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Phase characteristics of coaxial cable caused by
temperature and mechanical bending
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Abstract: In the phase-sensitive electronic system, it requires steady phase against environment
temperature and mechanical deformation to ensure the low distortion of signal. Phase characteristics of
coaxial cable with different structures are theoretically analyzed and experimentally verified in the
temperature range of —20-60 C and static mechanical bending radius range of 50-200 mm, and the phase
sensitivity change with temperature and mechanical bending of two common coaxial cables is obtained.
When the temperature is in 0-10 °C, the phase shift of the cable will suddenly increase. When the bending
radius increases from 50 to 200 mm under static mechanical bending, the phase shift of the cable will be
reduced by half. The influence of these factors should be taken into account when selecting coaxial cable
and determining the application environment.

Keywords: coaxial cable; phase characteristics; temperature; mechanical bending

TR [l Fh 20 2% A 57 R 1 DR 7 R AN 8 (8 R A IRl rL 5, 6 X TR AR S AR SR B R T R R AT
N, SR R PR 8 L AR b AN R B ALK B 0 A A AR i 5 R A i B AR A AR AR BN, LA PR B A 5 AR A5 5
A% AN TE = B F 40k (High Power Microwave, HPM) 4 AIF5E b, K45 AL 26 2 G 0 HI X HPM 5 A9 i 38t A i 2
SR O R R E L T RGO BRI C A T B AR AL AL IE R GE, A AR 4 AR R ST g
BBy, AR A O SR A RS, s BN R o (HAESE PRI T [l R S 2 RO A ) R
A i shiE ; REREERBEK, SHRGEARRK B34 7 e HAR TAER .

IS 6 28 22 B0 S, TR) il e 8 R R RS 2 S ORI B 0 A i, TR s R LA S o TRl e
Z 30 0 FH R DU SR M A R N AN AR B A TR RL , AR IR ML S R AR AR AE , K R B T, R
ORI W SAELE IR BIR S AL R PR A N R AR LIRS, PR IR Y RS 2 5|k F 4 A A
G RO TR B S Ty e Tk kR R A AR A7 R R 2 PV A i e T X R G AT R

LU 0T AT LA G B B DR/ R S A R B4 T R AR S R, HLE T B A sl IR T R AR R R g,
P05 1 A AT AR S 8 0 1 3 PR 18 IE RO R BTN DR I A 6 LR T T RE FATL A 25 ol o e A AL R AR AL R, 40 i

Wi BEHY: 2017-11-17; &EHHEH: 2018-03-08




622 AMZBMFERFRERFER 17 %

RS O P A BRI R o AR SCa o I 2 M, 49 31 [R] il F 48 B A I BT A AR 62 AR A OE AR 5 AR S ) i ek
P FVHLAR A5 1 3 A8 1 ) ol v, A i A L B S BB E XS LE , SRR BIS ST  BR S 4 Hh AR ST Y S5 R A R DY B iR
JEE A i 220K

1 FEMHESEHEALCTHHNERE
1.1 EAMBERMESNEN

T [ i A — e N R A R SERET . SNSRI Z R E R, T R e
T RGP A A A2 T L B R A 545 R T P 1 R, B 1(a): BB A IRZE . AR
YEE . PR 22 g A5 K 18 1(b): AR BRI R A RS A MRS AL L. 2 Fh
S5 DX AE T 1(0) B 26 25 J2= AN SR Z 1) A — )2 DR A i £ G S48 4, AT LS 31 B e 14 J5 RS8OSR AN i v
gy, P AHRT LR B AR T

ilver-plated inner conductor

dielectric layer

polyimide aluminum plastic belt wrapping

ilver plated copper wire weaving / ';-'!_"- z o silver-plated copper flat wire weaving

protecting jacket C;
(a) structure 1 (b) structure 2
Fig.1 Structure diagram of coaxial cable
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Tablel Parameters of common dielectric materials

dielectric materials effective permittivity  dielectric loss angle tangent/10*  temperature class/'C linear thermal expansion coefficient/(10™ ‘C %)
PE 2.28-2.35 2-5 -55-85 1.10-1.30
physically foamed PE 1.20-1.30 <1 -55-85 1.10-1.30
FEP 2.10 <2 -65-200 0.80-1.05
PTFE 2.10 <2 -65-250 1.0
microcellular PTFE 1.45-1.65 <1 -65-250 1.0
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Table2 Testing results of phase changing vs. temperature of coaxial cable

temperature control box

coaxial cable

A

C

vector network
analyzer

Fig.4 Experiment of phase changing vs. temperature of coaxial cable
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Fig.5 Trends of phase vs. temperature(normalized)
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phase of phase-compensated cable/(°)

phase of standard coaxial cable/(°)

7I°'C
loop 1 loop 2 loop 3 loop 1 loop 2 loop 3
-20 77.40 77.68 76.70 44.33 42.17 44.03
-10 80.34 81.21 79.65 46.35 44,73 45.59
0 87.53 88.41 86.46 50.21 49.16 49.73
10 103.30 102.90 102.10 54.38 51.71 53.26
20 105.20 105.70 105.90 74.39 75.11 75.25
30 105.70 106.00 106.20 78.52 78.10 79.08
40 105.80 106.30 106.50 82.75 82.01 82.32
50 104.90 105.10 104.80 81.36 80.98 81.27
60 102.70 103.20 102.30 79.18 78.61 79.22
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Fig.6 Experiment of phase changing vs. mechanical-bending of coaxial cable
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Table3 Testing results of phase changing vs. mechanical-bending of coaxial cable

phase of phase-compensated cable/(°) phase of standard coaxial cable/(°)
bending radius/mm (cable diameter 6 mm, minimum bending radius 40 mm) (cable diameter 10 mm, minimum bending radius 50 mm)
initial status  bending1  bending2  average phase shifting initial status  bending 1  bending 2 average phase shifting
50 47.64 51.17 51.82 3.855 100.4 106.1 107.3 6.30
100 47.31 49.62 50.27 2.635 101.1 106.3 105.8 4.95
200 46.94 48.73 49.21 2.030 100.3 103.4 103.9 3.35
)FE *E it (10)’f§f @J }E i/E\; *H 'ﬁi /};E 'f’[ﬁﬁ ) 5 i B/]? {IJ-!IJ 10 —e—theoretical value of phase-compensated cable
%EJ]‘ E],‘J *H ’fﬁ /ﬁ’ﬂﬁﬁ Hﬁ iﬁf N 2%:% 11[] I’{ZI 7 Ffr/T\‘ o m u % : [ —a—testing value of phase-compensated cable
o . jélz i % M ﬁ%\ FH H, 2% E ;,%; HIH HTJ‘ %‘ ﬁ ﬁfc j( E]’(J FH - & theoretical value of standard coaxial cable
AR Ak, BB il 2 R8s 0k, A AR A HE v/ o % 6l —m—testing value of standard coaxial cable
T4 4 45 A AR SRR . SRR I
N yEL = v s g N 8 4}
ot 2% )22 18] B AR 0 9 3, S BO (R R T BRI . AN
2t
3 #Hig 1
0 L L L )
20 70 120 170 220
S 4[] il Fh 455 4% S AR 7 B BRAE A BT RN X 2 bending radius/mm
T el s s, AR ) 7 FAAE e 45 R 3 H 45 AR IR Fig.7 Theoretical and testing values of phase changing vs.
) mechanical-bending of coaxial cable
A O e A AR 7S E? 0 N P S s N
ALK 7T % i A 001 22 LA A2 fl i 35, F P 7 T B W U

FR G0 2 A A Jey P9 IR P R B TR

(7 it P B8 A MUBRCES | AF 25 7= AR BRI AL 2% o A s B deg /NS AR, AR ks BtE 25 A2 3
K, AROLEER /N, IR 5 7% B A e /NS 25 AR i, AL TR al8i/NEY LA o eIk 4 AR 62 B8 AT DL 2 AR 4E
MR A VFRZEIEE . NI, 75 2RSS, H B a2 i P/ O T i 48 i /N A5 25 i A2 19 5 .

il JS£ X T ) itk P 8 1) 52 ) T A T R B A TR R A Al B 0 R K R RO L AT 5 | A i A A SR
S5 v L A R R R, AR 10 CAEAT, AR BE M TRRIR A9 A5 R BT R RE R I, o S AR AR
0 CZafr, HRZE S BIRALIEAS A e % il A 4 A1 30% L) 5 7k 20~40 CHRIEIR AL T, A AH 3 85 A9 AH 7 22 AL (B A
Tl AT 10%. FR T % L B i N T AR AR e AE TR Ik BRI I AR A L O 0~35 °C, DRI A% i AR 48 P I gl A
W B ARG AR HL B BEAT o

S 30k
(1] A FE b 58 w2 A0 bk b (9 AH G200 4 D7 S5 WI4R (D). 74k, 2014,30(9):494-497. (GE Yi,HUANG

Hua,WANG Jianzhong,et al. Initial investigation of phase measurement method of high power microwave pulse[]J]. Journal
of Microwaves, 2014,30(S):494-497.)

[2] HELZLHE SR AR A5, 2 B AR AL IO B B AR S P2 ) HOR (0], Kb 22 B2 5 L 715 B 27 4it, 2016,14(3):417-
420. (ZHUO Hongyan,ZHANG Jiaru,DENG Hao,et al. Control technology of multiplex all-phase digital phase shifter[J].
Journal of Terahertz Science and Electronic Information Technology, 2016,14(3):417-420.)

[31 SBacte sl B0 A5, S W BOAH X 18 3 I8 A8 Al O A A AR A2 U S [J]. SR 0OE 5B F 3, 2009,21(5):733-736. (GUO
Yanhua,HUANG Hua,LUO Xiong,et al. Phase measurement of S-band relativistic klystron amplifier[J]. High Power Laser
and Particle Beams, 2009,21(5):733-736.)

[4] SCHULTZ J W. Focused beam methods:measuring microwave materials in free space[M]. Seattle,USA:Create Space
Independent Publishing Platform, 2012.

[5] SCHULTZ J W,SCHULTZ R,MALONEY J,et al. Correction of transmission line induced phase and amplitude errors in
reflectivity measurements: U.S. Provisional Patent 20160103197[P]. 2017-02-16.

[6] SCHULTZ J W. Microwave material measurements without cables[]J]. Microwave Journal, 2017,60(8):66-78.

[7]1 (HELELEFMNMHES. BLBEFME 2 M) JLEHU Tl H:, 2014. (Editorial Board of “Handbook of
wire and cable”. Handbook of wire and cable (volume 2)[M]. Beijing:China Machine Press, 2014.)



626

A#EMFEERTFERFER H17%

[8]

[10]

[11]

[12]

[13]

[14]

[15]

TEAE 2%, A2 () Gl vl 48 B 0B i R ()], DG 2F 5 i 48 J H N B R, 1993(1):5-9. (WANG Xiangxing. Phase-
compensated coaxial cable and its new progress[J]. Optical Fiber & Electric Cable and Their Applications, 1993(1):5-9.)

POZAR D M. Microwave engineering[M]. 4th ed. New ank,USA:Hamilton Printing, 2011.

LR N SE W A /INEE AR A A R AR AR D (W) Al 8 A BRI (D). OGS B8 R N B R 2015(4):12-15.
(JIANG Maosheng,LIU Meifa,YU Xiaokui,et al. Development of an ultra-low-lnss stable-phase microwave coaxial cable[]].
Optical Fiber & Electric Cable and Their Applications, 2015(4):12-15.)

WSR2 A W 2N A 5 IR B B AR AR A B A BRI )], k4, 2015(3):16-20. (JU Chenyan,Ll Jinming,LI
Bingquan,et al. Development of high-frequency low-loss phase-stable cables[J]. Electric Wire and Cable, 2015(3):16-20.)
ZESF B B . B A TR DU SR £ 0 ik E IR il B A M R R U AR SR (D). 45 2Kk B, 2006,39(2):36-38. (LI
Yangping,ZHOU Qing,LIU Xiang. Experimental study on arc ablation resistance and dielectric property of PTFE
composites[J]. Insulating Materials, 2006,39(2):36-38.)

T AR R IR RE R H 28 % IR AR R LR AR A AT [)]. HAREE R, 2010(6):91-94. (ZHANG Lei,JIN
Zhijie,GAO Huan. Study on temperature stability and mechanical stability of low loss phase stable cable[J]. Electrical
Engineering, 2010(6):91-94.)

T B S 0, R W] g U (W] Al i B 1) e U2 S80S BRIBCREPE RO BT ST )] AR LSS, 1994(4):2-6. (MA Hui,
GE Jingpang, WANG Huiming,et al. Study on braiding parameters and shielding characteristics of braided coaxial cable[]].
Electric Wire &Cable, 1994( ):2-6.)

Hh A N TR D ) 5 A G 0 A 5 S R+ [ G AL A B B 2x. GB/T 17738.1-2013: 565 431 [] il it 5 41 1%
LI RN —RESR AR T ik [S]. Jb R E AR AR AL, 2014, (General Administration of Quality Supervision,

Inspection and Quarantine of the People's Republic of China,Standardization Administration of the People's Republic of
China. GB/T 17738.1-2013:Radio frequency and coaxial cable assemblies—part 1:generic specification—general requirements

and test methods[S]. Beijing:Standards Press of China, 2014.)

EEE .

X X(1983-), B, HEKH A, TR, B Of£(1970-), B, EERWA, R, F
F ZAF 5T O S R T A R R email: B ST 5 10 A L F AR R A RS T R A
geyi@caep.cn. PEEOR.

= OW(1990-), B, s A, BiERAEL R,
F BRI 5 18] Ry i U1 R R AT



