544,593 T B o ok N Vol.54, No.3

2026 4% 3 A ENGINEERING PLASTICS APPLICATION Mar. 2026 73

doi:10.3969/j.issn.1001-3539.2026.03.009

ETF B R S 2R g

FEL R, BER, TR, BER, FEREET, BEE?
(1) 7R A BRBTAT M R A B 0r, M 5106205 2. MNAT AR R B SRS BE, TREA B R T SR ge e M
511458; 3. FUERHE AT IDARRBA AL, M 5114535 4.7 R TR TA2ERE, )M 510006]

R Ar st i P R4 80 I R A B AR £ AR R AR S P, VAR O (PP) A AR, BIN § BE R a oR
(CNTs). 5% 5% 2 (CB)5 3 55 4F 4 (GF) W B Btk , 42 9 PP A& A4H69 5 M st fe ) M dk , 3031 51 H) & CNTs/CB/GF/
PP A &MA- RN A0 YL 2 28 . KA A PRk 3t & 48 3 48 72 30 AR A 69 ) 52 7T S Mt AT 3845, I i — 2t
Yoo 47 4h PP AL M A E R ERE WAL LR ER Y L RA N FHELE RA, FIREREN, T L8
YRR AAACE FL A | R AT 0 a4 AR B R B AR Ay . AR E @, 3833 CNTS/CB W FI S0 B PP, 3% 564

R, L A (85 926.4+398.5) Q-om B [AMA SR RAK T HB; LM E @, K+ T Ao S REFME S0 B4 3
ZRAEM AT AT R AW L L RAMARBE A RN 40, B30 FKRBMAE LR IF 1400 R B %475, £
IEEMAL, LAV HE X RRM SRR E 5 Ik fERE T Y, 3 F CNTS/CB/GF/PP oMt AR EZR TL A
AT TEFERT A, HLAERFMI AL, FE L RRAMK204.5 THZ 118.6 7T, Ktaik 2] T 42%, Ht,
A I RFAMAA KEGL HREMYEN T HE T,

KGR LU F LR B A AR R AR AR AR BAE

FESES: TB332  XEFRIZE: A XE4HS:1001-3539(2026)03-0073-07

Design of cable bracket structure using modified polypropylene
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Abstract : To address the issues of poor corrosion resistance and short service life associated with existing stainless steel cable
brackets in power tunnels, a CNTs/CB/GF/PP composite-stainless steel hybrid cable bracket was designed and fabricated. Using
polypropylene (PP) as the matrix, multi-walled carbon nanotubes (CNTs), conductive carbon black (CB), and glass fibers (GF) were
introduced for synergistic modification to enhance the electrical and mechanical properties of the PP composites. The finite element
method (FEM) was employed to evaluate the mechanical reliability of the cable bracket over a 30-year service period. Furthermore,
a comparative analysis regarding the mechanical properties and costs was conducted among four types of cable brackets: pure PP
composite, thin stainless steel, thick stainless steel, and the hybrid bracket. The research results indicate that the developed cable
bracket features low electrical resistivity, excellent corrosion resistance, and high load-bearing capacity. At the material level, the
synergistic filling of PP with CNTs and CB achieves a volume resistivity of 85 926.4+398.5 ()+cm and a flame retardancy rating of
no less than HB. At the structural level, a hybrid architecture combining the composite material with stainless steel was designed.
Simulation predictions demonstrate that the bracket possesses a short-term load-bearing safety factor of 4.0, and it can still maintain

a safety factor of 1.4 after 30 years of long-term service. Regarding manufacturing processes and economics, the hybrid cable brack-
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et utilizes a split-forming and adhesive bonding process, wherein the composite components are fabricated via injection molding.

This approach effectively simplifies the manufacturing procedure and reduces overall expenses. Compared to traditional pure stain-

less steel brackets, the cost of the novel bracket is reduced from 204.5 CNY to 118.6 CNY, representing a significant decrease of

42%. Thus, the hybrid bracket offers low cost, long service life, and high load-bearing capacity, and is suitable for power tunnel

applications.

Keywords : cable bracket ; composites ; low resistivity ; corrosion resistance ; load-bearing capacity

FEBAR I T L ik R G, o ) RETE 4
H #& i, FOAUAC G R, DA Ml XA 4], 7
iz M R P A R I A B LT 100 km, FEZE ST
Bt 80 &,

H I, % 8 P A 1 P8 S R A A A
J o A RS AR, (ELTR AT Tl 22 XN & 33
L5 RE A RRED ™, 18 1T B 0 8 48 A1 B 1) 8 Ak
S H Y E AR R IR, A AN S AR IR
RINR) A, SN AR . Ak R4 GB 50217-
2018, KA 220 kV K DL H 4528 1% L REff A 4
AN SR AR AN SN AR 1 B L 2 AR S
BRI 2.7 47, ELAE YV M IX [ A 1 I 7 7K 432k £ XL
B, IR SRR R A AL 2 ), A7 AE I K 2 g (Tt
FAMEZESE R, KA RIBCRN b 22 A2 T 2 1 LR
Ak P 0 285 46 IO 7 RN 48, T BOD LA P E T 1%
T 2% A W 40 TRl DR 3R 4R S R AR B O S L
e, 7E LSNP 2 0G0 S BUR I B s, v] B A
BIFHRAI R AT LR ok, AR
i ARG AR () BT, ¥ LA FE 28 L o IR A A 1 3
sl S,

RN (PPYWE N —Fii S ARL, FLRLAIE, 2
T, gt ] 5 52 R FH A5 0 A 2 A Gl )iz
FH o AR PR HLAFAE J 2750 AR B AR (] 5L, SR DN s b
Jo LA S AR T AR SIS S5 0

SEREM IR L, PP HAT BAR AWK 1 , A3 R
FTAENEAS PO E . 54 EML, PP PR
HLAT RGO bt L R B e ARG, T s
PELE, AT S A R AL, [R) A AT 3 e et
5 PP LA RHAE S BEAR T 58 B N 5 T A5
FPE— 2 PET W AT AR TR R

BEXE BBk AR, A 5T LA PP A RME Ry 44 18
T AT e, RS 4B NS — R A s
AR e PP UG AR () B B R S AR R AR RE
5T B e — Pl F T L iR 1 2 A kR
R S CILRT PR e =Ry g R dIULL N A
L 28 <10° Q - om, BHAR G AL T HB; S 487K 4%

8 I AR T [F] 45 205 () £ B9 H 45 52 42(>400 kg/m).
RSB R AR A ST T e R A A R A T A
7%, BEIH FL A8 SR FH AR M PP SE A A AR R B
PP IE B S 21 4 (GF) . - U IR S5 4l . 3R
ARk B o 2A R A T X 2 A A R ) S L MR BB R ) A
PEREYIAT LR s g™ Sl AR 7 A 1
AERTRFE AR P ZE A SETH IR T 2# M RE i
Kot A Bt R SEAILT ELBOR A 7% T A 4
SRS 32 T 53 B K g e, AR S
PR G5 R Ty S AE SE BRI v ) AT A
e 4tk
1 KIeEksy
1.1 EZRAMA

PP1:EP640V, ifE5e A AL TA PR

PP2:650 ¥, i El ATl AL TRAD A BRA 7 5

1 S W2 15T 4% k2 PP(MAPP): PC-1B, i 111 117 g 16
MR R B R AR

S Y 355 2T 4k (SGF) : ECS305-4.5-K, H K [ br &2
BRI A BR AW

S HL 2 BA(CB): E900, U 1| IF i 4 Fh i SR B4
A BRI

ZRERRANK A (CNTs) : hRHBE A A B2 AT
PR F

Fi A ) 1010, $0 %57 168 fH [ M 3 K B 4y

ol
o B - KH-S70, 5B A T 91 47
7

To7K 21« [ 255 Ak Al A BR A ] o
1.2 EBMNEREE

IR 55 B IR AL BEAL : DienerZeptoW6, £ [ i
YT A AT

U AT4% H ML : CX26-44 , B 5L E6 W B AL ]
A PR F] ;

VEYAHL ;¥ K Mars 1200, 16 K [ bR 458 5 A R
N
F PR 51133 R (MFR) X : WKT-400TC, YT 75 4



ARG A T SR Y B L B SRS R 75

PHRHUEMERA PR A H]
1.3 ##H4&

K AR FROBEI R SAIIRES
RAEER T T, FJE % KH-570 RELE X
FIFRT LB FK 5 TR CEERIR AW, #il K
W K GF = A KM, 6 = 6 B 1R
75 20 min, B 5 A YIS T FIT g A R AR AL B

CB F1k7 R 8 6 48 B CB(J /3% 35%) 5 PP
TR Al £, R 2 885 D) 1k 58 0 A 4]
G A RAR Y i B 55 A, CB BERL B L
&1,

W EAERE T 2R & ZE A& BT8R
f) PP EP640 V . MAPP .CB £}:Hi K 41 % AL B 7] i 3=

MAPP

Carbon nanotube

(Conductive carbon|
black masterbatc

Glass fiber

PP powder
carbon blac!

Extrusion
granulation

Other auxiliaries

Extrusion
granulation

*1 CBEBHHEA
Tab.1 Formulation of CB masterbatch

Item PP 650 CB MAPP Antioxidant Antioxidant

powder 1076 168
Mass fraction/% 59.6 35 5 0.2 0.2
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Fig. 1 Material preparation process and test samples
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Tab.2 Three experimental formulations for composites

%

Composites PP EP640 V MAPP CB masterbatch GF CNTs Antioxidant 1010 Antioxidant 168
CB/GF/PP 15.6 4 40 40 / 0.2 0.2
CNTs/GF/PP 50.6 4 / 40 5 0.2 0.2
CNTs/CB/GF/PP 42.6 4 10 40 3 0.2 0.2
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Tab.3 Mechanical properties, volume resistivity and flame retardant rating of three composites

Composites Tensile Elongation at Flexural Flexural modu- Can.tilever beam ?Stch Volume resistivity/  Flame re.tar-
strength/MPa break/% strength/MPa lus/MPa impact/(kJ+m™) (Q-cm) dant rating
CCB/GF/PP 56.1+0.3 3.0+0.0 93.3+0.0 11323.4+27.8 5.3+0.2 180 454.2+138.3 HB
CNTs/GF/PP 104.1+0.2 5.3+0.0 159.5+0.2 10 668+31.6 10.3+0.1 184 009.9+198.7 HB
CNTs/CB/GF/PP 97.3+0.2 3.5+0.1 144.3+0.1 9531+27.8 10.6+0.2 85 926.4+398.5 HB

[R5 75 114 PP A B BH % M (85 926.4+398.5) Q -cm),
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Fig. 2 Overall assembly drawing of split forming scheme
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Tab.4 Dimension parameters of cable bracket

Stainless steel bracket

Dimension parameter/mm Value
Overall length 750
Overall width 120

Leading edge height 10
Trailing edge height 180
PP board thickness 6
Steel plate thickness 1.5
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Tab.5 Parameters of CNTs/CB/GF/PP composites

Parameters Value

Tensile modulus/MPa 7 800
Poisson's ratio 0.3

Density/(kg-m™*) 1210

Norton creep model parameters{ A, n} {3.0x107°,1.54}
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Tab. 6 Parameters of stainless steel material

Parameters Value
Tensile modulus/GPa 200
Poisson's ratio 0.3
Density/(kg-m ™) 7 850
PP fiberglass board first

PP fiberglass board first
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TERIGARZT , g8 S 20 BB 0.3 mm,
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principal stress direction, .1.00 principal stress direction, 41.00 principal stress direction, .1.00
x-component f N 0.80 y-component [ 0.80 z-component i 0.80
0.60 : 0.60 0.60
0.40 0.40 0.40
8.20 0.20 0.20
-0.20 -0.20 -0.20
-0.40 -0.40 -0.40
z -0.60 -0.60 -0.60
ILx ~0.700  »5 x 0700 +—0.700
First principal stress of PP Yon Mises stress of Deformation of support/mm
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; X 0.30
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Fig. 5 Force and deformation nephogram of cable bracket under initial bearing
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Fig. 7 Contours of stress and deformation of cable bracket after 30 years of service
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Tab.7 Performance of cable bracket for initial and 30-year bear-

ing periods

Maximum stress/MPa

Bearing - Vertical deflec- Safety
. CNTs/CB/  stainless .
period/year tion/mm factor
GF/PP steel
0 24.5 42.0 0.3 4.0
30 5.4 3235 1.9 1.4
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Tab. 8 Mechanical performance and cost of different brackets

Items CNTs/CB/GF/PP  Stainless steel (thick)  Stainless steel (thin)  CNTs/CB/GF/PP-stainless
bracket bracket bracket steel hybrid bracket
Strength safety factor 1.26 5.75 2.63 1.40
Vertical deflection/mm 50.60 0.13 0.67 1.90
Buckling resistance OK OK NG OK
Cost(including processing)/CNY 80.8 204.5 116.8 118.6

Notes: when estimating processing costs,the cost of stainless steel processing is not taken into account; OK indicates qualified,meaning the bracket

meets the requirements in the buckling stability analysis and calculation;NG indicates unqualified,meaning the bracket failed the buckling stability check.
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