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Research on Evaluation of Properties of PA6/PA66/GF Composite
according to Injection Pressure and Simulation of Damping
Performance

Seong-Hun Yu*, Hyun-Sung Yun*, Dong-Hyun Yeo*, Jun-Hee Lee*,
Jong-Su Park**, Jee-hyun Sim*’

ABSTRACT: Research was conducted on a PA material-based composite material manufacturing method for
application to engine mount brackets. Engine mount brackets must have heat resistance, impact resistance, and
damping performance. PA66 resin was used as the base material for the composite material. The glass fiber was used
as the reinforcement material. The composite material was manufactured using the injection molding method. The
thermal, mechanical, and morphological characteristics were analyzed depending on the content of glass fiber. 3D
model was created using the property evaluation database of composite materials(input data). The damping
performance of the generated 3D model was extracted as out-put data. The reason for evaluating the characteristics of
PA-based composite materials and conducting simulations on the damping performance of 3D models of engine
brackets is because product performance can be predicted without manufacturing actual automobile parts and
conducting damping performance tests. As a result of the damping simulation, damping performance tended to
increase proportionally as the mass fraction of the reinforcement increased. But above a certain level, it no longer
increased and slightly decreased. As a result of comparing the actual experimental values a nd the simulated values,
the approximate value was within +5%.
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Table 1. Manufacturing conditions of thermoplastic composite

pellet
Compound Conditions Unit Value
) Rear °C 290
Cylinder Middle °C 280
Temperature
Front °C 280
Screw RPM - 35
Cooling temperaure °C 25
B F ASOAT, WY RS A
feto] 174402 1.2 (compound) 34& 1HoH]
o Auhes A A WAsHe £UES 340}04 2} 224
(PAG6, GF)= 10 kg¥] 4531 30, 4Q_4 hand mixing 2]

= AR & ARESFAAL, fEAl -9 A& (10, 20, 30,
50, 0wto)ol Wb Fubes FHL Aol 7ol
340,10 mme] W (pellet) Hehe] ATS YA45H1A 349
o}, uhec B4 A], AR (15 wetk), UV QBRI (10wt ),
AFsHH} ] 4] (0.5 wt.%) S 2 713+ 3} 63| (PA66/GF/ A 7}A))
£ ARSHAAL, &3 F A9 7Hs A el In-situ & Ef o]
A1 9] screw element®} RPM AAof }2 B3 7o E4
gtole 93 8- & o|=eE7|(twin screw extruder,
HAAKEpolylab QC Inc., Netherlands)& A[8-3}5t}. o]&¢t
27|15 &85 AuleE 34 7L Table 10f YRyt
At T 2AL E5lo] Alxg Halge o AH
L 60°Cof| A 12X 7F Z-¢F AZR3}o] A|H 9] =B FFG o]
oF 02% $Fo] Hrx2 GXAFATE Ab&EA F (injection
molding) TS Eato] A& B4 u 7|42 B4 BAS
olgk A H FE|2 AT ALE AF A labscaled)
A& A3 7] (HAKKE MINIJET Pro, Thermo scientific Inc.,
Netherlands)2 o] §-3Fo] 2133t ich. 23l Fejo] Al A
A 3@ 719 AT Weoll 5] (heater)of O3 &g ==
ol x| ef Hekeof 9 0}04 &% 3L, T 3 (hopper) |
o RS A8 A o]FS flske] FET WS AA

Table 2. Conditions of the injection molding for manufacturing

specimens
Specimen Unit Value
Rear °C 290
Cylinder Temperature Middle < 2%
Front °C 290
Nozzle °C 275
Mould Temperature °C 120
Injectjon Pressure bar 800
Back Pressure sec 5
Injection Time sec 7
Cooling Time sec 60

- s =

Compound PAG66/GF pellet Drying
(PAG6, GF) (60°C, 12hr)

PAG6 chip Drying
(80°C, 24hr)

Specimen

Injection molding

Fig. 1. Schematic for processing of PA66/GF thermoplastic com-
posites

Fig. 19 UheR2ich.
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7k HEEARS] dAGAT AlEE G557 (Heat
Flux Mesearment, HFM, NETZSCH Inc., Germany)E ©|-&
sto] 3stelet. SAGA G 5742 ASTM Cl17[24]] 9
Asto] gstglon, A (1of whef A= Sl

k= QA(T, — T,)/L (1)

In which,

K = heat transfer coefficient, W/m-K
Q = heat flux, W

A = heat tranfer area, m

Ty = High temperature, K

T, = Low temperature, K

L = thickness, m

A7pa/d B RO Bl DS AAEAFEFEA|(DSC, Q500,
TA Instrument Inc., US(state of DE))& o] &3}o] =4
o} DSC= 1] Q& ZH 7] 98] AL EEA| Rk e
29| gy 2o 2 Fajof ohr, EEA| R} BEA =)
DSC S41& Hlmato] v e 73 4= glek. AH gl
T2 g2 4 (2)°f meh Ak E A
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h_m' @)

Cp=—=x—=xCp
m

In which,

C, = specific heat capacity of the test specimen, J/kg:K

M = mass of test specimen, kg

m' = mass of standard material, kg

C', = specific heat capacity of standard materials, J/kg-K

h = The difference in the vertical axis direction of the
DSC curve between an empty container and a
container containing a test specimen, mW

H =The difference in the vertical axis direction of the
DSC curve between an empty container and a
container containing standard substance, mW

222 B RS A A HEAA

Az A7be 2R A©
AAH B4 B8l

24 B3 #8 HE9] olXuke-E Hall(engine mount
braket)®] 3D Wdl A4 9 X5 7| e AledlolAe] E
Q5 In-put data® E-8-3}c} A 2H G714 EFA=
o] Q1A T = uk A 7 A8 7] (AG-250kNX, SHIMADZU
Inc, Japan)E o] &3¢l o, 24 EAL Y2 ZAA 7|
(CT-IP1000, Coretech Co., Korea)S o|83}o] 233}t
A= B4 Hagh AlH-2 100 x 100 mm F7]9] A}
7+5 el 2 A5t} Impact velocityr= 4.4 m/s, impact
energyr= 193.5]9] 2 o= A5 735kt ZFabA] o
ol W2 A7hay MR FATY AT AL B
7k8l7] $lto] peak forces} 3] 5401712 Atsieich

223 B35 deEErd EA] BA

73kA) grepol wek o) ubet elvha Hakz el
W} EEe] PAb WekS BAshT) Shenh Ze 9
of WE Akay BeRY $2a60 B Fos
&2 E5)7] 3Fe] Micro CT(TVX-IMT225, Techvalley
Co., Korea) A2 4~83}9c}. CT A7 A 160kV, A
5 130IAZ2 A& % Micro CT(TVX-IMT225, Techvalley
Co., Korea)& AR-g-8t0] =345k itk CT 2309 sl e =
13.76~19.56 Imo| t}.

7t B R o BEY AL, AR -l
AL Bgoto] ZahA) wekol e Baka 2] et
S 5Ae Aotk Bk R Tl Yejehy i
4 glal AHEE 7171 AAMETAFAA AR A (FE-SEM,
merlin compact, resolution 0.8 nm, carl zeiss, germany)o]
t}. FE-SEM9] A}oFO 2K, probe current:= 5pAL-E
100 nA©] 11, aceeleration voltagerx= 0.02 VE-E] 30 kvo]c}.

)

224 25 74 s AlEYe

AN E Hapzle Xl
ko] =g 717HEE Ak FEEol AARRE oEE A
HEE AT 7S 5] weol, & X5l gt
52 Agol R7HY. 2 Bol e Artad 2
AR 54 B} ol Ao AL E o
2 FA3I3 3D W A B o] S ¢t 93tg A md
S AT 3DEY W 93t AwdlS A7 &5
of vHAy HEl A7Y 2 (Non-linear multi scale
modeling)o| 7}-53+ DIGIMAT(MSC Software Inc., US(State
of washington))& &-83}ct. F3ta 4 2d A A], @4
Eole m EﬂEE}(tetra) a4 FAsGleH, 2= b
%] (global mesh) Af0]Z= 150 mm, 27 H|4(local mesh) A}
O] A= 044 mm=z A 24 4515t
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& Shgstol AL A7 HheE Heb BEo| thak
3 20 e 9e Sof wEAel $5S s 4¢, o
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A
3L E (support) 2}l = 5},

>

1] 234 9] BE 1(mode 1)01]*1 EEHe T
] Fube R AASE)AL, Fig. 10]] YebdH Fub 2 digt
[ Fukre] dighe] HuigiEh 3dB W2 HollM o] 5
T fos fo2 A 1A} BRI o R mESIl o, 4] (3)]
el 1% {4 H]&(damping ratio, %)& 34 22} A3tgt
o= AbEskith

- _fo—fa
fi

In which,

# = damping ratio, %

3)

fi=maximum value of frequency, Hz

fi=1frequencyl 3dB lower than the maximum value of
the frequency, Hz

f,=frequency2 3dB lower than the maximum value of
the frequency, Hz

) el e Aty B R HEAS 2
HEE Fig 2o ehslch 97144 SR 38l
A GFol 3RS AREALIL Faste BFE 1}
RSLom, ol Tl ot AT Aol 55,2 Sl 2
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Specimen

Fig. 2. Thermal conductivity results according to the mass frac-
tion of the GF
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718t Aoz mokE ) 74514 3eFo] 10 wt.%°] }%4__;_5% 7}
WH«] AeFEgo] 50 wt.%2l 79} Blaste] 29.

b e e A

%E}ZH A Bgo w2 v|d AHZHES Fig 39 YEh
Uigich SAEA S Aatghel vzt 2 B3k euto)
E o] FeFr go] 50 wt.%Sl o] v|dgro] 7F =4
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14 4 —_—————— —— 60wt.%

Specific heat capacity(J/kg- K)
w
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Temperature(K)

Fig. 3. Specific heat capacity results according to the mass frac-
tion of the GF
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A3t ule}l A= ZhS 7HzF 180.2, 185.2, 224.2, 236.1,
233.5 MPa2 UERGTL, QIAERAIZES 7.5, 8.2, 10.6, 12.6,
11.9 GPa9] g VrERIQIT). Zopdu] o] 7 mE Ao
+5%0| 9] TLARX|E UEFH QI PA66/GF E7FAA] E3t

ANZ Q] A Z ZAHA, 73 A &=Fo] 50 wt.%Ql 7--of <l
A EAo] 71} £2231 71 3olsty o n, 7}3HA] FeFo)

60 wt.%<1 7-F-oll= oF 10% o] AFFA] st A2
2 Uehdt} o] 73k $Hko] UA 42 o]Aro = H7}
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| A1 B A] ] E (cavity) W] O] E A B0l A
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23 A o= gkt s geFo] 10 wt.9% 9 20 wt.%<]

ol @A3] B2 I S Bt ol AHEAET
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B Aol v Ws A4 £4 2 3£ Fig 590
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——&——  Tensie modulus
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+05
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Fig. 4. Tensile propeties according to the mass fraction of the GF



64 Seong-Hun Yu, Hyun-Sung Yun, Dong-Hyun Yeo, Jun-Hee Lee, Jong-Su Park, Jee-hyun Sim

8000

—_— 10wt %
— 20wt%
— 30wt.%

Impact force(N)

Displacement(mm)

Fig. 5. Impact force of the PA66/GF thermoplastic composites
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Micro-CTE &-8-3t 754 gkl w2 PA66/GF A 714
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23 YollAo] 427 382 23 B 1sl=e FAs}
7] o Eol|, E4=H F(fountain ﬂow) 2 895 227} A
kA =]m, 1312 ofef o] W ZoAL S8t A
Z s2usro g Wik, 2op2o] AL A& 52 7}
Frapo 2 ujgrE o A A 2619 H S5 A E
. 70@ § gFeFo] 10~ 20wt%°1 AL, o}

Trs:ol W98 S Slslelch e
PA66 4] 7k 73141 91 214 osaw»ﬂ PR
ofstol F@ o] AU (cavity ol Y Ho] B FEE F
she] Z2uln Agere] ghelo] £4lo] AojuA| B, of
o whet 7 BhA) 9l §e] 45 0) Wi go] ArjA oz v
& Aol uFH HEo] Mg Ao BerE. oo
whe} PAGS/GE /b4 BEA R 0] F A HH 4w

7IAA =2de A1 HsiA 13E AR 50% o)

(a)10wt.% (b)20wt.%

(c)30wt.% (d)50wt.%

(e)60wt.%

Fig. 6. Morphology(micro-CT) of the PA66/GF thermoplastic
composites

(a)10wt.% (b)20wt.%

(e)60wt.%

Fig. 7. Morphology(FE-SEM) of the PA66/GF thermoplastic com-
posites
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(a)3D model

(b)Finite element model

Fig. 8. 3D model (a) and Finite element model (b) creation results
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o] 5% | A| JtaL, 4.4%9) gha vEb ik st o
AFigo] wobdas 2544 Asol vleste] F7tst
= A%E UEHAIT, o= 5 ool A= Y ol 57t
AL, &% adhs A0S UEtW ek Al AEt
I Algeol A ghke) vl A, 5% ol o] ZARAE Y
Bl ol o, 7ok of AekiEo] 60 wt%d wf 2tk o
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Table 3. Damping ratio analysis results through experiments and

simulations
Simulation Experiment
Specimen | Frequency | Damping | Frequency | Damping
(Hz) ratio(%) (Hz) ratio(%)
M 10wt.% 1633.2 4.4% 1617.3 4.3%
o | 20wt% 1671.0 5.1% 1670.5 5.0%
d | 30wt% 1794.1 6.1% 1765.1 5.8%
€ | 50wt.% 1840.8 6.7% 1831.2 6.6%
! 60wt.% 1800.4 6.1% 1765.3 5.8%

(a)10wt.% (b)20wt.%

(c)30wt.% (d)50wt.%

(e)60wt.%

Fig. 9. Damping ratio analysis results through simulations
(image)
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Fig. 10. Frequency analysis results through simulations(graph)
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