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ᬣᅋੇڍڍҦᄉ௅ᄝुܷὋۡ ᢽ᥊̓᤯ᤈࣉ

Й˿ᰳᤳԦࡘ᫼ൿǌ2020ࣱὋੇ ᨠᤁᖸ঳᧖ڠڍ

ር᣹ҁ6 302. 79 kmὋࣲ ̾ඇࣱ15%̚20%ᄉᤳ

ऎᤫܘǌᄳౝ఺ͺ˝ʶሗᬪ᥊ଇᤈᄉ˃ၸࢹር

఺೙Ὃڙᬪ᥊ஶࢹ᣾ር˖Ժథ஌ଌ҃ڠ᭦ෛᬋ֖

ђ࠵ஶڠࠪࢹ᭦तኒᄉॕֽὋ࠾Ф᤟Ջڙᬪ᥊ᣖ

᫁ǋ۠ ຆᣖܷᄉৰхʽ΍ၸὋ௄ፂ฿Ԡ߶К [1]ǌ

૵ፑ᝟Ὑ2020ࣱ˖ڍᄳౝ఺̖᧙ጝ˝461Ի὚2021

ᨠत᝹ၸᄳౝ఺ᄉᭉය᧙ጝ˝563ԻὋ૊ཱڠࣱ

4 000ʹЊ·Ի-1ᄉ͈ಪͤኪὋ̋ ဗ̖Ϙ225ࠃࣱ

̢Њǌ

ͺ˝ҮҦ౎ຸᄉ˞᯵Үጆፑ௦ᄳౝ఺ᄉನ

ॶጷ੆ᦉѫὋ፤એᣖ˝ڇᬱὋځ൤ᭉ᜵ఝᰳᄉ᠎᧙

ሶ߿ব̾ᬋͯ፤νᮟည֖ढ᫁΍ၸ[2]֐࠮ǌڙᄳ

ౝ఺˞᯵Үጆፑ˖Ὃ˞ ᯵Үᡓܷړ࠯ࠚ὇ኤሥ࠯ࠚ

Ὀᡐҁ˿ᒯС᧗᜵ᄉͺၸǌ߸ஞԺ᭤ᄉ˞᯵Үړ

ᄉᤁᣀဖݝʶழ᭦ፋ˞᯵Үᣈ੽ଡΘ˿ᓡړ࠯ࠚ

ܑ὚Բʶழ᭦Ὃࣛ థʶ߿ԌҦᄉ๦໎ෳᑟՓᄳౝ఺

Юᄉชᆊ̱ڗ᫸ൢڠΞु҃૗ѢὋԺ̾థ஌̱ڗ

ᤈЙ˞᯵ҮጆፑЮᦉᏪᤴ੆ᦉ͇ᄉᇛ૮ܾ஌[3]ǌ

ᄳౝ఺ڠڙʽଇᤈஶࢹ᣾ር˖Ὃ˞ ᯵Үړ࠯ࠚ௃

กڙᬪ᥊วࠈЮᤈᛠఝ૰[4]Ὃݟ౦Ѣဗړ࠯ࠚ૮ڭ

੊ځᇛ૮Ꮺᫍᬨ᣾ܷኍ᫇ᮤὋ͗ ᤴ੆˞ᣈ੽ᴐᣂ

ෳ෹໣੊ชᆊᮣዡᤈЙᴐᣂ኷Ὃलᡐ˞ᣈ੽੊ᴐ

ᣂ૮ڭὋ࠭ ᒰᄳౝ఺ჯდὋፋᄳౝࢹርᤴ੆ʿԺͤ

᧙ᄉፂ฿૮ܾԢፋஶ̠ࢹտࣛ౎᭣࣡ː᧗ᄉ߶К

᫇ᮤǌځ൤Ὃ˞ ᯵Үړ࠯ࠚᄉፆౝ֖বᑞ௦ॕֽ

ᄳౝ఺΍ၸ֐࠮ᄉ᧗᜵ځገǌ

ᄳౝ఺ࠃڙᬄःၸ᣾ር˖ࢹхဖܑܬఽὋФ˞

᯵Үړ࠯ࠚᄫґ᭦˙ᄉ˞᜵᫇ᮤӉહὙ὇1Ὀၿ̅ບ

ǋࠚդᆊ᧙ᰳڗ ԌҦᰳኍᔡ҈్͇Ὃڗ੽ԩᄉප࠯

࠭ᒰФ࠯ࠚবᑞʿ·Ὃ΍ၸ֐࠮ᣖᆀ὚὇2Ὀၿ̅ࠚ

ፆౝʿՋူὋ࠭ݒፆౝǋ߶ᜈழयԢᦠ࠯ ᒰФ࠯ࠚ

বᑞʿ·὚὇3Ὀၿ̅౅஧ᄉবᑞᬌ҃Ὃ࠭ ᒰФࠚ

ᣖܷὋࠪࠩࡆᏬᰳԌᑞҦʿᡛ὚὇4Ὀၿ̅࠯ ੆ۋഴ

Х᜵යᣖᰳὋФၶ̖᣾ርᣖ˝ܬఽǌځ൤Ὃᄳౝ఺

ͺᏧኤ̭Ὑʹ Ф ὇ࣰ1964úὈὋႃὋๅ෇˦˨̠Ὃ̟ ˞ὋܢὋᆯ࣍ርࢹథᬌМՂᰳጞڃᬶࢹᨠत᧗ڍ ᜵̯̂ଇᤈ఺ᆐԦ֖ஶࢹࢹͺǌ
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˞᯵Үړ࠯ࠚः໗ᡛᏬපǋᏬᇛǋᏬ᭏ᖗǋᏬෳᑟǋ

ुऎᰳǋԌ᎕Ԫ्࠴ኍবᑞ᜵යὋ஋Ꮺឞړ࠯ࠚᄉ

ፆౝ᝹᝟ǋ౅᠎ᤤસ֖বᑞଡӣᆐቂलᡐ˿ࣸค

Сซǌ

ᐐතᦲ὇PUὈၿऩ඲ᦺᦲ֖Ꮓ۲ӐՋྫྷᐐՋᏪ

੆Ὃၿ̅դु౜বᄉත۲ႀᦺᦲ۲Ὃʿ ໄ̅᭣౜ব

ໄҍὋځ൤PU͇࠯ࠚᄉᏬᇛǋᏬᰳԌǋᏬᏤӐ֖Ꮼ

ෳኍবᑞᤉ͕̅Ф̴ीবͳ[4-9]͇࠯ࠚὋڙʶ߿ᄉ

ЮὋʿډͺԌҦ֖ຝऎᔴࢹ ̨Хథᓡݝᄉ࠯ࠚব

ᑞὋᏪ˄ᬣᅋ࠯ࠚԌҦᄉܷܘᤆᑞᒬҮុᓫ࠯ࠚ

বᑞǌ

ఴࢹͺ̯ፆౝ͋ᄽǋ౅஧ᤤસǋၶ̖᝹ࢹ֖ܫ

ᓧǋ̖ ֵ᝿͈ጆፑ̾Ԣࠃᬄःၸᰍ᝼ኍழ᭦ࠪᄳ

ౝ఺˞᯵ҮᡓܷPUړ࠯ࠚ὇ኤሥPUړ࠯ࠚὈᤈᛠ

ᆐቂǌ

1Ǌፆౝ᝹᝟

1. 1Ǌࢹͺԓူ

ᄫґܰڍᄳౝ఺ᄉ˞ᣈ੽ڨړ࠯ࠚ᧓ၸᰣ౵

यړ࠯ࠚ्םὋ࣡ ᜸ᄉړ࠯ࠚ्םథӬ࠯ࠚ्ם

ǋࣛړ Ԍጊဖ[10]ړ࠯ࠚ्ם֖ܲړ࠯ࠚ्ם὇ፆౝ

ԌڙԯὋם˝ͺ᭦ࢹᄉړ࠯ࠚ्ם1੝ᇧὈǌڎݟ

ҦᄉͺၸʽὋםԯˀ࠯ࠚ᭦ጊࠚ᠚Ջ὚ˀ ૗Ԍࠚۋ

˄ХథఝुᄉᒬጊͺၸὋړ࠯ࠚ्םᄰඊὋړ࠯ Ԍ

ጊဖᄉ΍ၸᤈʶ൥Ҫु˿Фᒬጊ஌౦ǌړ࠯ࠚᄉ

ፆౝ᝹᝟᜵γ᝼ם࠯ࠚԯథᣖݝᄉᡱᬣবὋ΍Ф

ˀ஼ᣀᣈథణ·ᄉଋᝎᝇऎὋڙγ᝼࠯ࠚ஌౦ᄉ

Վௐђם࠴ԯᄉҮଋᝎ᭦ሤὋణܷርऎڠᬋͯ୔

୺Ԧབ֖ђם࠴ԯᇛ૮Ὃ΍ړ࠯ࠚᑞᣖڠݝ᤟ၸ

̅ՉሗԌҦࢹх[11-12]ǌ

1. 2Ǌ᣷ႌ్͇᝹߿

ґὋԺѽၸథᬌ˧ړ࠯ࠚᄳౝ఺˞᯵Үܫ҃ڙ

Њѫౡ֖ܲԟஜഴ઱੾శὋ᤯᣾͕Ӑ֖ᐎՋՉᮉԟ

ஜὋ΍ړ࠯ࠚ᣹ҁఝᰳಕэὋᥗБФलԦ̂஋[13-15]ǌ

ఴࢹͺഴםܲ˝ۋ ὇्םٽ Ὀ्PUړ࠯ࠚὋѽ

ၸథᬌЊѫౡᣃ͇AnsysࠪФᤈᛠѫౡὋᆐቂܰႌ

ԌҦ὇P1ὈǋЮᦉԌҦ὇P2ὈǋԌ᎕᧙̾Ԣ஼ᣀጲᤳऎ

ʽםړ࠯ࠚԯˀܦͳᄉଋᝎ्यǋՉ˓ᦉͮᄉ्

Ԫ֖ःҦѫ࣊ኍὋ̋ ᄳౝ఺ၸPUړ࠯ࠚᄉ᝹᝟ଡ

ΘԟᏥǌ

὇aὈӬ्ם

὇bὈࣛ Ԍጊဖ्ם

὇cὈܲ ्ם

ፆౝᇧ਒ړ࠯ࠚ्ם1Ǌ࣡᜸ᄉڎ
Fig. 1ǊSchematic of common lip-shaped

sealing ring structures

1. 3Ǌ͋ᄽѫౡ

2ǌ΍ၸ̭ڎᄉ߶ᜈᇧ਒᜸ړ࠯ࠚPU्םٽ

᠎˝ෳᑟǋชප֖ᆊᆂኍὋᜁ࠯ࠚ᭦˝᧚࡚ܦͳǌ

 ຝऎ˝࣡ຝὋP2˝0 MPaὋ஼ᣀጲᤳऎ˝100ڙ
m·min-1ὋP1ѫѾ˝0. 5Ὃ1. 0Ὃ1. 5Ὃ2. 0֖2. 5 MPa
ௐὋPUړ࠯ࠚᄉ4םˀܦͳጊࠚ᠚ՋὋ्םᦉͮԪ

्ణܷǌ

P1

40
Ф

3 1
00

P2
ชපǋᆊᆂԌҦழՓ ෳᑟԌҦழՓ

ᄉ߶ᜈᇧ਒ړ࠯ࠚPU्םٽ2Ǌڎ
Fig. 2ǊIntallation diagram of four lip-shaped PU sealing ring 
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ڎݟѫѾ࣊ᄉःҦ֖ःԪѫړ࠯ࠚPU्םٽ

3֖4੝ᇧ὇P1˝2. 5 MPaὈǌ

A˖Model，Static Structural
Equivalent Elastic Strain
Type˖Equivalent Elastic Strain
Time˖16
2020�7�7 19�01

0.14847 Max
0.13198
0.11549
0.099003
0.082516
0.066029
0.049541
0.033054
0.016566
7.9038e�5Min

0.00
17.50

35.00
52.50

70.00�mm�

y

x

ڎ̇࣊ःҦѫړ࠯ࠚPU्םٽ3Ǌڎ
Fig. 3ǊStress nephogram of four lip-shaped PU sealing ring

A˖Model，Static Structural
Total Deformation 2
Type˖Total Deformation
Time˖35
2020�7�7 19�04

10.821 Max
9.6199
8.4188
7.2176
6.0165
4.8154
3.6143
2.4132
1.212
0.010919 Min

0.00
17.50

35.00
52.50

70.00�mm�

y

z x

ڎ̇࣊ःԪѫړ࠯ࠚPU्םٽ4Ǌڎ
Fig. 4ǊStrain nephogram of four lip-shaped PU sealing ring 

ᄉణܷଋᝎړ࠯ࠚPU्םٽ3Ժ̾ᄹѢὋڎ̯

ःҦͮ̅ኃ2םԌኃ3ܪםǌ

಩૵థᬌЊѫౡፆ౦Ὃࠪ ᄉፆړ࠯ࠚ्םٽ

ౝ͕ӐଡѢतᝫὙPUړ࠯ࠚᄉኃ4םˀړ࠯ࠚԌဖ

ଋᝎὋॆ P1ᣖܷ˄ҮখԪӐௐὋԌဖࠪړ࠯ࠚᄉኃ4

ᝇǌڒ˝Ԍဖ᝹᝟࠱൤ःځԺᤴ੆੗͝Ὃם

2ǊPUीবͳ҃ܫ

2. 1Ǌ˞᜵ԓ౅஧

ᐐᧈܲЊᧀὋྠ ՁPG-010Ὃ௅ఴʻᖥӐߥМՂ

ֵ̖὚ᐐࣁЮᦲܲЊᧀὋྠ ՁPD-01Ὃ௅ఴܷᠾၘМ

Ղֵ̖὚̃ࣁᦺᐐᦲܲЊᧀὋྠ ՁPBA-110Ὃӧܷ

ӐڃᬶߥథᬌМՂֵ̖὚ႀᔬ̃ऩ඲ᦺᦲ὇TDIὈǋ

̃ᔬႀམ̃ऩ඲ᦺᦲ὇MDIὈ֖ ऩ͹࠶ᦱ̃ऩ඲ᦺ

ᦲ὇IPDIὈὋཎԻʹӧᐐතᦲᐦ͊థᬌМՂֵ̖ǌ

2. 2Ǌ˞᜵᝹٧֖̀ܫ

ຈՋԥः᧛ǋѫߔຈՋฺۋซ఺ǋଋԯ఺ǋ฽

ԑ̀ǋᥰගᆵऎ᝟ǋ́ ᑞડҦណᰍ఺ǋуѣٿी̀ǋ

ᬀАᬟᇛᏱ֖̀ᏤӐណᰍ኷ǌ

2. 3ǊᮔᐐྫྷՋ੆

ଋክᄉԥःࡊᜈథຝऎ᝟ǋ଴ણ٧֖ᄽቆڙ

᧛˖ҪЙܲЊᧀὋڙຝऎ˝100̚120 ć֖ԌҦ

˝ˉ0. 096 MPaʽͳጆᑱප1̚1. 5 hՐᬋຝᒯ50 
ć̾ʽࣲҪЙ̃ऩ඲ᦺᦲὋڙධචγએʽ̅ຝऎ

80̚85 ćʽԥः4 hὋ฽᧙ऩ඲ᦺᦲ۲὇úNCOὈ᠎

᧙ѫஜǌڙúNCO᠎᧙ѫஜ᣹ҁူ᝶ϘՐὋͳጆ

ᄽቆᑱචงࣲᬋຝ࠯ࠚὋ३ҁᮔᐐྫྷǌ

2. 4ǊीবͳڌӐ੆ۋ

ᮔᐐྫྷ֖ੰᩖҍѫѾҪЙฺซ఺ᄉA஧Ꭸ࠱

֖B஧Ꭸ˖ǌॆA஧Ꭸ֖B஧Ꭸᄉຝऎ᣹ҁ᝹߿ຝ

ऎՐ੩९ဖ20̚30 minὋࣲ ૊ཱ᝟᧙ඊࠪAጷѫ֖

Bጷѫᤈᛠಕ߿Ὃ᣹ҁ᝟᧙ඊՐԀԺڙ࠱఺ܿຈՋ

ӈᄉ஧ฺซҁഴХ˖Ὃ࣡ڨ ຝڌӐ4 hՐ100ڙ ć
ཋ኷˖ཿӐ12 hՐὋ३ҁណಧǌ

2. 5Ǌፆ౦ˀᝦ᝶

2. 5. 1Ǌ̃ऩ඲ᦺᦲᤤસ

̾ᐐᧈܲЊᧀ֖̃ऩ඲ᦺᦲ˝ԓ஧Ὃ҃ ܫ

úNCO᠎᧙ѫஜ˝6.5%ᄉᮔᐐྫྷὋՐፂੰᩖҍੰ

ᩖՋ੆PUीবͳǌ

ʿՎ̃ऩ඲ᦺᦲᄉPUीবͳྫྷူবᑞݟᛪ1

੝ᇧǌ

ᛪ1ǊʿՎ̃ऩ඲ᦺᦲᄉPUीবͳᄉྫྷူবᑞ
Tab. 1ǊPhysical properties of PU elastomers with 

different diisocyanates

ᮉǊǊᄫ
̃ऩ඲ᦺᦲ

TDI MDI IPDI
ᥰ࠶Aۋᆵऎ/ऎ 91 85 44
ડͨुऎ/MPa 41. 9 42. 5 6. 1
ડறͨ᫁ည/% 484 502 620
ୟᜇुऎ/὇kN·m-1Ὀ 91 95 46

̯ᛪ1Ժ̾ᄹѢὋ̃ ऩ඲ᦺᦲࠪPUीবͳᄉྫྷ

ူবᑞథᣖܷॕֽǌڙᮔᐐྫྷúNCO᠎᧙ѫஜᄰ

ՎᄉৰхʽὋTDI۲ीবͳᄉᆵऎణܷὋડͨुऎǋ

ડறͨ᫁ည֖ୟᜇुऎ႔̅࠴MDI۲ीবͳὋԓ

௦TDIˀФੰᩖҍ̃᥵න̃ᔬᑜႀམ὇MOCAὈځ
ᄰ̈ͺၸὋMOCAѫߔ˖դథᄉˏ˓ᔬဖ֖ත۲

ˀऩ඲ᦺᦲ۲ԥः्੆ᑲ۲Ὃᑲ۲Ժ्੆Ԥඩ᪃Ὃ

̯Ꮺᠱ̀ीবͳᣖܷᄉᆵऎ֖ѷব὚IPDIѫߔ˝

ʿࠪሥᄉᑟဖிፆౝ˄ˏ˓úNCOᄉาবᄰࢿᣖ
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ܷὋ࠭ ᒰФ፫Ջবᑞڨᣖࢿ὚MDI۲ीবͳᄉੰ

ᩖҍ˝1Ὃ4-ʷ̃ᧀὋФѫߔ˖ʿդᔬဖὋ˄ Ꮓ۲

ˀúNCOԥः्੆ᄉත۲ႀᦺᦲ۲्̨੆Ӭඩ

᪃ὋᏪMDIፆౝ˖դథࠪሥᄉԤᔬဖὋФᆵൿ௛

̅ᐐᬶࣲ̖ၶʶ߿ርऎᄉॱᄰѫሎὋځ൤MDI۲
ीবͳᄉડͨुऎǋડறͨ᫁ည֖ୟᜇुऎܷڨ

̅TDIीবͳὋᛪဗѢᣖݝᄉ፫Ջবᑞǌ

2. 5. 2ǊܲЊᧀᤤસ

MDI֖ʿՎܲЊᧀՋ੆ᄉPUीবͳᄉྫྷူব

ᑞݟᛪ2੝ᇧǌ

̯ᛪ2Ժ̾ᄹѢὙPG-010۲ीবͳᄉᆵऎ֖ୟ

ᜇुऎణ࠴Ὃᤇ௦ၿ̅ᐐᧈܲЊᧀፆౝ˖ᧈඬ۲

ᄉ౜বͯ̅ᦲ۲Ὃፆౝಀᮊবᣖݝ੝ᒰ὚PD-01֖
PBA-110ፆంবᣖुὋФीবͳᄉᆵऎ֖ୟᜇु

ऎܷ̅ڨPG-010۲ीবͳὋ˄ PD-01֖PBA-110
۲ीবͳᄉડͨुऎᄰᤂ὚PG-010֖PD-01۲ी

বͳᄉԌ᎕බˣԪ्̅࠴PBA-110۲ीবͳ௦ၿ

ᛪ2ǊʿՎܲЊᧀᄉPUीবͳᄉྫྷူবᑞ
Tab. 2ǊPhysical properties of PU elastomers with

different polyols

ᮉǊǊᄫ
ܲЊᧀ

PG-010 PD-01 PBA-110
ᥰ࠶Aۋᆵऎ/ऎ 91 94 93
ડͨुऎ/MPa 41. 9 46. 5 45. 7
ડறͨ᫁ည/% 484 326 502
ୟᜇुऎ/὇kN·m-1Ὀ 91 94 96
Ԍ᎕බˣԪ्1Ὀ/% 26 26 28
ᬀАᬟᇛᏱ᧙/cm3 0. 013 0. 012 0. 012

ซὙ1Ὀ฽ណ్͇˝70 ć×24 hǌ

̅ᐐᧈܲЊᧀ֖ᐐࣁЮᦲܲЊᧀѫᩖߔᄉಀᮊব

֖ीবᣖݝ὚PG-010۲ीবͳᄉᬀАᬟᇛᏱ᧙႔

ܷ̅Ф̴ˏሗܲЊᧀ۲ीবͳ௦ၿ̅ᧈඬ۲ᄉ౜

ব֖ЮᐐҦᣖᦲ۲ͯ੝ᒰǌ

PUीবͳᄉᏬ̭᠎বᑞ˞᜵Ԩф̅ܲЊᧀǌ

ʿՎܲЊᧀՋ੆ᄉPUीবͳ70ڙ ćප˖๒งʿ

ՎௐᫍᄉবᑞԪӐ5ڎݟ੝ᇧǌ

5Ժ̾ᄹѢὙPG-010۲ीবͳᄉխපည֖ڎ̯
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Fig. 5ǊProperty variation of PU elastomers soaking in 70 đ water for different time
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ୟᜇुऎγ૆ညణܷὋડͨुऎγ૆ညˀPD-01۲

ीবͳᄰॆὋឬ௙ФᏬපবణݝ὚Фᆵऎγ૆ည࠴

̅PD-01۲ीবͳ௦ၿ̅ᧈ۲ᄉխපညᰳ̅ᦲ۲Ὃ

੝խஅᄉපѫᡐҁ܇ܘҍᄉͺၸǌ

ᓧᝇऎᏥᘼὋPD-01֖PBA-110Ջ੆ᄉࢹ̯

ᮔᐐྫྷዤऎᣖܷὋฺ ซௐྫྷ஧ึҮবࢿὋѕᑚௐᫍ

ᆀὋࢹᓧবᑞᣖࢿ὚ᏪPG-010Ջ੆ᄉᮔᐐྫྷዤऎᣖ

ͯὋ᧛˖֐࠮᫁Ὃࢹᓧবᑞݝǌځ൤Ὃ҃ ᄳౝ఺ܫ

˞᯵Үړ࠯ࠚPUीবͳᄉܲЊᧀᯪᤤPG-010ǌ

௃᝶௦̯ၶ̖ࢹᓧᤆ௦̯ᄳౝ఺΍ၸࢹхᄉ

᤟ၸব౎ᝮὋᤤસPG-010ˀMDIՋ੆ᄉPUीবͳ

ᣖ˝᤟Ջǌړ࠯ࠚ᯵Ү˞ܫ҃

3Ǌၶ̖᝹ࢹ֖ܫᓧᄉஇᤈ

᣾ር˖Ὃາۋᄉ੆ړ࠯ࠚᄳౝ఺˞᯵ҮPUڙ

ච֖ᢻᫍᄉዟ͗࠹΍ړ࠯ࠚᄉᛪ᭦्੆චงǋ᧪ߗ

֖ѡگኍᎤᬝὋ᧪ࠪ൤ዜ᫇ᮤଡѢஇᤈଏஶݟʽǌ

὇1Ὀࠪ ᄳౝ఺˞᯵ҮPUړ࠯ࠚᡓыၶ̖ᢻᫍ

ᤈᛠஇᤴὋᆷγၶ̖ဖܑᄉผы়֖ຝ়າὋ΍ၶ

̖ᢻᫍผыऎ᣹ҁ10ʹጞǌ

὇2Ὀ΍ၸХథᰳዴऎѫߔຈՋฺۋซ఺֖Х

థຝऎᒬᛩϩҩᑞᄉᤋ፝ᆴӐ఺Ὃᦠᰳܫዴऎຝ

ऎǋௐᫍǋᤳऎଌ҃ጆፑὋ࠱ᒬҮ᝟᧙ฺซࢹᓧǋᤋ

፝ᆴӐࢹᓧǋஞͳ੆ࢹۋᓧǋ় ຝᛩϩࢹᓧ֖ዴଌ

ഴХ्ࠩࡆ੆థ఺ፆՋὋ् ੆˿ʶஞࢹݒᓧԺଌ

ᄉPUړ࠯ࠚᤋ፝Ӑၶ̖ጲὋ੝३ֵ̖۲ఴ௃ܰ᜹

ᎤᬝὋ̖ ֵ᠎᧙ǋࠩࡆዴऎ֖፫Ջবᑞ३ҁ௙௬ଡ

ᰳǌ࠱ఴᆐ҃ᄳౝ఺˞᯵ҮPUړ࠯ࠚˀˏ൛ᤈԯ

Վ᜺ಪړ࠯ࠚᤈᛠඊᣖ὇᜸ᛪ3ὈԺ̾ᄹѢὋఴᆐ҃

PUړ࠯ࠚᄉবᑞڨ᣹ҁ੊ᡓ᣾ᤈԯړ࠯ࠚපࣰὋ

Ժ߸К໗ᡛᄳౝ఺ᄉ΍ၸ᜵යǌ

὇3Ὀ˝᝿͈ᄳౝ఺˞᯵ҮPUړ࠯ࠚᄉ΍ၸ

বᑞὋᒬ҃˿ᤂࢹхഴ઱೜฽ࣰԻ̾᝿฽ړ࠯ࠚ

Ү/᭡খᄉణܷ੽ԌᑞҦ֖ᐿᦉधըᑞҦԢᇛ૮

ৰхὋѽၸԌ᎕ႴҶ฽ណ఺ࠪᤋ፝ᆴӐ᧗ཁᦉͮ

ᤈᛠ฽ណὋ३Ѣ˞᯵ҮPUֵ̖࣡ړ࠯ࠚ᜺ႴҶ࠮

ᛪ3Ǌᄳౝ఺˞᯵Үړ࠯ࠚᄉবᑞඊᣖ
Tab. 3ǊProperty comparison of main drive sealing rings of shield machine

ᮉǊǊᄫ PUړ࠯ࠚ
ᤈԯړ࠯ࠚ
὇̫ ᑷൂᑚὈ

ᤈԯړ࠯ࠚ বᑞૈಕ ណᰍழก

ᥰ࠶Aۋᆵऎ/ऎ 90 83±3 92 90±3 GB/T 531. 1ú2008
ડͨुऎ/MPa 48. 5 Ō16 42. 6 Ō35 GB/T 528ú2009
ୟᜇुऎ/὇kN·m-1Ὀ 103 Ō30 103 Ō85 GB/T 529ú2008
ડறͨ᫁ည/% 486 Ō180 413 Ō350 GB/T 528ú2009
%/ीϘٿ 42 41 Ō30 GB/T 1681ú2009
ᬀАᬟᇛᏱ᧙/cm3 0. 012 0. 012 ŋ0. 030 GB/T 1689ú2014
Ԍ᎕බˣԪ ὇्70 ć×24 hὈ/% 22 ŋ30 25 ŋ28 GB/T 7759. 1ú2015
70 ć×24 hབቆචᏤӐ GB/T 3512ú2014
Ǌᥰ࠶AۋᆵऎԪӐ/ऎ ˇ1 ˇ2 0̚ˇ4
ǊડͨुऎԪӐည/% ˉ2. 5 ˉ12. 0 ˉ4. 0 ŋˉ16. 0
Ǌડறͨ᫁ညԪӐည/% ˉ6. 3 ˉ12. 1 ˉ8. 0 ŋˉ18. 0
70 ć×24 hᴐᣂෳ๒ง GB/T 1690ú2010
ǊͳሤԪӐည/% ˇ1. 3 ˇ2. 0 ˇ1. 4 ˉ5. 0̚ˇ5. 0
Ǌᥰ࠶AۋᆵऎԪӐ/ऎ ˉ2 ˉ2 ˉ2 ˉ5̚ˇ5
70 ć×24 h࠯ࠚෳᑟ๒ง GB/T 1690ú2010
ǊͳሤԪӐည/% ˇ1. 4 ˇ1. 9 ˇ1. 5 ˉ5. 0̚ˇ5. 0
Ǌᥰ࠶AۋᆵऎԪӐ/ऎ ˉ2 ˉ2 ˉ2 ˉ5̚ˇ5
50 ć×60 d๒งՐв60ڙ ćʽ࣯ྋ24 h
Ǌᥰ࠶AۋᆵऎԪӐ/ऎ ˇ1 ˉ1 ˉ5̚ˇ5
ǊડͨुऎԪӐည/% ˉ4. 2 ˉ4. 6 ŋˉ18. 0
Ǌડறͨ᫁ԪӐည/% ˉ3. 5 ˉ4. 2 ŋˉ18. 0
Ǌͯຝᑠব ˉ40 ćʽуѣ ˉ35 ćʽуѣ ˉ40 ćʽуѣ ˉ40 ćʽуѣ

௃ᜇጮ ௃ᜇጮ ௃ᜇጮ ௃ᜇጮ
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൒ǌʹ90˝֐

᤯᣾ʼᤗʶጆѴᄉֵ̖᝹᝟ǋ҃ ǋ᝿͈֖ःܫ

ၸᰍ᝼Ὃ् ੆˿ХథڍᬄЎᤈපࣰᄉᄳౝ఺PUࠚ

ᤋ፝ᆴӐၶ̖੾శǌړ࠯

4Ǌࢹርःၸ

˝೜ᰍᄳౝ఺˞᯵ҮPUࠃڙړ࠯ࠚᬄࢹር˖

ᄉःၸবᑞὋ࠱ఴᆐ҃PUړ࠯ࠚᯪЎःၸ̅Пࢶ

ὋPU[6὇aὈڎ᜸]ርࢹࢹᨠቇᡔ᳦෱ชපᄳౝஶڠ

ǋᏬප֖ᏬᇛবᑞὋАన࠯ࠚᄉݝ௬ᇧ˿ᓡړ࠯ࠚ

ͺ᭦ᲷԂᆂդ᧙ܷǋᆊᆂዡफ़ܷǋुࢹ˿ ऎᰳԢդ

ප᧙ܷᄉ᫇ᮤǌᄫґὋఴᆐ҃PUࣸࣂړ࠯ࠚคः

ၸ̅ڍЮᬪ᥊ࢹርஶࢹ[᜸6ڎ὇bὈ]ǌ

὇aὈПڠࢶᨠቇᡔ᳦෱ชපᄳౝஶࢹၸᄳౝ఺

὇bὈڍЮФ̴ᬪ᥊ࢹርஶࢹၸᄳౝ఺

ړ࠯ࠚርःၸᄉᄳౝ఺˞᯵ҮPUࢹᬄࠃ6Ǌڎ
Fig. 6ǊMain drive PU sealing rings of shield machines for

practical engineering application

5Ǌፆ᝶

὇1Ὀ᤯᣾థᬌЊ͋ᄽ੾శὋࠪ ᄳౝ఺˞᯵ҮPU

ᄉፆౝ᝹᝟ᤈᛠ˿͕Ӑǌړ࠯ࠚ

὇2Ὀᆐቂ˿˞᜵ԓ౅஧ࠪPUीবͳবᑞᄉ

ॕֽǌ

὇3Ὀ᤯᣾ࠪᡓыၶ̖ᢻᫍᄉஇᤴǋᤋ፝Ӑၶ̖

᝹ࢹ֖ܫᓧᦠݒǋ̖ ֵ᝿฽ࣰԻतበὋ΍ᄳౝ఺˞

᯵ҮPUړ࠯ࠚᄉֵ̖বᑞǋ֖ࠩࡆ᠎᧙३ҁːಪ

ઁଌǌఴᆐ҃PUڙړ࠯ࠚПڠࢶᨠቇᡔ᳦෱ชප

ᄳౝஶڍ֖ࢹЮФ̴ᬪ᥊ࢹርஶڨ˖ࢹᖌ३ᓡݝ

ᄉःၸ஌౦ǌ

ԟᏥ஠࿸Ḭ
[1]  ᔚᤈ੥. ܷ᫁ᬪวTBMᰳ஌ଇᤈஶࢹγᬩଏஶଉᝦ[J]. ᨠ᥊तኒ

੾శὋ2020὇8ὈὙ141-144.

ǊǊ YUAN J C. Discussion on safeguard measures of high efficient 

excavation for long tunnel using TBM[J]. Railway Construction 

TechnologyὋ2020὇8ὈὙ141-144.

[2]  ృ๦иὋӬ̤̜Ὃృ๦ژὋኍ. ᄳౝ఺˞᯵Ү࠯ࠚ፤νஇᤴС᪃੾

శ[J].᜴߶መ੾ܷߥߥઐὋ2014Ὃ34὇5ὈὙ579-584.

ǊǊ LI R JὋSHAN R LὋLI R SὋet al. Key technology of shield machine 

main drive sealing[J]. Journal of Xiýan University of Science and 

TechnologyὋ2014Ὃ34὇5ὈὙ579-584.

[3]  ᰳ ͚᠊ὋᥞበᖸὋष။˙. ᄳౝ఺˞ᣈ੽࠯ࠚፆౝᆐቂ[J]. ᆇࡢ఺

೙Ὃ2008Ὃ36὇13ὈὙ21-23.

ǊǊ GAO W XὋDENG L YὋZHANG R L. Research on the seal structure 

of main bearing for TBM[J]. Mining & Processing EquipmentὋ2008Ὃ

36὇13ὈὙ21-23.

[4]  ѵ֑߰. ᄳౝ఺˞ᣈ੽࠯ࠚᄉុஞ֖ఝ૰[J]. तኒ఺೙὇̓ Ӧ

తὈὋ2006὇9ὈὙ101-103. 

ǊǊ LIU J N. Adjustment and replacement of main shaft seals of shield 

machine[J]. Construction MachineryὋ2006὇9ὈὙ101-103.

[5]  ॓ .Ὃဌҩ๑ὋՀˆᕥὋኍގ ၸᐐතᦲीবͳᄉՋ੆ԢФবړ࠯ࠚ

ᑞᆐቂ[J]. ᐐතᦲࢹˉὋ2016Ὃ31὇6ὈὙ37-39. 

ǊǊ PENG WὋWANG G HὋYE S RὋet al. Study on preparation and 

properties of polyurethane elastomers used for sealing rings[J].

Polyurethane IndustryὋ2016Ὃ31὇6ὈὙ37-39.

[6]  ဌ௳пὋ݊ߛ᫙Ὃ̼ ংֽὋኍ. ᫑᫘ၸᐐතᦲ࠯ࠚړ࠯ࠚবᑞഴ઱

ᆐቂ[J].  .Ὃ2022Ὃ48὇8ὈὙ16-20ܫ੾శˀᜈ܇ൂ

ǊǊ WANG X DὋSUN F GὋDAI Z XὋet al. Simulation research on 

sealing performance of polyurethane sealing ring for gate valve[J].

China Rubber/Plastics Technology and EquipmentὋ2022Ὃ48὇8ὈὙ

16-20.

[7]  ృ๑߰Ὃృ˜Ὃᣬள. ۲̅ANSYSᄉᐐතᦲᘗ्ړ࠯ࠚథᬌЊѫ

ౡ[J]. ๦໎ˀ࠯ࠚὋ2015Ὃ40὇4ὈὙ82-85. 

ǊǊ LI N HὋLI DὋXIN X. Finite element analysis of polyurethane Lei-



938 ൂǊᑚǊࢹǊˉ 2022ࣱኃ69ԃ

Development and Engineering Application of Main Drive Super-large

PU Sealing Ring of Shield Machine
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AbstractὙAiming at the problems existing in the production and application of the main drive super-
large polyurethane὇PUὈ sealing ring὇PU sealing ring for shortὈ of shield machineὋthe structure of the 

main drive PU sealing ring of shield machine was simulated and optimized using the finite element analysis 

software Ansys. The influence of main raw materials on the properties of PU elastomer was studiedὋthe 

production environmentὋsupporting equipmentὋprocess and product evaluation platform of the main drive 

PU sealing ring of shield machine were optimizedὋand a complete set of automatic continuous vulcanization 

production technology was establishedὋwhich ensured the quality stability of the main drive PU sealing ring 

of shield machine and its good application effect in practical engineering.
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