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ᑁΞ௦ߔӤጲᣂᑁᄉ᧗᜵ᦉ͇Ὃڙᣂᑁ΍ၸ

᣾ር˖ὋᑁΞ᫁యԩࡐ૓Ԫ्ͺၸὋᓡݝᄉᑁΞ

ፆౝ௦ᣂᑁ΍ၸবᑞᄉγᬩὋᏪࠃڙᬄၶ̖᣾ር

˖ὋӦᨁߔӤጲᣂᑁፂ࣡ѢဗᑁΞѡᬝǋᴁӉኍ 
᫇ᮤǌ

ᑁΞѡᬝ௦ૈڙᣂᑁ҃ᤴ᣾ር˖ᑁΞѢဗ

ᛪ᭦ʿࣰᄉဗ៵Ὃ௦ʶሗ࣡᜸ᄉܰ᜹Ꭴᬝǌڙѡ

჈᫇ᮤᄉґయᆐቂ˖Ὃ̠ ᓧᝇऎѫౡὋᝢࢹ̯ܲ͂

˝ᑁΞѡᬝǋᴁӉၿᑁΞԑऎԪӐǋࣕ ऎԪࠚࡎ࣊

Ӑǋᑁͳࣕ࣊ଋܿѫ࣊ʿڨኍځገᤴ੆[1-5]Ὃ෤థᏥ

ᘼ᝹᝟ځገᄉॕֽὋࣲ ˄ၿ̅ᣂᑁԩҦܬఽὋ΍ၸ

࣡᜺Ҧߥ੣ൿѫౡᑁΞѡᬝǋᴁӉ̖ၶᄉԓځ᭣

ᬱǌڇ࣡

ఴᆐቂ̯᝹᝟ᝇऎѢԦὋύү੆ཿᄉథᬌЊ

ѫౡ੾శഴ઱235/60R16ӦᨁߔӤጲᣂᑁЌච࿃

খὋѫౡᎤᬝ̖ၶᄉԓځὋ᤯᣾ࠪॕֽځገᤈᛠ͕

ӐὋஇؒځ᝹᝟ځገ࠭ᒰᄉᑁΞѡ჈᫇ᮤ[6-7]ǌ

1Ǌ᫇ᮤଠᤗ

Ӥጲᣂᑁ᝹᝟धԦ᫼ൿὋᦉѫֵ̖ߔӦᨁڙ

ᑁΞᦉͮ͗ѢဗֆՓѡ჈ǌ᤯࣡ᤇሗֆՓѡ჈Ѣ

ဗڙХథᑁͳԥӉፆౝᄉᣂᑁᑁΞὋဗ៵˝ஞֆ

ѡ჈੊Ꮷࡌᦉѡ჈Ὃ235/60R16ᣂᑁᑁΞѢဗᄉஞ

ֆѡ჈1ڎݟ੝ᇧǌ

1ǊᣂᑁᑁΞֆՓѡ჈ڎ

2Ǌԓځѫౡ

2. 1Ǌࢹᓧѫౡ

ᣂᑁᑁΞற᭦2ڎݟ੝ᇧὋ᤯᣾᜹ࠢԺᅻὋڙ

ᒬཨలЌච࿃খʽᑁΞᛪ᭦ࣰஞὋࣲ ෤థԦဗѡ

ᬝǌፆՋ1ڎԺᅻὋᑁΞֆՓѡᬝͮᎵࠪःᣂᑁற

᭦ᑁͳԥӉቪཁϟʼᦉͮὋ˄ ᤯᣾᜹ࠢற᭦ల᜸

ଋܿ᣾ܷǋࣕ࣊ࣕ ሩጲ੊ᑁͳԥӉቪཁ੩ᜭኍ࣊

ᓧ᫇ᮤǌၿ൤Ժ଍றὋᑁΞֆՓѡ჈ᄉ̖ၶʿࢹ

௦ࢹᓧ᫇ᮤὋԺᑞ௦᝹᝟ځገ࠭ᒰᄉҦߥ᫇ᮤǌ

ͺᏧኤ̭Ὑष೔ผ὇1993úὈὋݘὋࡢˋ໵̠کὋ๋ ౣ੆ࡢ὇᭞

˞ὋܢὋᆯ࣍ርࢹᆐቂ᝹᝟థᬌМՂˉࢹὈࡳ ᜵̯̂ᣂᑁ͋ᄽ੾శ
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2ǊᣂᑁᑁΞற᭦ڎ

2. 2ǊԩҦѫౡ

ᑁΞֆՓѡ჈ၿᑁΞᑚᄉ्Ԫ̖ၶὋᑁΞᑚ

ԩҦ3ڎݟ੝ᇧὋӉહᣂᑁЌචԌҦ̖ၶᄉࡎᫍԌ

ҦԢၿЌච्Ԫ̖ၶᄉࣕጲડҦǌतበᑁΞᑚኤ

ӐഴۋὋ΍ၸథᬌЊழกὋѫѾഴ઱ᑁΞᑚ੝ԩ̯

ᣂᑁЮᦉ͛౎ᄉࡎᫍԌҦԢડҦὋ4ڎݟ੝ᇧǌ

3ǊᑁΞᑚԩҦᇧ਒ڎ

὇aὈࡎᫍԌҦ

὇bὈડҦ

Ԣ᣷ႌ్͇ۋ4ǊᑁΞᑚഴڎ

ᑁΞᑚԪ्ഴ઱ፆ౦5ڎݟ੝ᇧǌ

5Ժ̾ᄹѢὋӬ࿗ԩԌࣲʿ͗लᡐᑁΞᑚڎ̯

̖ၶѡ჈Ὃѡ჈˞᜵௦ၿ̅ԩડͨःҦᄉͺၸ੝

ᒰǌ̯5ڎ὇bὈԺ̾௙௬ᄹҁὋᑁͳԥӉቪཁᬃᤂ

ᑁΞᑚԪᘘὋԺ̾଍றὋᑁͳԥӉቪཁԩҁᣖܷડ

Ҧ௦̖ၶᑁΞֆՓѡ჈ᄉ˞᜵ԓځὋځ൤Ժ̾᤯

᣾இؒડͨःҦѫ࣊੊ܷܘឞᦉͮᑁΞᑚᄉડͨ

ഴ᧙౎๖ᬓᑁΞֆՓѡ჈ǌ

὇aὈࡎᫍԌҦ

὇bὈડҦ

5ǊᑁΞᑚԪ्ഴ઱ፆ౦ڎ

3ǊॕֽځገѫౡԢ͋ᄽ͕Ӑ

3. 1Ǌѫౡধᡸ

᧪ࠪ235/60R16ᣂᑁᑁΞֆՓѡ჈᫇ᮤὋ᤯᣾

͋ᄽழกѫౡЌචԌҦǋᑁͳࣕጲԟஜ֖ፆౝԟ

ஜࠪᑁΞֆՓѡ჈ᄉॕֽǌፆౝԟஜᤤસᑁͳԥ

ӉᰳऎǋᑁΞԑऎǋ̒ ᝇᑚᰳऎ֖ᑁړᑚᰳऎǌ಩

૵ѫౡፆ౦ᤈᛠ͕Ӑ᝹᝟Ὃ͕ Ӑᄫಕ˝ᑁΞ௃ѡ

჈Ὃѡ჈ܪఛညሿҾ䴦ǌణՐΙ૵͕Ӑழ಴ᤈᛠ

ᣂᑁណᰍᰍ᝼ǌ

3. 2ǊథᬌЊഴۋतበԢዴऎᰍ᝼

಩૵ற᭦ፆౝࠩࡆፊ҃ᣂᑁ౅஧ѫڎ࣊Ὃѽ

ၸHypermeshథᬌЊґူܪᣃ͇तበ̃፤ᣂᑁథ

ᬌЊᎩಪഴۋὋФ˖ᑁͳԥӉቪཁᬃᤂᄉᑁΞᎩ

ಪҪࠚὋ᝹߿Ꭹಪ1˝ࠩࡆ mmǌᤤၸ᤯ၸథᬌЊ

ѫౡᣃ͇AbaqusᤈᛠᣂᑁᄉЌචѫౡὋൂ ᑚ౅஧

᧓ၸᡓीবഴ[7-6]ۋὋᬓྱ൳ឬ௙ܰὋ͋ ᄽЌචԌҦ

᝹Ꮅ˝350 kPaǌ
̃፤ᣂᑁЌචᑁΞ͋ᄽፆ౦6ڎݟ੝ᇧǌ˝

ழΦ᜹ࠢ࠱Ԫ्உܷὋ᝹ᎵԪ्உܷυஜ˝3ǌ᤯

᣾ЌචґՐ्࿃ࠪඊԺᅻὋ͋ ᄽᑞܴյဗЌචՐ

̖ၶᄉᑁΞֆՓѡ჈Ὃѡ჈ڙᑁͳԥӉቪཁϟʼ

ᄉͮᎵǌ

������

                   ὇aὈЌචґ������������������὇bὈЌචՐ

6Ǌ̃፤ᣂᑁЌචᑁΞ͋ᄽፆ౦ڎ
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kPaЌචԌҦʽὋࠪ 180ڙ ᣂᑁЌචܰᎅࠩࡆ

ᤈᛠ͋ᄽ᝟ኪὋࣲ ΍ၸᨁԃࡆᤈᛠࠃ฽Ὃፆ౦ݟᛪ

1੝ᇧǌ

  ǊǊᛪ1ǊᣂᑁЌචܰᎅ͋ࠩࡆᄽˀࠃ฽ፆ౦ࠪඊǊ mm

ᮉǊǊᄫ ͋ᄽϘ ណᰍϘ

Ќචܰᄯफ़ 689. 88 689. 5
Ќචற᭦ࠔ 241. 41 238. 9

ၿᛪ1᝟ኪԺ३ὋЌචܰᄯफ़֖Ќචற᭦ࠔᄉ

͋ᄽዴऎѫѾ˝99. 9%֖98. 9%Ὃឬ௙థᬌЊѫౡ

ፆ౦эᆷԺ᭤ǌ

3. 3Ǌఛညᄉ߿˦

಩૵6ڎ὇bὈ੝ᇧᄉᣂᑁ̃፤Ќච͋ᄽፆ౦Ὃ

᜹฽ҁᣖܪᑁΞܰᣂजࠪःᄉᑁͳԥӉቪཁڙ

ఛညᛪड़ѡᬝርܪᄉᑁΞֆՓѡ჈Ὃ΍ၸѡ჈࠴

ऎǌఛညԺᛥ᧙іʹͳᄉʿࣰںርऎὋఛညϘᡔ

ܷὋЌචՐᑁΞֆՓѡ჈ᡔ௙௬ǌఛညᄉ᝟ኪМ

य˝

ǊǊǊǊǊǊK
y

y

1
/2 3 2=

+ l
m

^ h ǊǊǊ ǊǊ὇1Ὀ

य˖ὋK˝ఛညὋyl֖ ymѫѾ˝੝යཁܪఛጲऺழ

ርᄉʶ᫼֖̃᫼࠭ஜǌ

᤯᣾థᬌЊ͋ᄽ᝟ኪ੝३ᄉͮᎵڮಕζোὋ

ፆՋఛညМयὋ᝟ኪఛညǌ

3. 4ǊЌචԌҦࠪᑁΞֆՓѡ჈ఛညᄉॕֽ

ፋᣂᑁЌචՐԦဗὋᑁΞֆՓѡ჈ڙʶ߿Ќ

චԌҦʽᣖ˝௙௬ὋஉѢචͳՐ๖ܾǌၿ൤Ժ᜸Ὃ

ᑁΞֆՓѡ჈ˀᣂᑁЌච࿃খథСὋ˄ ѡ჈ʿ͗

࠭ᒰ܇ব्Ԫǌ᧓ၸథᬌЊ͋ᄽழกѫౡЌචԌ

ҦˀᑁΞֆՓѡ჈ఛညᄉСጆὋЌචԌҦ˝250Ὃ
300֖350 kPaௐὋKѫѾ˝0. 75×10-3Ὃ4. 00×10-3

֖7. 39×10-3 mm-1ǌ

ၿ൤Ժ᜸ὋᬣᅋЌචԌҦᄉܷܘὋᣂᑁᑁΞֆ

Փѡ჈ఛညܷܘὋԀѡᬝҪ᧗ǌ

3. 5Ǌᑁͳࣕጲ౅஧ࠪᑁΞֆՓѡ჈ఛညᄉॕֽ

˝ᆐቂᑁͳࣕጲࠪᑁΞֆՓѡ჈ᄉॕֽὋѫ

ѾतበʿՎࣕጲഴ᧙ᄉᣂᑁഴۋᤈᛠ͋ᄽѫౡὋ

ፆ౦ݟᛪ2੝ᇧǌ

̯ᛪ2Ժ̾ᄹѢὋᑁͳࣕጲ౅஧ᄉഴ᧙ࠪᑁΞ

ֆՓѡ჈˶థॕֽὋͭ ఝ૰ʿՎഴ᧙ᄉࣕጲ௃ก

๖ᬓѡ჈ဗ៵ǌ

ᛪ2ǊʿՎᑁͳࣕጲഴ᧙ʽᄉᑁΞֆՓѡ჈ఛည

ࣕጲ᜺ಪ ऎ/὇಩·dm-1Ὀࠚ ഴ᧙/MPa K×103/mm-1

1100dtex/2 100 4 255. 2 7. 39
1440dtex/2 110 4 781. 2 4. 53
1670dtex/2 100 4 238. 2 4. 72
2220dtex/2 94. 5 4 315. 9 3. 10

3. 6ǊፆౝԟஜࠪᑁΞֆՓѡ჈ఛညᄉॕֽ

ᑁͳԥӉᰳऎǋᑁΞԑऎǋ̒ ᝇᑚᰳऎ֖ᑁړ

ᑚᰳऎڙڨᣂᑁԓ᝹᝟۲ᆨʼԪӐὋ˄ ܰᣂज्

࿃ʿԪǌፆౝԟஜ7ڎݟ੝ᇧǌ

ᑁΞԑऎ

ʻ
ᝇ
ᑚ
ᰳ
ऎ

ᑁ
ړ
ᑚ
ᰳ
ऎ

ᑁ
ͳ
ԥ
Ӊ
ᰳ
ऎ

7Ǌᣂᑁፆౝԟஜᇧ਒ڎ

3. 6. 1ǊᑁͳԥӉᰳऎ

಩૵ஶࢹፂᰍ̾Ԣ͋ᄽፆ౦ὋᑁΞֆՓѡ჈

ͮᎵݼጻڙᑁͳԥӉቪཁᬃᤂǌࠪʿՎᑁͳԥӉ

ᰳऎᑁΞֆՓѡ჈ఛညᤈᛠ͋ᄽǌՉழ಴ᑁͳԥ

Ӊቪཁڨలᡓ᣾ற᭦පࣰᣈὋᣂᑁԓ᝹᝟ᑁͳԥ

Ӊᰳऎ˝40. 20 mmǌ

ᑁͳԥӉᰳऎ˝45. 11Ὃ43. 14Ὃ40. 20Ὃ37. 29Ὃ
35. 37 ֖ 30. 66 mm ௐὋKѫ Ѿ ˝ 9. 12×10-3Ὃ
8. 52×10-3Ὃ7. 39×10-3Ὃ4. 73×10-3Ὃ3. 28×10-3

֖ˉ0. 65×10-3 mm-1ǌԺ᜸ᑁΞֆՓѡ჈ఛညᬣ

ᑁͳԥӉᰳऎᄉᬋͯᏪӬុђ࠴Ὃॆ ᑁͳԥӉᰳ

ऎ˝30. 66 mmௐὋఛည̅࠴ᭅǌၿ൤Ժ᜸Ὃុ ஞᑁ

ͳԥӉᰳऎᑞܴ๖ᬓᑁΞֆՓѡ჈ǌ

3. 6. 2ǊᑁΞԑऎ

ᆐቂᑁΞԑऎࠪᑁΞֆՓѡ჈ᄉॕֽௐὋԑ

ऎࠩࡆԪӐᄉ˞᜵ᦉ͇˝ᑁΞὋࣕ ࡎЮ᛭֖ࡎ࣊

ԑऎʿԪǌࠪʿՎᑁΞԑऎᑁΞֆՓѡ჈ఛညᤈ

ᛠ͋ᄽǌᑁΞԑऎ˝5. 0Ὃ5. 5Ὃ6. 0֖6. 5 mmௐὋ

Kѫ Ѿ ˝ 10. 20×10-3Ὃ7. 39×10-3Ὃ6. 42×10-3 ֖ 
ˉ2. 62×10-3 mm-1ǌ
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ၿ൤Ժ᜸ὋᑁΞֆՓѡ჈ఛညᬣᑁΞԑऎܘ

ܷᏪӬុђ࠴Ὃᣂᑁԓ᝹᝟ᑁΞԑऎ˝5. 5 mmὋᑁ

Ξԑऎ1ܷܘ mmௐѡ჈๖ܾǌᙉཨុஞᑁΞԑऎ

ᑞܴஇؒᑁΞֆՓѡ჈Ὃͭ ᣂᑁᣏ᧙ӐᄉᡕҸڙ

ʽὋʁ ᓉʿᏥᘼܷܘᑁΞԑऎ౎இؒѡ჈ǌ

3. 6. 3Ǌʻᝇᑚᰳऎ

ࠪʿՎʻᝇᑚᰳऎᑁΞֆՓѡ჈ఛညᤈᛠ

͋ᄽὋ̒ ᝇᑚᰳऎ˝29. 50Ὃ24. 83Ὃ20. 65֖16. 41 
mmௐὋKѫ Ѿ ˝ 7. 66×10-3Ὃ7. 17×10-3Ὃ7. 39× 
10-3֖6. 56×10-3 mm-1ǌ

ၿ൤Ժ᜸Ὃ̒ ᝇᑚᰳऎࠪᑁΞֆՓѡ჈ᄉ

ॕֽᣖ࠴ὋԓځԺᑞ௦ʻᝇᑚˀѡ჈੝ͮڙᎵᡯ

ሎᣖᤉὋࠪ ѡ჈ᬃᤂᑁΞᑚ੝ԩડͨःҦᄉॕֽ 
థᬌǌ

3. 6. 4Ǌᑁړᑚᰳऎ

ࠪʿՎᑁړᑚᰳऎᑁΞֆՓѡ჈ఛညᤈᛠ

͋ᄽὋᑁړᑚᰳऎ˝40. 20Ὃ29. 50Ὃ20. 65֖15. 49 
mmௐὋKѫ Ѿ ˝ 7. 95×10-3Ὃ7. 42×10-3Ὃ7. 39× 
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Simulation Analysis and Optimization Design on Sidewall Circumferential 
Dent of 235/60R16 Steel-belted Radial Tire

ZHANG Mengjie1ὋZHU Jinxian2ὋZHANG Weiwei1ὋZHANG Yongfeng1ὋREN Shuai1

[1. Prinx Chengshan὇QingdaoὈ Industrial Research and Design Co. ὋLtdὋQingdaoǊ266042ὋChina὚2. Prinx Chengshan὇ShandongὈ Tire Co. Ὃ

LtdὋRongchengǊ264300ὋChinaὈ

AbstractὙAiming at the problem of sidewall circumferential dent of 235/60R16 steel-belted radial tireὋ
the tire inflation simulation and dent generation mechanism analysis were carried out by using finite element 
analysis methodὋand the effects of inflation pressureὋcarcass cord material and structure parameters on the 
indentation were studied. The results showed that the sidewall circumferential dent was related to the inflation 
state of the tireὋand the dent would not cause any plastic deformation. It was found that the higher the 
inflation pressureὋthe more obvious the indentation. The main reason for the dent was the large tensile stress 
near the turn-up end of the carcass. The sidewall circumferential dent problem was solved by appropriately 
reducing the turn-up height and the cord width of the carcass.

Key wordsὙsteel-belted radial tire὚sidewall circumferential dent὚curvature὚finite element analysis
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