for
driving. It also can detect the load on the vehicle and make necessary tire pressure
adjustment automatically, For driving on the rocky road, the tire pressure also can be
adjusted automatically to meet the safety standard(embryo presses standard value
control) The basic four tires to press the standard control (to need to stop gasification).
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2. Description of System Design Mechanism

(a) Construction Assembly

The drawing on the right is the assembly drawing of this design system (pneumatic
components not included). At present, there are many types of transmission systems and
suspension systems for vehicles on the market. Therefore, the construction of this
design was also modified for the integration into different transmission systems and
suspension system. Explanation on the Operation of Construction System When the
vehicle is running, the turning force of the transmission shaft (Fig.2a) is utilized to drive
the timing pulley (design as shown in the construction of Fig. 2b). The electromagnetic
clutch (design as shown in the construction of Fig. 2b) actuates the screw compressor
(Fig.2b) to compress the air and store it in the pressure accumulator (Fig.2c).The
pressure limit of the accumulator must follow the control of the pneumatic device and
ECU and give instructions to the electromagnetic clutch to stop the pressurization. The
compressed air passes through the air outlet of the pressure accumulator and flows into
the air inlet seat (Fig.2d), then into the transmission shaft (Fig.2a) and aluminum ring
(Fig.2f), and finally gets into the tire for pressurization. In the meantime, the sensor
inside the tire reports the pressure value to ECU. If the set point of the specific mode is
satisfied, the construction will stop operation. It will restart operation when ECU
determines another mode when the car is still running.

(b) The Components of Supercharger

This construction design (Fig.3) show integrates the timing pulley, timing belt,
clutch, screw compressor into a single construction. Screw compressors, as shown in the
diagram on the right, are common on the market. In view of this, the supercharger

components of this design can be used together with a screw compressor.
(c) Air Inlet Seats

The air inlet seat, as shown (Fig.4) in the diagram on the right, is fixed on the
transmission shaft. The parts with hard chrome electroplates on the two sides should
match the transmission shaft. The groove in between the electroplating must also stick
to the air inlet groove to form a loop for air inlet. The oil filling hole is used for
lubricating the bearings and isolating the air, while an oil seal should be installed on the
other side.
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(d) Transmission Shaft
The diagram as shown( Fig.5 )on the right is the display drawing of the front part of
the transmission shaft. As shown in the diagram, the air inlet groove connects to the
groove in between electroplates at the air inlet seat to form a loop of air inlet. Air flows
into air inlet A, as shown in the below sectional view, and enters the wheel rim
(@luminum ring).
PS: The connecting point for air inlet groove and air inlet seat should be on the inside
of the universal joint
(e) Wheel Rim (Aluminum Ring)
In the (Fig.6) diagram, the air inlet A (in the middle of wheel ring) connects to the
air outlet of the transmission shaft. The air flows from the air inlet B into the tire

through the route as described in the sectional view.

3. Explanation of System Computer Mode

The design of this system will provide four modes (Fig.7) show accordingly:
(a) Normal Mode.

This mode emphasizes on examining the tire pressure instantly upon the start of the
vehicle. Due to different loadings (the amount of passengers, goods or luggage etc), the
weight of the vehicle changes and adjustments to the tire pressure must be made.
Normally, for a 2000cc medium sized car with 195/60-15 tires, a tire pressure of 2.2-2.4
(kg/cm?) for both the front and back wheels should be fine. But for cars that often carry
many passengers or goods, the required pressure should be 0.1-0.2 above the normal
value. Therefore, this mode can react to the above situations and make an adjustment
according to the set standard values. The adjustment is completed once the vehicle is
running. The tire pressure measured on this mode after the adjustment will become the
new memorized value. The other three modes will make judgments based on this
memorized value until a new memory is generated by a change of loading. In such case
it will abandon the old memory and use the new memory.

(b) Low-Speed Mode
The set speed of this mode is 0~80(km/h). When the speed is between 0 and 80, the
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tire pressure is the memorized value as examined by Mode 1 (Normal Mode). This tire
pressure is also the safest value according to the current condition. If the condition does
not satisfy the requirements for High-Speed Mode or Bumpy Mode, the tire pressure of
this mode will be maintained.
(¢) Bumpy Mode

If the vehicle is running on a bumpy road with a speed within the range of the
Low-Speed Mode, the sensor will transmit the message to ECU. Meanwhile, the tire
pressure will be adjusted accordingly. When the vehicle has passed the bumpy road,
the tire pressure will resume to that of the Low-Speed Mode. Normally speaking
(excluding other factors), when the normal tire pressure is 28~30 (psi) , 30psi will be
generally used. In a poor road condition where the traction of the road surface is not
good, the tire pressure will be adjusted to 28psi to give a better traction, in order to
extend tire life and maintain road safety. When the irregular area of thrust surface
enlarges so to have the reduced pressure to whip safe (pressure of this pressure and the
low speed travel not equally coordinates empirical datum standard value) (below
hypothesis speed 40km and bumper sub to induce time frequency value enhancement)

(d) High-Speed Mode

The set speed for this mode is 80 km/h and above. When the driving speed exceeds
80km/h, it satisfies the condition for the High-Speed mode and the tire pressure will be
adjusted instantly. Normally speaking (excluding other factors), when the normal tire
pressure is 28~30 (psi) , 30 psi will be generally used. In case of running on a super
highway, the tire pressure can be adjusted to 32 pounds to avoid refraction of tire walls
that may cause tire puncture. However, to avoid the adverse effect, the tires should not
be over-inflated. We all know that the pressure inside the tires will increase when the
weather becomes hot. So, the weather factor is also considered in the ECU judgment. In
the extremely hot summertime, the tire pressure should also be increased appropriately
in order to help the tires cool down. Due to global warming, (the extremely hot summer
or high speed travel to pressurize in order to radiate, it will be gradually the few tires
and the ground contact are become a major concern in the future.)
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4. Conclusions

(a) If the tire pressure is insufficient, do not drive the vehicle or leave the vehicle in
parking for a long period. The problem should be dealt with immediately because this
will cause damage and deformation to the tire walls and tire surface. Above all, such
damage and deformation are sometimes not easy to be observed by naked eyes, but
these will create a serious crisis to road safety potentially. Even more, if the problems
happen to one of the tires or one side of the vehicle, the balance of manipulation will be
lost. Even if a slight insufficiency of tire pressure can at least cause an increase of
abrasion to the tires. This design system will solve the above problem.

(b) An over-inflation of tires will decrease the ground contact area and cause rough
performance, tire deformation and difficult tire tracking. Furthermore, the abrasion at
the center of the tire will be larger than that at the two sides, which is an abnormal
condition. Therefore, frequent inspection of tires should be carried out even if the car
runs on ordinary roads. This design system will solve the above problem.

(c¢) An under-inflation of tires will cause make turning difficulty, meaning that the
steering wheel will become very heavy. The engine requires more power to drive the
tires. Therefore, insufficient tire pressure will cause fuel consumption because the
ground contact area for the tires becomes larger. In addition, insufficient tire pressure
will accelerate the aging of tires. When the tire pressure is insufficient, the two sides of
the tire surface will be worn. This will create a potential danger as the tires could be
punctured when the vehicle is running with a high speed. For these reasons, a proper
maintenance on tire pressure ensures road safety. This design system will solve the

above problem.
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Fig.1 Assembly of design system diagram
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Fig.3 The Components of supercharger diagram
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Fig.4 Air inlet seats diagram

Fig.6 Wheel rim (the air inlet diagram )
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The core of this system is an ECU microcomputer control. It monitors the digital signals from various sensors.
After synchronous high-speed logic computing by ECU, the correct executing instructions such as the operation of
supercharger, the operation of clutch, the setting of tire pressure and the pneumatic device are given to various
executing components through synchronous high-speed delivery.

Pneumatic Device Sensor (Instant Tire Pressure]
(Solenoid Relief Valve) ECU
Feruke Speed (Speed per hour)

programs
Monitating D included)
mﬁ’ﬁ"ﬁg'“"“ Vibrator (Frequency Value)

<Required
by Bumping Mode>

Environment Temperature

Fig.7 Explanation of system computer mode

54




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


