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Relaxation Characteristics of Simulated Interfacial Pressure Between Locomotive Cable and

Accessory Under Extreme Ambient Operating Temperatures

WANG Xia, YE Xunzhi, WU Chao, MIAO Zhe, WU Kai
(State Key Laboratory of Electric Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710115, China)

Abstract: In recent years, accidents in flexible cable terminals for high-speed locomotives have occurred frequently under
extreme ambient operating temperatures, which has seriously impaired the safety of railway transportation. According to
the extreme temperature (—40~90 °C) of actual locomotive operation, the influence of extreme temperature on the inter-
face pressure of cable and accessory insulation is discussed by comparing and analyzing the elastic modulus change of
silicone rubber materials used in cable accessories in the process of high temperature, low temperature, and high-low
temperature cycle and the stress relaxation characteristics under the expansion state. The results show that the interface
pressure relaxation rate of the expanded silicone rubber material is nearly 30% at a high temperature of 90 ‘C, is
10%~20% at a low temperature of —40 °‘C , and is as high as 50% after 120 h of high-low temperature cycles
(—40~90 °C). Therefore, a significant decrease in the interface pressure of cable and accessory insulation under extreme
temperatures may have a significant impact on the insulation performance of locomotive cable terminals.

Key words: flexible cable terminal; silicone rubber; extreme operating temperature; interface pressure; stress relaxation
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Fig.1 Diagram of the simulated interface pressure test device
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Table 1 The elastic modulus of silicone rubber at high

temperatures
/T 25 50 70 90
E'/MPa 0.587 0.548 0.520 0.499
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Table 2 Storage modulus of silicone rubber at low

temperatures (by DMA)
g/ C 15 0 —40 —60
E'/MPa 1.332 1.415 2.508 30.177
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Fig.5 Stress relaxation curve of silicone rubber in 150%

expanded state at low temperatures
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Table 3  Stress residual rate of silicone rubber in 150%

expanded state at low temperatures

I [B]/min ®
{HE 25 C 25~0 C 25~-20 ‘C 25~40 ‘C 25~60 C
60 0.902 0.902 0.902 0.902 0.902
80 0.895 0.874 0.864 0.847 0.818
100 0.890 0.870 0.860 0.837 0.806
120 0.886 0.866 0.857 0.834 0.816
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Fig.7 Interface pressure relaxation curve of silicone rubber in
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Table 5 Interface pressure residual rate of silicone rubber in

150% expanded state at high temperature

R 'Y
i} 8]/ min i 8]/ min
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Table 6 Interface pressure residual rate of silicone rubber in

150% expanded state at low temperature

R
i} 8] /min
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50 1 1 1 1
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Fig.10 Interface pressure relaxation curve of expanded sili-

cone rubber during high and low temperature cycles
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Table 7 Interface pressure residual rate of expanded silicone

rubber during high and low temperature cycles

R

PrakE%
24h 48h 72h 96 h 120 h

125 0.784 0.776 0.776 0.764 0.757 0.743
150 0.565 0.544 0.544 0.553 0.557 0.531
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Fig.11 Interface pressure relaxation curve of silicone rubber

in 150% expanded state during high and low temperature cycles

A hb 7
A IR e

0.8
0.6/ } ™
- }
0#;\1 J 1 r
0.2 5, / \___1,\-,\ J‘.m' \\\1 J \
_ - [ N

700 800 900 1000 1100 1200 1300 1400 1500
WH/em!

K12 AR RN R 204 1 1
Fig.12 Infrared spectra of the specimen after high and low

't

1]

temperature cycles pressure test

TR I A K. Mok T AR 4 IR
LA Rt — PR AT T o

4 ZEig

1) R GRAS HIRERR B} i) 55 P A B i P



T OB, MR, ROE, S BORIS AT SERIE TR S RS R D RRA SRR 491
(31 EORE, RRE, s, % R RGN 2R s

4000

& 4k F
40 C . 150%%" 3K Ja ikt

1000

1 n 1 n 1 n 1 n 1 n "
10 15 20 25 30 35 40 45 50
T4 A1(%)

1 n 1 n 1

13 IR R e It R A XRD K 26
Fig.13 XRD curve of the sample after the low temperature

pressure test

FIFt (R L) 90 C)E A BRI, BEIR 1 PR A
HIN(EEL-40 C).

2) oK A IRERR A 1 B 7 2 5t 2 B T
TR (EIRL) 90 C)IFHI AR HEHRIET 30%,
XEZRBEE. M7 IEEAE RS R 5+
B it ot FEFTE

3) T oK A IRERR A R 1 B 7 2 5t 2 B T
FIRRR(ZEL-40 C)FWig R, HyskRis,
IR St ZE K o TH A0 R VG FEIE 10%~20%, 3XAJ
Aefe KR 77373k EVE A AR R s AL IR
FESERHTHTEL

4) KA IR A RE SR IE(-40~90 C)
5d (120 h) 5, 150%F 7K 2 IREAG B 46 2k THI R A0 R 2R
2] 50%, X F B e ARES . N3 LA A
IR .

gi b, PRI N A S M A 2 T R
1 BB FIFEE M N RS T— e I EM, S
JE 700N B AT e A2 175 AL ZE o 205 2 7 AR iy P S5
FE MO M E R R 2 —

S22 #k References

(1] ™ B, REE SREBEEORM]. 3R JE: hEEII R
, 2015
YAN Zhang, ZHU Deheng. High voltage insulation technology[M].
3rd ed. Beijing, China: China Electric Power Press, 2015.

2] s A IR TR R AU S 0 77 E R BT L (D).
HHR: PURSSE K, 2012
GAO Guogiang. Study on the over-voltage mechanism and suppress-
ing method for high-speed train[D]. Chengdu, China: Southwest
Jiaotong University, 2012.

(4]

(5]

(6]

(7]

(8]

(]

(10]

(1]

[12]

[13]

Uiy ST OB E R [T]. L EOR 24, 2020, 35(3): 646-658.
BAI Longlei, ZHOU Lijun, XING Limeng, et al. Effect of low tem-
perature on interface discharge characteristics of ethylene-propylene
rubber cable termination in high-cold environment[J]. Transactions of
China Electrotechnical Society, 2020, 35(3): 646-658.

HE, FRZE, WK, % 40T T EPR B850 Bk
HUR ERFIED]. M EROR, 2020, 46(10): 3605-3614.

BAI Longlei, ZHOU Lijun, CAO Weidong, et al. Characteristics of
partial discharge in air gap defects in EPR cable termination under
-40 'C  condition[J]. High Voltage Engineering, 2020, 46(10):
3605-3614.

;O KO, ARE, F SREREME RIS E
ST F A RRRIBT ). BREEIR, 2020, 42(4): 59-65.

GUO Lei, ZHU Lin, BAI Longlei, et al. Study on extension and
breakdown of discharge channel in flexible cable terminal in electric
locomotive operating in alpine region[J]. Journal of the China Railway
Society, 2020, 42(4): 59-65.

B, E AL, KBRS, IR LA e A S M 2
2 B K SRS R]. AL SRR, 2017, 4003):
12-15.

YANG Fan, WANG Wei, ZHENG Weifei. Influence and response of
electric locomotive high voltage cable flexible terminal used in plateau
environment[J]. Electric Locomotives & Mass Transit Vehicles, 2017,
40(3): 12-15.

KBk TR R ST I S I AR A 0 31 R S M AR [D]. AR
#: PHRSCIERE, 2018.

ZHU Lin. Electric field simulation and structural optimization of cable
termination and line side cubicle for locomotive in alpine region[D].
Chengdu, China: Southwest Jiaotong University, 2018.

B, AT, KEZ, 5. EENER IR MR RIS )].
R HIA, 2010, 31(4): 17-19, 23.

HUANG Yanhua, SUN Quanji, MI Zhian, et al. Effect of organic side
group on low temperature-resistance of silicon rubber[J]. Special Pur-
pose Rubber Products, 2010, 31(4): 17-19, 23.

T, AR NSRBI AR S 0 R AU (D). dbat.
JEHIIRZELRT), 2019.

WANG Hongxu. Study on the DC electrical and mechanical properties
of silicone rubber at low temperature[D]. Beijing, China: North China
Electric Power University (Beijing), 2019.

WEN X S, YUAN X Q, LAN L, et al. RTV silicone rubber degrada-
tion induced by temperature cycling[J]. Energies, 2017, 10(7): 1054.
Silgm, B, WM, F IR AG R R #
TR Z R ERTTE]. Mk rLEs, 2020, 56(9): 159-165.

JIN Haiyun, MA Jiawei, ZENG Yang, et al. Study on thermal-cooling
aging characteristics of room temperature vulcanized silicone rubber
insulation and protection materials[J]. High Voltage Apparatus, 2020,
56(9): 159-165.

TR, EWE, TR RS B R K IR A B A e
WHICL). 4E804KL, 2021, 54(12): 28-31.

ZHANG Wenwen, WANG Shenghui, LU Fangcheng. Research on low
temperature physical properties of silicone rubber and fluorosilicone
rubber materials[J]. Insulating Materials, 2021, 54(12): 28-31.

BFIE, BSILEGE, 2Rk, 2. REAEX H g v ) Sk AR T 2
PERIFEIALT). RHERR, 2021, 47(11): 4055-4062.

ZHAO Lihua, QIU Jiuhao, LI Yanshu, et al. Effect of silicone grease
on mechanical properties of silicone rubber for cable intermediate
joint[J]. High Voltage Engineering, 2021, 47(11): 4055-4062.



492 e B R 2023, 49(2)

T BCEFEFEH)

1976—, 4, W, FIER, #He
FENFREIFP AN TR AR
E-mail: wxflying@mail xjtu.edu.cn

[14] £ & #5l, & 8, & SFECEOMME RS i g
FHIEIRITTET L] R EEOR, 2022, 48(1): 38-46.
WANG Xia, FAN Zhuoyang, WU Chao, et al. External fiber grating
sensor used for measurement of interface pressure between cable and
accessory[J]. High Voltage Engineering, 2022, 48(1): 38-46.

[15] TOKI S, SICS I, HSIAO B S, et al. Probing the nature of

strain-induced crystallization in polyisoprene rubber by combined

thermomechanical and in situ X-ray diffraction techniques[J]. Macro- WANG Xia
molecules, 2005, 38(16): 7064-7073. Ph.D.
[16] BrmE, TKaTée, WK, 5. @KIR TR 3R Tk LR AR Associate professor
FUbEAE FR[CY/ R B2 2017 & E o F AR WSOk S i 24k Corresponding author
R C: AT AR, A IRILES, 2017: 5T, v
CHEN Pinzhang, ZHANG Qianlei, CHANG Jiarui, et al. 1998—, 3, #it4E
Strain-induced crystallization of polymethylvinylsiloxane at ultra-low F IR B R BE AR 5 v B A T AR
temperature[C] // Chinese Chemical Society 2017 National Polymer ’ E-mail: EverexY @stu.xjtu.edu.cn

Academic Papers Conference Abstracts-Theme C: Polymer Physics
and Soft Matter. Chengdu, China: Chinese Chemical Society, 2017:
57.
[17] HAMDAN M A, PILGRIM J A, LEWIN P L. Thermo-mechanical YE Xunzhi
analysis of solid interfaces in HVAC cable joints[J]. IEEE Transactions
on Dielectrics and Electrical Insulation, 2019, 26(6): 1779-1787. ks H ] 2022-08-25 &RIH#  2022-12-20 gt EIEAE




<<
  /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


