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Ю᛭ࡎ௦ᣂᑁᄉ˞᜵ᦉ͇˧ʶὋЮ᛭ࡎԌढ

௦ᣂᑁၶ̖ᄉС᪃ࣿࢹ˧ʶ[1-3]ὋЮ᛭ࡎ᧙Сጆ

ᅋֵᣂᑁᄉචࠚবǌڙЮ᛭ࡎԌढር˖Ὃၿ

̅ԌढܫᬇேǋԃԨຝऎϟᰳ̾ԢڙဗڣᄉϢ

உௐᫍʿᡛኍ[4]Ὃ࠭ ᒰЮ᛭ڙࡎၸௐѢဗࠩࡆԪ

Ӑǌ˝Ὃੇ МՂ࠱᫇ᮤѴ˝ࣱऎஇؒាᮤ˧

ʶὋࠪ Ю᛭ࡎԌढܫՉ˓ഴڰᤈᛠҕౡὋࠪ

ѢᒯԌढᣝ[5]ǋԌढᣝᒯܬՋᣝǋܬՋᣝᒯч

ԁᣝናǋчԁጲǋчԁᒯԃԨኍൿᤈᛠѫౡὋ᧓

ԨଏஶࠪӦᨁߔӤጲᣂᑁЮ᛭ࡎԌढчԁጆፑᤈ

ᛠ͕Ӑஇᤴ[6]Ὃథଡᰳ˿Ю᛭ࡎ᧙ǌ

1ǊဗథЮ᛭ࡎԌढܫчԁጲፆౝ

ဗథ9˓чԁᣝና1ڎὈၿӬႂҮᤈᛠଌ

҃Ὃчԁᣝናᫍၿᩖ్ࣛҮὋፆౝඊᣖӬʶὋก

ᤈᛠӬ࿗ᄉᤳऎុᓫὋፂ࣡Ѣဗᩖ్ౚҮलᡐЮ

᛭ࡎஅ᎕ʿڨӈᄉৰхǌФᎤཁ௦กӬ࿗ଌ҃

Չᣝና˧ᫍᄉᤳऎඊ[7]ὋःҦก᧕உὋЮ᛭ࡎ

ऎડͨᤴࠩࡆʿሶ߿ৰхඊᣖѢǌ

Ю᛭ࡎᛠᡋᡸጲ2ڎݟᇧǌ̯2ڎԺ̾

ᄹѢὋЮ᛭ࡎˀᣝናᄉଋᝎ᭦ሤጝ˝50%Ὃ

࣊чԁᣝናଅܫ1Ǌဗథڎ

ᛠᡋᡸጲࡎ2ǊЮ᛭ڎ

чԁᣝናˀЮ᛭ࡎᄉབ̓૰ᬋͯᄉ

ԃԨຝऎǌ

இᤴґὋፑ12త͊Ю᛭ࡎࣰڨԃԨຝ

ऎ˝37. 0 ćࢺԾὋణͯຝऎ˝31. 6 ćὋణᰳຝऎ

˝40. 8 ćǌ

Ю᛭ࡎڙፂчԁጲґՐథʶ߿ርऎᄉ

ડͨὋࠔऎԪӐݟᛪ1ᇧǌ

̯ᛪ1Ժ̾ᄹѢὋ4˓ಪЮ᛭ࡎчԁՐὋ

.5࠴ђڨऎࣰࠔ 5 mmὋડͨည˝1. 21%ǌځܫ

ᒬᢵᎤᬝὋЮ᛭ܬڙࡎՋґડͨː᧗Ὃᭉ᜵ڙܫ

ʼᤈᛠஅ᎕Ὃ̾ ђ࠴ၸௐᄉԪӐ᧙Ὃځڙ

ͺᏧኤ̭Ὑᭆᣜ1984úὈὋႃὋຫӑ̠̚ࡢὋࢶ๑ൂᑚథᬌ
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ᛪ1ǊፂчԁጲґՐЮ᛭ࡎࠔऎԪӐ᧙     mm

ᮉǊǊᄫ
Ю᛭ࡎಪ

K006578A K010483A L006686A L010582A
ಕэࠔऎ 460 415 415 530
чԁґ

Ǌ1 468. 4 428. 0 414. 9 530. 8
Ǌ2 468. 6 427. 6 416. 5 531. 5
Ǌ3 472. 0 427. 6 418. 4 530. 6
Ǌࣰڨ 469. 7 427. 7 416. 6 531. 0
чԁՐ

Ǌ1 458. 9 413. 4 414. 1 534. 4
Ǌ2 459. 2 413. 6 412. 0 533. 3
Ǌ3 462. 7 413. 6 418. 4 535. 2
Ǌࣰڨ 460. 3 413. 5 414. 8 534. 3
чԁՐԪӐ᧙ ˉ9. 4 ˉ14. 2 ˉ1. 8 3. 3

чԁጲʼፘ፝ડͨʿᑞҁ໗౦[8-10]ǌ

Ю᛭ڙࡎԃఛ࠭धՐᄉࡆ ࠩ᫁ऎழՓ֖ࠔ

ऎழՓὈԪӐ᧙௦ѻ߿Ю᛭ࡎ௦ՠஅ᎕߸К

ᄉʶ˓᧗᜵ૈಕὋ࣡҃߿ᄉ᜵ය௦Չሗᤈ

ᛠʶ߿ௐᫍ4 hὈᄉϢஉὋ̾ ᆷγӦֵڙ

ၸௐ߸Кஅ᎕ǌࠪᦉѫಪЮ᛭ࡎڙԃఛϢ

உ40 minՐ200 mm߿᫁ԪӐညᤈᛠὋፆ౦ݟ

ᛪ2ᇧǌ

ᛪ2ǊᦉѫಪЮ᛭ࡎڙԃఛϢஉ40 minՐ 
                            200 mm߿᫁ԪӐည                         %

ᮉǊᄫ
Ю᛭ࡎ

Ϙڨࣰ
A B C D E F

᫁ऎழՓ 4. 67 3. 67 5. 33 4. 33 5. 33 ú 4. 67
ऎழՓࠔ 1. 86 0. 94 1. 41 0. 71 1. 18 1. 64 1. 29

̯ᛪ2Ժ̾ᄹѢὋЮ᛭ࡎ᫁ऎழՓᄉԪӐ 
Ӑညᤉܷ̅ࠔऎழՓᄉԪӐညǌځὋ̋ ˿ᰍ

Ю᛭ࡎᬣᅋϢஉௐᫍढ᫁ᄉஅ᎕ৰхὋᬣઙԨ5
˓ಕэ᫁ऎ˝300 mmᄉЮ᛭ࡎᤈᛠ᫁ऎ᧙Ὃፆ

౦ݟᛪ3ᇧǌ

ᛪ3ǊЮ᛭ࡎ᫁ऎᬣᅋϢஉௐᫍᄉԪӐৰх

ᮉǊᄫ
Ϣஉௐᫍ/min அ᎕

ည1Ὀ/%0 10 20 30 40 50
Ǌ1 300. 0 294. 0 293. 0 292. 0 289. 0 289. 0 3. 7
Ǌ2 300. 0 294. 0 292. 0 289. 0 288. 5 287. 0 4. 3
Ǌ3 300. 0 294. 0 290. 0 288. 0 286. 0 284. 0 5. 3
Ǌ4 300. 0 294. 0 289. 0 288. 0 285. 0 284. 0 5. 3
Ǌ5 300. 0 294. 0 288. 0 289. 0 286. 0 285. 0 5. 0
ǊࣰڨϘ 300. 0 294. 0 290. 4 289. 2 286. 9 285. 8 4. 7

ซὙ1ὈϢஉ50 minᄰࠪ̅లϢஉᄉஅ᎕ညǌ

̯ᛪ3Ժ̾ᄹѢὙᬣᅋϢஉௐᫍᄉढ᫁ὋЮ᛭

᫁ऎԪࡎὋϢஉ40̚50 minయᫍὋЮ᛭࠴᫁ऎђࡎ

ӐʿܷὋϢஉ50 minՐЮ᛭۲ࠩࡆࡎఴሶ߿Ὃ᫁ऎ

.Ϙ˝285ڨࣰ 8 mmὋࣰ .அ᎕ည˝4ڨ 7%ǌ

2Ǌчԁጆፑஇᤴ

இᤴՐчԁጆፑథ4ጷР8˓чԁᣝናὋ3ڎݟ
ᇧǌ4ጷчԁᣝናᫍ๎ҮᣝុᓫᤳऎὋՉጷ

˧ᫍͯࡈචᎣଌ҃๎ҮᣝὋӛᦠчԁ

ᣝናጷˀጷ˧ᫍᄉᤳࢿὋ̯ ᏪҁӬ࿗ଌ҃Ю᛭

ፂчԁᣝና˧ᫍડͨ᧙ᄉᄫᄉǌࡎ

࣊3ǊஇᤴՐчԁᣝናଅڎ

ՎௐڙௐԺཱࠃᬄᭉයܘҪђ࠵ч

ԁᣝናጷᄉஜ᧙Ὃҁᬋͯຝऎǋђ࠴ડͨ᧙ᄉ

ᄫᄉὋڙᄰСశ֖ܫᄉᦠՋʽὋࢹڙᓧழ

᭦ࠪ๎ҮᣝᄉͮᎵ֖᧙ᤈᛠុஞὋࣲ ࠪஜᤈ

ᛠಕэӐὋஇᤴՐчԁጆፑҁ໗ᄉ౦ǌ

இᤴՐЮ᛭ࡎᄉᛠᡋᡸጲ4ڎݟᇧǌ

Ю᛭ࡎˀᣝናᄉଋᝎ᭦ܷܘᒯᣝናᛪ᭦ᄉ

ԾὋଡᰳ˿чԁጲᄉ૰བᑞҦǌࢺ67%

ᄉᛠᡋᡸጲࡎ4ǊஇᤴՐЮ᛭ڎ

இᤴՐЮ᛭ࡎᄉࣰڨԃԨຝऎ˝28. 5 
ćὋᣖஇᤴґᬋͯ˿8. 5 ćὋణͯຝऎ˝23. 2 ćὋ

ణᰳຝऎ˝32. 8 ćǌ

இᤴՐЮ᛭ࡎڙፂчԁጲґՐࠔऎԪ



756 ᣂǊᑁǊࢹǊˉ 2022ࣱኃ42ԃ

Ӑݟᛪ4ᇧǌ

ᛪ4ǊஇᤴՐЮ᛭ࡎڙፂчԁጲґՐࠔऎ 
                                      ԪӐ᧙ǊǊǊǊǊǊǊǊǊmm

ᮉǊǊᄫ
Ю᛭ࡎಪ

L008554AB L003811A K010765A K011000A
ಕэࠔऎ 465 410 415 390
чԁґ

Ǌ1 455 412 410 385
Ǌ2 455 408 408 388
Ǌ3 457 410 412 390
Ǌࣰڨ 455. 7 410. 0 410. 0 387. 7
чԁՐ

Ǌ1 465 415 415 390
Ǌ2 467 415 410 395
Ǌ3 468 417 413 395
Ǌࣰڨ 466. 7 415. 7 412. 7 393. 3
чԁՐԪӐ᧙ 11. 0 5. 7 2. 7 5. 6

̯ᛪ4Ժ̾ᄹѢὋஇᤴՐЮ᛭ࡎڙፂч

ԁጲՐࠔऎࣰ6˿ܷܘڨ. 3 mmὋˀ இᤴґᄰඊὋథ

ᤂ11. 8 mmࢿऩǌ

ࠪஇᤴՐᦉѫಪЮ᛭ࡎڙԃఛϢஉ

40 minՐ200 mm߿᫁ԪӐညᤈᛠὋፆ౦ݟᛪ5 
ᇧǌ

ᛪ5ǊஇᤴՐᦉѫಪЮ᛭ࡎڙԃఛϢஉ40 minՐ

200 mm߿᫁ԪӐည                        %

ᮉǊᄫ
Ю᛭ࡎ

Ϙڨࣰ
A B C D E F

᫁ऎழՓ 3. 00 2. 50 2. 50 2. 50 3. 00 ú 2. 70
ऎழՓࠔ 0. 47 0. 70 0. 47 0. 47 0. 23 0. 47 0. 47

̯ᛪ5Ժ̾ᄹѢὋஇᤴՐЮ᛭ࡎڙԃఛϢ

உՐ᫁ऎழՓ֖ࠔऎழՓԪӐ᧙ᣖஇᤴґڨథ

ђ࠴ǌ

இᤴՐὋᬣઙԨ5˓ಕэ᫁ऎ˝200 mmᄉЮ

᛭ࡎᤈᛠ᫁ऎ᧙Ὃፆ౦ݟᛪ6ᇧǌ

ᛪ6ǊஇᤴՐЮ᛭ࡎ᫁ऎᬣᅋϢஉௐᫍᄉԪӐৰх

ᮉǊᄫ
Ϣஉௐᫍ/min அ᎕

ည1Ὀ/%0 10 20 30 40
Ǌ1 200. 0 199. 0 196. 0 195. 0 195. 0 2. 5
Ǌ2 200. 0 199. 0 195. 0 195. 0 195. 0 2. 5
Ǌ3 200. 0 199. 0 194. 0 194. 0 194. 0 3. 0
Ǌ4 200. 0 197. 0 194. 0 194. 0 194. 0 3. 0
Ǌ5 200. 0 196. 0 194. 0 194. 0 194. 0 3. 0
ǊࣰڨϘ 200. 0 198. 0 194. 6 194. 4 194. 4 2. 8

ซὙՎᛪ3ǌ

̯ᛪ6Ժ̾ᄹѢὙᬣᅋϢஉௐᫍᄉढ᫁ὋЮ᛭

ࡎϢஉ30 minҁ40 minయᫍὋЮ᛭࠴᫁ऎђࡎ

᫁ऎథԪӐὋᛪϢஉ30 minՐЮ᛭۲ࠩࡆࡎ

ఴሶ߿Ὃ᫁ऎࣰڨϘ˝194. 4 mmὋࣰ ˝ԪӐညڨ

2. 8%ǌ

இᤴՐὋЮ᛭ࡎ᫁ऎԪӐညඊஇᤴґђ࠴Ὃሶ

ௐ̯ᫍஇᤴґᄉ50 min᎕ᆀᒯஇᤴՐᄉ30 minὋ߿
ᬋͯ˿Ю᛭ࡎՐ፝ࣿࢹၸௐᄉԪ᧙ǌ

3Ǌ౦͈

ࠪஇᤴґՐЮ᛭ࡎԃԨຝऎǋчԁґՐࠔऎ

ԪӐ᧙ǋϢஉՐ᫁ऎԪӐညǋϢஉՐࠔऎԪӐည֖

 ᛪ7ݟௐᫍኍᮉᄫᤈᛠ͈Ὃፆ౦߿ሶࠩࡆֵ҃
ᇧǌ

ᛪ7Ǌஇᤴ౦͈

ᮉǊǊᄫ இᤴՐ இᤴґ Ϙࢿ

ԃԨຝऎ/ć 28. 5 37. 0 ˉ8. 5
чԁՐࠔऎԪӐ᧙/mm 6. 3 ˉ5. 5 11. 8
ϢஉՐ᫁ऎԪӐည/% 2. 70 4. 67 ˉ1. 97
ϢஉՐࠔऎԪӐည/% 0. 47 1. 29 ˉ0. 82
ௐᫍ/min߿ሶࠩࡆֵ҃ 30 50 ˉ20

̯ᛪ7Ժ̾ᄹѢὋஇᤴՐЮ᛭ࡎᄉԃԨຝऎᬋ

ͯὋϢஉՐ᫁ऎ֖ࠔऎԪӐညђ࠴Ὃ҃ ߿ሶࠩࡆֵ

ௐᫍ᎕ᆀὋஇؒ౦௬ǌ

˝ᆷ߿ܫஇᤴՐࠪᣂᑁҮখڨӈবᄉॕ 
ֽ[11-13]ὋᤤસՋಪညᣖͯᄉᣂᑁಪ235/60R18PR 
SU318 103VὈᤈᛠֵᣂᑁҮখڨӈবណὋፆ౦

ᛪ8ᇧǌݟ

̯ᛪ8Ժ̾ᄹѢὙஇᤴՐᣂᑁᄉफ़ՓҦ֖ശ

ՓҦࣰڨϘԪӐʿܷὋͭ फ़ՓҦಕэ֖ࢿശՓҦ

ಕэࢿᬋͯὋឬஜሶ߿বఝݝҮࣰᛥϘ̯

26. 67 gᬋᒯ22. 83 gὋҮࣰᛥবᑞథʶ߿ଡᰳՎ

ௐफ़ՓҦǋശՓҦ֖ҮࣰᛥՋಪညڨథଡᰳὋᛪ

ᣂᑁᄉҮখڨӈব३ҁஇؒǌ

4Ǌፆឥ

Ὃ๖Ꮷࠪ̅˖ڣࣉґ̾๖˝࠭Փᄉॆڙ

ᣂᑁ᧙ᄉ᜵යᡔᡔᰳὋᣂᑁᄉܰ᧙֖Ү

খڨӈব᜵ය˶ᡔᡔːಪǌஇᤴЮ᛭ࡎԌ

ढጲᄉчԁጆፑὋӦֵડͨ३ҁథଌ҃Ὃᣂᑁ
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ᛪ8Ǌ235/60R18PR SU318 103Vᣂᑁ

Үখڨӈবណፆ౦

ᮉǊǊᄫ இᤴՐ இᤴґ

ઙಉᣂᑁஜ᧙/్ 66 67
फ़ՓҦ

ǊಕэϘ/N İ140 İ140
ǊࣰڨϘ/N 86. 9 89. 0
Ǌಕэ1ࢿὈ 25. 5 28. 7
ǊՋಪည/% 93. 8 90. 9
ΞՓҦ

ǊಕэϘ/N İ100 İ100
ǊࣰڨϘ/N 57Ὅ5 54Ὅ1
Ǌಕэ1ࢿὈ 17Ὅ9 22Ὅ8
ǊՋಪည/% 100 93. 9
Үࣰᛥ

ǊಕэϘ/g İ50 İ50
ǊࣰڨϘ/g 22. 83 26. 67
ǂಕэ1ࢿὈ 11. 36 14. 70
ǊՋಪည/% 96. 9 92. 4

ซὙ1Ὀಕэࢿ௦ழࢿᄉኪశࣰழὋಕэࢿᡔ࠴Ὃᛪᇧૈಕஜ

Ϙᡔሶ߿ǌ

᧙ଡᰳὋឞፂᰍࣂፂڙМՂЮᦉࣸǌၿ̅Չ

МՂ˧ᫍᄉЮ᛭ࡎၶ̖ጲࢿڙߚऩὋځᭉ᜵

ࠃᬄৰх҃߿ᄰःᄉஇᤴழǌ
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Optimization of Inner Liner Calendering Cooling System of  
Steel-belted Radial Tire

LEI HuiὋLI HaoὋYAN HaoguanὋZHENG QiuyiὋCHEN JunὋCHEN Chao
Hangzhou Haichao Rubber Co. ὋLtdὋHangzhouǊ310018ὋChinaὈ

AbstractὙThe quality of the inner liner of the steel-belted radial tire was improved by reforming the 
calendering cooling system of inner liner. After transformationὋthe cooling system had 4 groups of cooling 
rollers, which in total were 8 rollers. The speed of the cooling roller was adjusted by the floating rollersὋ
and the floating rollers were controlled by the low friction damping cylinder to match the speed difference 
between the cooling roller groupsὋso the tension of the inner liner between the cooling rollers could be 
controlled separately. After transformationὋthe contact surface between the inner liner material and the roller 
increased to about 67% of the roller surface areaὋwhich improved the heat exchange capacity of the cooling 
lineὋreduced the cooling temperature of the inner linerὋreduced the length change rate and width change rate 
after parkingὋshortened the stabilizing time of the product sizeὋand improved the dynamic uniformity of the 
tire.

Key wordsὙsteel-belted radial tireinner linercooling systemstretchingtemperaturedynamic 
uniformity


