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˝ᤁᣤ̯ˉᏧణСॶᄉ᫇ᮤ˧ʶǌ˝ࣞүၸਖ਼

ଡᰳᤁᣤ߶КবǋᬋͯᤁᖸఴὋᬋͯᣂᑁ໓Ү

Ҧ௦ՉᣂᑁМՂᄉҰҦᄫಕǌᣂᑁ໓ҮҦᄉॕ

ገᣖܲὋൂځֽ ᑚᄉ໔Ր૮ܾ௦Ф˞᜵ຸǌᄫ

ґᆐቂ˞᜵̯ᣂᑁፆౝǋᔈጮ֖ᑚᦠழ3˓ழ᭦

ᬋͯᣂᑁ໓ҮҦὋଡӣஞᢻᄉፂ฿ব[1-5]ǌ

ఴࢹͺ᧓ၸథᬌЊ͋ᄽѫౡ[6]Ὃ̾ 205/55R16
ᣓᢻߔӤጲᣂᑁ˝ᆐቂࠪ៵Ὃॆґፆౝ

ழतበᤂͪᣂᑁ໓ҮҦഴۋὋᆐቂࣛోࡎᝇ

ऎǋࣛ ഴ᧙ࠪᣂᑁ໓ҮҦࡎᒞᐹည֖ࣛోࡎో

ᄉॕֽǌ

1ǊథᬌЊഴۋԢழ

1. 1Ǌഴۋ

Mooney-RivlinഴۋԺၸ̅ൂᑚᄉ˖ǋ࠴

Ԫ्ᆐቂὋʁ ᓉၸ̅ःԪܷጝ˝100%ᄉડͨः

Ԫ֖30%ᄉԌ᎕ःԪৰхὋФᛪय˝

 W C I C I3 310 1 01 2= - + -^ ^h h  1Ὀ
य˖ὋW˝ःԪᑞࠚऎὋC10֖C01˝ൂᑚ࣡ஜὋ

I1֖I2˝Ԫ्ष᧙ኃʶ֖ኃ̃ʿԪ᧙ǌ

ఴࢹͺӬᣈડͨណᰍᆷൂ߿ᑚᄉः

ҦˀःԪСጆὋណᰍԟஜՋC10֖C01ǌᣂᑁ

ൂᑚ᧓ၸMooney-RivlinഴۋଠᤗФҦߥব

Ὃࣛ ጲኍᰣࣕࡎጲǋᑁͳࣕጲ֖кࣛࣕࡎో

᧓ၸጲीবᤈᛠଠᤗ[7-8]ǌ

ൂᑚᄉዤीবྱड़࠭ᒰФԪ्ௐ̖ၶᑞ

᧙ᏱὋФ૮Ᏹഴ᧙ˀϱᑞഴ᧙˧ඊԀ˝ൂᑚ

ᄉ૮ᏱߔځtanįὈǌၸVR-7120ۋҮখҦߥ

ѫౡDMAὊ ఴUESHIMAМՂ̖ Ὀֵណᣂ

ᑁՉᦉѫൂᑚ60 ćௐᄉtanįǌ  

1. 2ǊథᬌЊഴۋ

    ѫ ࣊ ڎ ᧓ ၸHyperMeshᣃ ͇ ᄉ

CGAX4HὋCGAX3HὋSFMGAX1ӬЊ߸ᣂᑁற

᭦ഴۋὋФ˝ࣛጪՓ˞ᄉᣈࠪሥፆౝὋ1ڎݟ

ᇧǌ᧓ၸAbaqusᣃ͇ᄉ*SYMMETRIC MODEL 

GENERATION REVOLVE࠱̽ᣂᑁற᭦ഴۋ

ᣀὋၶ߸ஞᄉᣂᑁథᬌЊഴ[9]ۋὋ2ڎݟᇧǌ

1. 3Ǌழ

ᤤસࣛోࡎᝇऎǋࣛ ഴࡎᒞᐹည֖ࣛోࡎో

ۋ1Ǌᣂᑁற᭦థᬌЊഴڎ

ͺᏧኤ̭Ὑᦋᇕᇕ1988úὈὋႃὋ߶ॵ̠Ὃࢶ๑ൂᑚథ

ᬌМՂࢹር࣍ὋᆯܢὋ˞ ᜵̯̂ᣂᑁፆౝࢹͺǌ
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ۋ2ǊᣂᑁథᬌЊഴڎ

᧙3˓ߔځὋඇ˓ߔځథ8˓පࣰὋѽၸIsight
ᣃ͇ᄉណᰍழกၶ25˓ழǌ

2ǊథᬌЊഴۋᰍԢᣂᑁ໓ҮҦᄉኪ

2. 1ǊథᬌЊഴۋᰍ

ࠪ205/55R16ᣓᢻߔӤጲᣂᑁᤈᛠଋڠӾǋ

ଋڠӾᅽ्ညǋफ़ՓѷऎǋശՓѷऎ֖ጪՓѷऎ

ណὋណᰍࢹх˝Ὑ᠆ᕲǊ615 kgὋЌචԌҦǊ180 
kPaὋᜈᦠᣂᣞǊ6. 5Jǌ

ᣂᑁ͋ᄽ֖ࠃଋڠӾѫѾ3֖4ڎݟ
ᇧὋ͋ ᄽˀࠃଋڠবᑞࠪඊݟᛪ1ᇧǌ

Ӿڠଋࠃ3֖4Ժ̾ᄹѢὋᣂᑁ͋ᄽˀڎ̯

Ӿڠ3Ǌᣂᑁ͋ᄽଋڎ

Ӿڠଋࠃ4Ǌᣂᑁڎ

ᛪ1Ǌᣂᑁ͋ᄽˀࠃଋڠবᑞࠪඊ

ᮉǊǊᄫ ͋ᄽፆ౦ ፆ౦ࠃ

ଋڠӾᅽ्ည/% 79. 7 79. 6

फ़Փѷऎ/N·mm-1Ὀ 181. 9 183. 7

ശՓѷऎ/N·mm-1Ὀ 82. 9 84. 7

ጪՓѷऎ/N·mm-1Ὀ 223. 9 218. 0

۲ఴʶᒰǌ̯ᛪ1Ժ̾३ѢὋᣂᑁ͋ᄽଋڠӾ

ᅽ्ညǋफ़ՓѷऎǋശՓѷऎ֖ጪՓѷऎˀࠃፆ

౦ᄉឧࢿѫѾ˝0. 13%Ὃ0. 98%Ὃ2. 13%֖2. 71%Ὃ

ۋͺतᄉᣂᑁథᬌЊഴࢹὋఴځ5%ǌ̅࠴ڨ

௦эᆷᄉǌ

2. 2Ǌᣂᑁ໓ҮҦᄉኪ

ֆయЮᄉᑞ˓1ڙះःԪৰхʽὋᣂᑁڙ

᧙૮ᏱǻWὈ̋
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2r f dD = l  2Ὀ

य˖ὋEƍ˝ीবഴ᧙Ὃİ0˝ҮখःԪࣧǌ

Ѷ1˓ֆయЮᣂᑁᄉ໓Үᑞ᧙૮ᏱELὈ̋
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य˖ὋFR˝ᣂᑁ໓ҮҦὋRd˝ᣂᑁ໓ҮӦफ़ǌ

͋ᄽࢹхݟʽὙ᠆ᕲǊ492 kgὋЌචԌҦǊ210 
kPaὋᜈᦠᣂᣞǊ6. 5JὋ᧓ၸʼᤗᣂᑁథᬌЊഴۋ

Ժ̾३ҁʿՎழᄉᣂᑁ໓ҮҦὋݟᛪ2ᇧǌ

3Ǌፆ౦ˀᝦ

3. 1ǊՉࠪߔځᣂᑁ໓ҮҦᄉॕֽ

ѽၸIsightᣃ͇ࠪ͋ᄽஜᤈᛠѫౡ [11]ǌࣛ

ᝇऎǋࣛࡎో ഴ᧙ࠪᣂᑁ໓ࡎᒞᐹည֖ࣛోࡎో

ҮҦॕֽᄉ˞ःѫѾ5ڎݟú7ᇧǌФ˖Ὃ

ࠪߔځᣂᑁ໓ҮҦᄉ˞ः௦ڙߔځ౼

˓පࣰథណᰍ˖ֽःᄉࣰڨϘǌ

ᝇࡎ5Ժ̾ᄹѢὋᣂᑁ໓ҮҦᬣᅋࣛోڎ̯

ऎᄉܷܘᏪђ࠴Ὃ˄ ᬣᅋࣛోࡎᝇऎᤩຑܷܘὋᣂ

ᑁ໓ҮҦђ࠴ᄉᡕҸ˶ڙђᎀὋࣛ ᝇऎࠪࡎో

ᣂᑁ໓ҮҦᄉ᠇ညࢺ%79ڙԾǌ

ᒞࡎ6Ժ̾ᄹѢὋᣂᑁ໓ҮҦᬣᅋࣛోڎ̯

ᐹညᄉܷܘᏪђ࠴Ὃ˄ ᬣᅋࣛోࡎᒞᐹညᄉᤩຑ
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ᛪ2ǊʿՎழᄉᣂᑁ໓ҮҦኪፆ౦

ழ
ᎃՁ

ᝇࡎోࣛ
ऎ/°Ὀ

ᒞᐹࡎోࣛ
ည/%

ഴࡎోࣛ
᧙/MPa

ᣂᑁ໓Ү
Ҧ/N

  1 22 1. 5 90 000 40. 314
  2 22 1. 8 100 000 40. 299
  3 22 2. 1 110 000 40. 377
  4 22 2. 4 120 000 40. 252
  5 22 2. 6 130 000 40. 190
  6 24 1. 5 100 000 40. 006
  7 24 1. 8 110 000 39. 975
  8 24 2. 1 120 000 39. 870
  9 24 2. 4 130 000 39. 829
  10 24 2. 6 90 000 39. 749
  11 26 1. 5 110 000 39. 760
  12 26 1. 8 120 000 39. 761
  13 26 2. 1 130 000 39. 757
  14 26 2. 4 90 000 39. 612
  15 26 2. 6 100 000 39. 628
  16 28 1. 5 120 000 39. 678
  17 28 1. 8 130 000 39. 666
  18 28 2. 1 90 000 39. 588
  19 28 2. 4 100 000 39. 626
  20 28 2. 6 110 000 39. 627
  21 30 1. 5 130 000 39. 660
  22 30 1. 8 90 000 39. 573
  23 30 2. 1 100 000 39. 589
  24 30 2. 4 110 000 39. 575
  25 30 2. 6 120 000 39. 555

Ὃܷࣛܘڙ˶ᄉᡕҸ࠴Ὃᣂᑁ໓ҮҦђܷܘ ࡎో

ᒞᐹညࠪᣂᑁ໓ҮҦᄉ᠇ညࢺ%17ڙԾǌ

Ὃᣂᑁܷܘഴ᧙ᄉࡎ7Ժ̾ᄹѢὋᬣᅋࣛోڎ̯

໓ҮҦЎܷܘՐђ࠴Ὃॆ  ഴ᧙˝110 000ࡎోࣛ
MPaௐὋᣂᑁ໓ҮҦణܷὋࣛ ഴ᧙ࠪᣂᑁ໓Үࡎో

Ҧᄉ᠇ညʿҁ5%ǌ

3. 2Ǌᣂᑁ໓ҮҦᤂͪഴۋԢФ͕Ӑ

ᤂͪഴۋก௦ஜߥഴۋᤂʶጷᣤЙԪ

᧙࿗በԪ᧙Ὀˀ ᣤѢԪ᧙ֽ ःԪ᧙Ὀᄉழก[11]ǌ

ᝇऎࡎోࣛ ��c
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ᝇऎࠪᣂᑁ໓ҮҦॕֽᄉ˞ःࡎ5Ǌࣛోڎ

%�ᒞᐹညࡎోࣛ

໓
Ү

Ҧ
�N

1.5
39.74
39.76
39.78
39.80
39.82
39.84
39.86
39.88
39.90
39.92
39.94

1.7 1.9 2.1 2.3 2.5 2.7

ᒞᐹညࠪᣂᑁ໓ҮҦॕֽᄉ˞ःࡎ6Ǌࣛోڎ

90 000 100 000 110 000 120 000 130 000
ഴ᧙�MPaࡎోࣛ
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໓
Ү

Ҧ
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ഴ᧙ࠪᣂᑁ໓ҮҦॕֽᄉ˞ःࡎ7Ǌࣛోڎ

ఴࢹͺᣂᑁ໓ҮҦᤂͪഴۋ᧓ၸֽः᭦ழก֖

ܲᮉयѥஜՋቆᫍǌ˝ଡᰳഴۋᄉዴऎ֖

᧙Ὃ̾ ൴ࣰࢿழ ֖SRὈ̋ ణ࠴ᄫಕὋᤈᛠᄫಕᮉ

ᄉణ·ᤤસǌSRኪМयݟʽὙ

 ( )S y yR j j

j

n
2= -/  5Ὀ

य˖Ὃyj˝ࠃᬄֽःϘὋyj˝ՋֽःϘὋj˝ౝᤴֽ

ः᭦ഴۋᄉಧఴཁஜὋn˝ౝᤴֽः᭦ഴۋᄉಧఴ

ཁஜǌ

ၿ̅ࣛోࡎഴ᧙ࠪᣂᑁ໓ҮҦᄉ᠇5ڙ%
̾ЮὋ̋ ଡᰳഴۋᄉዴऎ֖᧙Ὃڙतበᤂͪഴۋ

ௐʿᏥᘼࣛోࡎഴ᧙ǌ

ណᰍழᤤၸ4ֽः᭦ഴۋὋ३ҁᣂᑁ໓Ү

ҦᤂͪഴݟۋʽὙ

. . .

6.625 0.191 20.420

0.0116 1.254

27.921 61.638

y x x x

x x x

x x x

x

0 000 090 8 0 793 0 007 371
4

2
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1
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2
3

1
2

2
2

1 2 1

2

=- + + -

- + +
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+

  6Ὀ

य˖Ὃy˝ᣂᑁ໓ҮҦὋx1˝ࣛోࡎᝇऎὋx2˝ࣛో

.Ջ͕ऎ˝0ۋᒞᐹညǌഴࡎ 995 1ὋԺ̾ᝢ˝ᣂ
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ᑁ໓ҮҦᤂͪഴ֖ۋಧఴཁᄉቿՋऎᣖᰳὋᤂ

ͪഴۋХథᣖᰳᄉԺζऎǌ

ѽၸIsightᣃ͇ࠪᣂᑁ໓ҮҦᤂͪഴܲۋᮉ

यᤈᛠ͕ӐὋႌ్͇˝Ὑࣛ ᝇऎǊ22°̚30°Ὃࡎో

.ᒞᐹညǊ1ࡎోࣛ 5%̚3. 0%ὋᄫಕᎵǊᣂᑁ໓

ҮҦణ࠴ǌᣃ͇ኪՐᮔణ͕ᝌ˝Ὑࣛ

ᝇऎǊ30°Ὃࣛࡎో .ᒞᐹညǊ2ࡎో 55%Ὃᮔᣂᑁ

໓ҮҦǊ39. 456 Nǌ

ࠪʼᤗణ͕ᝌଡΘᄉፆౝԟஜᤈᛠᣂᑁ໓Ү

Ҧ͋ᄽᰍὋ३ҁᣂᑁ໓ҮҦ˝39. 472 NὋˀ

ᮔϘឧࢿʿҁ1%Ὃឞழ25ڙ˓ழ˖໓Ү

Ҧణ࠴ǌ

4Ǌፆ

1Ὀᣂᑁ໓ҮҦˀࣛోࡎᝇऎ֖ࣛోࡎᒞ

ᐹည᠆ᄰСᬣᅋࣛోࡎഴ᧙ᄉܷܘὋᣂᑁ໓Ү

ҦЎঋᤳܷܘՐᤩຑђ࠴ǌ˞ःѫౡ

ᑞܴ͋ᄽ३Ѣࣛోࡎԟஜࠪᣂᑁ໓ҮҦᄉ

ॕֽᡕҸǌ

2Ὀࣛోࡎᝇऎࠪᣂᑁ໓ҮҦᄉ᠇ణ

ܷὋࣛ ᒞᐹည˧Ὃࣛࡎో ᣂᑁڙὋ࠴ഴ᧙ణࡎో

˖Ժ̾ុஞࣛోࡎᝇऎុஞᣂᑁ໓

ҮҦǌ

3Ὀࠪ ណᰍஜतበᤂͪഴۋвᤈᛠణ͕ᝌ

ѫౡᑞܴঋᤳэᆷڠᖌ३ᣂᑁ໓ҮҦᄫಕϘὋ

Ժ̼ఢᰳዴऎᄉథᬌЊ͋ᄽഴۋᤈᛠᣂᑁ͕Ӑ

Ὃ̋ ͯ໓ҮҦᣂᑁᄉ͕ӐଡΘ˿ʶሗᰳ
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Optimization of Belt Design for Low Rolling Resistance 
Passenger Car Radial Tire

GUO LeileiὋHU DebinὋCUI ZhiboὋLI JinὋWANG Yi
Hangzhou Haichao Rubber Co. ὋLtdὋHangzhou 310018ὋChinaὈ

AbstractὙThe effect of belt design parameters on the rolling resistance of the passenger car radial tire 
was studied by using the finite element analysis method. The results showed that the tire rolling resistance 
was negatively related to the belt angle and belt expansion rate. With the increase of belt modulusὋthe rolling 
resistance of the tire increased rapidly at first and then decreased gradually. The belt angle was the most 
important factor affecting the rolling resistance of the tire. The goodness of fit of the approximate model 
established was 0. 995 1Ὃwhich had high reliability. It provided an efficient and feasible method for the 
optimal design of the low rolling resistance tire.
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