~_

CO 't Vol. 34, No. 3, 192-198 (2021)

mposites DOI: http://dx.doi.org/10.7234/composres.2021.34.3.192
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

MI|x} olL{HE QA ERIL EPDM/PP Thermoplastic Vulcanizates
M AAQIXIO| 2 ™MEH] 3} FZatA OpE A2 Abdbat| o1

}_%?1_*1 . _%I:H_g_*l . °|*J".’4_**’*** . %7&:}_**** . o|)\°|-t?'1_***>x< . A1%_%|.*,**T

Investigation of Viscoelastic Properties of EPDM/PP Thermoplastic

Vulcanizates for Reducing Innerbelt Weatherstrip Squeak Noise of
Electric Vehicles

Seunghyun Cho*', Bumyong Yoon*', Sanghyun Lee*****, Kyoung Min Hong****,
Sang Hyun Lee****, Jonghwan Suhr***

ABSTRACT: Due to enormous market growing of electric vehicles without combustion engine, reducing unwanted
BSR (buzz, squeak, and rattle) noise is highly demanded for vehicle quality and performance. Particularly, innerbelt
weatherstrips which not only block wind noise, rain, and dust from outside, but also reduce noise and vibration of
door glass and vehicle are required to exhibit high damping properties for improved BSR performance of the vehicle.
Thermoplastic elastomers (TPEs), which can be recycled and have lighter weight than thermoset elastomers, are
receiving much attention for weatherstrip material, but TPEs exhibit low material damping and compression set
causing frictional noise and vibration between the door glass and the weatherstrip. In this study, high damping EPDM
(ethylene-propylene-diene monomer)/PP (polypropylene) thermoplastic vulcanizates (TPV) were investigated by
varying EPDM/PP ratio and ENB (ethylidene norbornene) fraction in EPDM. Viscoelastic properties of TPV materials
were characterized by assuming that the material damping is directly related to the viscoelasticity. The optimum
material damping factor (tand peak 0.611) was achieved with low PP ratio (14 wt%) and high ENB fraction (8.9 wt%),
which was increased by 140% compared to the reference (tand 0.254). The improved damping is believed due to high
fraction of flexible EPDM chains and higher interfacial slippage area of EPDM particles generated by increasing ENB
fraction in EPDM. The stick-slip test was conducted to characterize frictional noise and vibration of the TPV
weatherstrip. With improved TPV material damping, the acceleration peak of frictional vibration decreased by about
57.9%. This finding can not only improve BSR performance of electric vehicles by designing material damping of
weatherstrips but also contribute to various structural applications such as urban air mobility or aircrafts, which
require lightweight and high damping properties.
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7HL A 9F §F-g-5ko] 7 E A SHA ek & Aol A=
ENB 9ol thE 7talte Hake] Joke 415171 $15f Table

Table 1. Composition of EPDM and PP

Sample code® Materials Composition (wt%)
EPDM 35
PP14
PP 14
EPDM 33
PP21
PP 21
EPDM 30
pPpP27
PP 27

*: Sample code indicates PP composition (wt%).

Table 2. ENB content of EPDM

ENB EPDM PP
Sample code® | Composition | Composition | Composition
(wt%) (wt%) (wt%)
ENB5.7 5.7
ENB7.3 7.3 35 14
ENB8.9 8.9

% Sample code indicates ENB composition (wt%).
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Fig. 1. Temperature-dependent storage and loss modulus
curves of the EPDM/PP TPV with three different EPDM/PP
ratio
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Fig. 2. Temperature-dependent tand curves of the EPDM/PP
TPV with three different EPDM/PP ratio
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Fig. 3. Temperature-dependent storage and loss modulus
curves of the EPDM/PP TPV with three different ENB con-
tent
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TPV with three different ENB content
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&2 =obA &4 Al (tand) Q] peak =otA|= A&
3101519t} -70~80°C, 10 Hzo| 4] PP142] tand peakl= 0.478
& PP27 (tand 0.254) ] 88.2% Z7}5t4ct.

EPDM 4] ENB §o]| w2 temperature-ramp test A=
ENB $leFo| Z71a uf] 57145 cross-linked network®] g3k
o2 27 A o] F7hetel AT Fo] FTHok 4
Fo otk AR E BT S0 4TS B0,
EPDMO] 7}w A =7} Z7}3t uf] EPDM particle®] size7} 2+
o}Z] a1 PPo}O] A WHH A o] F7}sko] Ao Al o] &A} Tt
npzho]l o3t o Y 2] &4 o] F71317] wiizol et dkE o
4 A4 (tand) = A EYL AT E 2F S7HSH
= AS UEHY vt g UER QLA EE ENB g
714 =2 ENB8.99] tand peak”} -70~80°C, 10 Hzof A
0.6112 7} =2 tand= e

JNME YT AER O] ARG 2591 24°Cof A1 9] A |
9L B3] QJ5f| frequency-sweep testS Xeg51Ict. 1~10
HzO| Al 7o A PP270] 7} S tand LR 9L,
PP14, ENB8.99] &4 2 =2 tandE E} L} o] 10 Hzoj A
PP27(tand 0.100)cfH] ENB8.9(tand 0.110)7} 2F 10% =& 4
A @8 54 7= A FRIskeit. webi EPDM/PP
TPV AudAE o 24 @3s 7K & U=
helsteict.

EPDM/PP TPVE] 47| |l F7fof| whel upat 45 74
ANE Felstr] fsff vhak 35 FHrbskh vk AlY
Ayt 27 @go] Skl whet npk 7440 ot peak
Fho] Wolrl= 2k gRlsile, tandzt 7 34T ENB8.9
O] AE7t&Ex = PP27 thH] 9F 57.9% 7HASH T o= 4
A HE 5ol STkl whet stick-slipe] WA off wh=
BPAe el mgsty| fEow wekEch

= Atoll A= EPDM/PP TPVE] A m dA|QIA} 41 v}
Fom o HE 54L& AR (tand peak 140% 571 2
A 9] recipe (EPDM/PP 35/14, ENB content 8.9 wt%)E =
Zagom, iz A2 WIS Bof AUME YHAEY
I wof ek 7He] mhEk 255 AT 4 Q3 Els)
AHRE 7H5 peak 57.9% fh4r). & A0 WS Faf
F7FskaL Sli= A7]AF BSR 7R ftofl B 7HdEA 3F
Aol 71018 4= & A o= weETh #ak ofy el 479
Az A QA of| g S-S Alojsho] thefet &9 2
T 5ol e AEAA el &8ol 7Hsd Ao = 7thE)
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B ATE ARAEATE AsHe AFTAE 4 A
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