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A Study on the physical, Dielectric and
mechanical Properties due to the Curing
of unsaturated Polyester Resin

Eom, Moo Soo

Dept. of Electrical Engineering

{Abstract)
Relationships between cure history and dielectric and mechanical properties

of a high temperature curing unsaturated polyester resin are investigated.
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According to the results in this paper, first, it is found that the physical
properties, electrical and mechanical and mechanical characteristics of the
unsaturated polyester resin are largely affected by the curing. Second, From
the view point of dielectric strength and mechanical properties in this work,
optimum conditions for fabrication of Glass-cloth/unsaturated polyester com-
posit materials were obtained for the sample post—cured at 200C for 10 hours

after curing at 120°C for 2 hours.
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Fig.9. Schematic diagram of electrode system.

12

115mm

19mm

Fig. 10. Tensile test specimen.

A71N BEBA, ALAY WHEY L G WYLE AL Az Yitue
9 A%z AW 28 A4 LA o), [13, 14] HEY 2] BYEH)
AT P AT YLh(15] AN WEEHE B APAN A D=
MAANE o835, AYAY WA 1A% 23 (High Resistance
Meter, 4329A : HEWETT PACKARD)€ o] &3t 7Fd ¢t 500[V]2 2AsH
? ¥, RE AEE 24san 290 9 WYLEEqe) 2He B d7AA
Aztg 29 79 ge AN ZHHAY. @ WY LEEY 24o) A A



THIR 2o 22 Bk o] ML Hikol THE Witri, BEIE D MMy Kito) BO B 9

o Z71E 32mmX127mmX110mmEA 1y 7949} o] Mo x|
¥, 1A F3988[16]S 7% O 58 F dold Aojx e I & 00 31
HdeEF €58 24 02C/ming £%2 o 71HA golg Aolxl EFo]
260/l 2L B¢ HH IR 2x7F A8 9 AYLER P} a3 A8
9] #H5A4L Precision Tand and C Bridge Meter(Tettex AG Instrument,
Type 2821HB) & o] &3t A3t}

A HAFEE £ QPN AA ¥ A FN=A Psgod, 19
8o Uehlich. ol Sy 13 8o AUL AxE, AFALS 3[kV/
sec]9] £E2 FEAIIEA SHSATE o] A A= YA pAIFoz A
Ao, 1dUE FHFL 3 45[mm]Q Hojy FpE o] g3ty on, Age}
Aol FHo) HEEI, B773E FHE PAE) st 1Y 99} o] o
FAZ 22T AFE AMEsINT 284 2L AR 1Y o Bag
2 Bito g el

a3 ZIAA 1 2 2EHAEYS] APL Instron(Model : 6022, Japan)&
o]-&3x, olwl, AF AlHe] FA4L 19 107 ow, Al FFANE 25
[mm], $4Z-& 6[mm]2 A F2A-3|=(cross-head) 9] 5% 1.0[mm/min]o.2
AT o] A5 5/ AjHe AfAE FFete A Argoz ek

. WEEER 2 Z%

3.1 ZEYEol T2 EEs B2lojAHI SX|o SHSA

T8 112 120CoAN 2A1 7 B2 13 AE PF A EE 23 AeEE 2
& o, 23 Azl we AxEREAHLS Yz otk o] @A 23}
3327t 200C dwl 23 A 3A|7ro] oF SAIZE ojZRE Age Wxyl AR
A A detvn Atk o2l dae AgWR BExpzsl Adskn, HA o
3R BB 722 424 Yehte A Aoz AzZ¥d, oy
22} As2=7F 150TC 2 180CY e 23k A3AIZIe] ZHz: 15417 R 204)7
O FHE Uit ¢hHF HHE 29S¢ 5 Y1, I o)A AN =
329 E BRI FAEARAE AYA Rez AzZHEY, Ar)M AlZuRe
FEZ T2 FHAA N AAFHQ 23 AL 2@ A 200CoNA 2 5
A AE & & ok

9, 22 F3emr 220C 2 240CdWE 23 AFA|ZHO] zhz 1043 &



10 B X #

15412 O] EREE 2818 A3 Zrbste A%e Jehlm =), oled An
T 27178 neoN UR F43) Hs)t Ag=o] sy wdge) yu
ol A3l AgU Rl vlo]22 Y 2 334" FEN TRYdM e FATS
o] WA, [2, 13] EF, FAZ ABE PFo 2 AR R MAE o st
7b AP ol Az Ao vlatd A FAhgo]l AXNDEA WErt AJA 3
Z7bshe Aoz A7ETh[12]

29 12 BEs EeoAEE $x9) 23 AL gl A W, 23 A3}
Alzbol whg AHAYL Wasge dehfx Uk olm 2yA¢e 500[V]Z
A EA ST o] TP MAHFLL 23 AL o] Fuglo] 23 AshA|
1t HEo AA3] Frlete S Rolx Utk 183 23 A%} 150,
180C ¥ 200C YW 23 ABAIZIO) F 15A7F o F HEjE Aol o] oA
Hol AHAGgro] 2@IAY, Fhste A% Bolw Y} old g A= 2]
o] meolX Ast WYPo A Alg ol HAS nlojAs Ty, B A
A 29 AP ROz Az o)Ak

PCT 240 é

1.080

LO75— PCT 220

E
[ 5]
~
]
o 1.070
=
1)
g
0o

1.065—

PCT : Post-Cured Temp.(C)
sl || | |
0 » 5, 10 15 20 25

POST-CURING TIME (Hr)

Fig.11. Post-cured time -density charcteristics
of unsaturated polyster resin.



T E2ol ~H2 gilkel ko] WE Wittt FEHE D Sk Skl M e 11

1016
~ PCT 200
_ PCT 180
g
[
- 108 }—
=
]
Z
c
2 |
)
<]
jas] y -
PCT 240
3 =
@]
>
PCT : Post-Cured Temp. (C)
10" i [ I l 1 |

0 5 10 15 20

POST-CURED TIME [Hr)

Fig.12. Post-cured time - volume resistance characteristics
of unsaturated polyester resin.

¥ 132 120TColA 2417 13 A3E 33 AREE Fold £x9 A|7tolA]
22} Z3}E FF{F, B A7 AR @ AP Lr 2Pz A E W
g AT 2AE Ui Qth o] YoM E d HILexE 23 Azexd
daglol BeAtH: B FAH oz Foiste A4S e YL & F
ATt F, W2 F27F 203 3394 =24 271 YA Ho] stuwst 27}
s W, AHAY L AU L5} FolXa, shlE staert WAL, 34
o] FAZE Al 9% 3xAF FEF T2/ BIH ] stanrs) 348 {54
U, F4 23 2 d dI2x7 34 YAy, gasts 23S JeEg S
& & ok

,0

3.2 ZeHOl ME oE2|AC| RMEM, MM SN I J|HE olEEs

¥ 14€ 120TCoNA 221 13 A3EE 83 A 88 FolF &% 2 A7l A
22t Bste P& F, FALxo] W& Tand 2 &£E4H L 243 AxE Yehlz
At old 23t ASPAZHE 134102 YAEA ST = Fo4 2 AgL



12 3 A

2+t 60[Hz] 2 1L0[kV]Z 3lr} o] 2@oA) 180T 2 200C 2] TandE4o)
71 8 5498 vehllz Aok 32y 150T 2 220C 9 TandEA-L 80°C 7}
Ae Ae G oz vepd F, o] Azt o]FREE A}Aow Zrlsts
S Uehlz QUth oleidt A B¥ 3 ZgoliHE Sauhre] Bapaz
2 EALES 2HT BAE AL A ¢ 5 Aok = A FHE=
VAR 2UT 3RYA BB FREAN FAFW R Ho oF B
AIAELF £ T2 $F0] Ao Ax AR olFo] AFs A Yehlnz
Tand&4go] dAaA vehte Rog Yz, 28 52 U nuker)s}
ot AAY, BA 24 Aol dom B NINE $F 2 HZLE0)
LA EZA HE AR o]Fo] MM AXEZA o8} ] 8o} Tand tE A4
3] ARE ez Azdn,

HH FALE e 58S FH Lz FHglo] A U o Yeh
A, AFE ¢ g UT, T EYE Y 36—43F %0,

130 - PCT 200
PCT 180
PCT 150

120 —

HDT (<]
I \\

110

PCT : Post-Cured Temp.[C]
0 | | | |
0 2 5 10 15 20

POST-CURED TIME [Hr]

Fig.13. Post-cured time - HDT charateristics of
unsaturated polyester resin.




TR Z2ol ~E 2 #iige) Lol WhE Preest, HESE 2 MW ROl B AP 13

8
PCT : Post-Cured Temp. (C]

7~ ~—5
. 8 am—
— =y
61— £

TANG (%)
l
|

PCT 220
PCT 150

PCT 180
2 r—_ PCT 200
—
e /
g = T
0 | I l l
0 30 60 90 120 150

AMBIENT TEMPERATURE (]

Fig.14. Ambient temperature - Tand and €, characteristics
of unsaturated polyester resin.

¥ 15« 120CellA 2412 12 A 8H%, 1607, 180T, E 200TCN A zHzt Fofzl
AIZEEQE 23k AEE P ANRE Aoz WAAZ ohe 23 AsAT s
WFE FIAZE AES P d3E ez drk 283 23 Fiewst 58
75 AU JAZEE Jeie 23 A0 g2EHe AES Holw Q)
olgid Aotz 23 Azt el wel A8 WRER] Az FAo| g
22X Yehdes #8249 ez Aztdo o] addA Huy HIAREE Y=
221 A3t A7ty 2= BAE ¥ 13 gk

H 1L Y Ha45 i3 25 9@ A7k A3z

§].—)|: 22}'73 gz Zi}'%‘ 3R 7¢ Titi (Ti)?
i Ti(C) ti(hour)
1 160 25 4,000 25,600
2 180 17 3,060 32,400
3 200 10 2,000 40,000
x 540 52 9,060 98,000




14 g % W

Aol AAZES vehhe 22 A0 L2 WAL E 194 29 A
HAHY FrEAE /R H2A5E[17]9) o8 Hde) BHAS Taw
thest 2ol B,

nK0+K1§Ti=§ti

KDgTHK,gTi?:gTiti (1)

ti=K,+K,Ti (2)
Aol £ 19 AGAE qAsto] Austa

3K,+540K,=52
540K,+9800K,=9060

4714 Ko, K& T8 (2)40] st thest 2¢ 848 98 & Aok

ti=92.9—0.42Ti

4

T
N\
—e—
/
\
O
/
O
%
/
>

DIELECTRIC STRENGTH [MV/cm)
~no

@ : Post-Cured 200C
O : Post-Cured 180¢C
,_L/ A [ Post-Cured 160C
oLl ] L
01 5 10 15 20 25 30
POST-CURED TIME (Hr)

Fig.15. Post-cured time - ac dielectirc strength
charateristics of unsaturated polyester resin.




TR Selol 22 Bl ) ML rikol Whe tmtiite, HER 2D Ml Brol M3 Fe 15

g ol &Fo A 23t Asewd wE HH o FAAEE U= 23 A3}
AIZEE JHH OB AlEed & Atk

23 16& 120CoA 2417k 13} ﬁi}g BT AEZA FAR 2 Z Azl A
221 B8tE P& A8 uig 2F AZE AdPEAES Jel T Q) o] 29
o4 PC 200/10 ¥ PC 180/17 A& «1 A EE EX3} Zad2ga 29
A3l 2=9 120C o] FolA AMA 3] ZAste AES JelU T, PC 240/2 A&
T 60T olFolA FH3A AN UASS & & Aok o3 AP Ag9]
Batag oA Dolvhs W Ex AFAH Y At ¢S w1 des & F

Sk &, 29 1% 23 13904 & & UL vhsh 2ol 23 ABLET} 200CH A
Z2UY 3498 324 722 FAHDL Feesd B RAde) ATdEeE
=4

R AFAEEO] Fol FHAXE datd Ao Yehtng ARz EA 0]
A2NME 53 E4E Yehdles RAog AzdEo, v, PC 240/2 A8
Aetagol M By ntolaz A9 R B} AP Ai5o) FH L) ok
o met AR, EF o] A WRA yrgEwde] Agste YehEaA
dA7x7t 343 steste Aoz A4,

4
—. g\i _~ PC 200/10

A\i

w

A
PC 180/17
2 \
PC 240/2

T

DIELECTRIC STRENGTH [MV/cm)

A\

PC a/b : Post-Cured b{Hr] at a®C

ol | | l [ | I

0 30 60 90 120 150 180 210

AMBIENT TEMPERATURE (e}
Fig.16. Ambient temperature - ac dielectric strength
charateristics of unsaturated polyester resin.



16 B % #

PCT 200

TENSILE STRESS (Kg/ mm?)

Curing time : 13(Hr)

PCT : Post -Cured Temp. [T ]
[ 1 N 1
0 1 2 3 4

TENSILE STRAIN (%)
Fig.17. Tensile strain -tensile stress characterisitcs
of unsaturated polyester resin as a parameter of
post cured temperature.

¥ 172 120Col A 2X%F 13F BEE AS A EE Foln LxoA 1347
At A3E YT F, J1AH 2EdA-2EHA B AFS B3 e Yehy)
ok o] afoiA & = UKo 24 ASILrs Be = 150C 2 180"04
ANExE B mubgr)s) dol glomg 3e8o) A YeEhtn AR}
S YehEe @ 4 Aok 28y 23k AEews)l 20009 A9 AlEE s
A A% &, 328 BBy 2t AHe AHE AsHYonz g 2o o
ZEE UeliT ok Wi, 23 Fsle st 22019 AlEE YR 58 L o)A
27t AYHRong ANgRe BHs Agtol st AR AEs Holx
o g Ayztect

V. # &

1) £x3 Zejo2H 2 X9 BHEHL Fsugo) wat At HIE 7R
w2 & 7 AX, HH AsEAL 120CNA 12 Fss AFE 200004 2
2} A3te 3 Lok



AR 22Ol 26 2 RS ML hko] WE MereE, BERY 2 S Wi WY e 17

2) Exsl ZozHlE X9 Tand 2 &EAHL A3AAA 42 o
BATZE 2 X 2HS #AE /AT USS ¢ 4 I3, 200CNA 2
2} 733 Al89 TandEAo] 7H3 $4381A) Jelgton, v, £ E4 L F9ex
o Z#dglel A9 4R Gog veldon, 1 WeE g 3.6—4.3°4ch

3) EX3 EFPd2HZE 29 HF dAU= 54 Zzk PC 200/10, PC
180/17 2 PC 160/25914 JERow, o] AE £ 340 glo] HAhxtsy ol
EdgezA A ostx] 9n HFHoz 23 AFex ¥ AeE g #
Ae AL d& F Uk F 2 HRYLe e g

t1=92.9—0.42Ti

) 223l T 2HE2 529 JAY AFEHE £A9 AR 7R
s UPY WAE RoIT AL L F AW, o] B4 A4 200CA 23 A5k
Y& Aol Hoj AFEgo] tehuiny,

I E 3

1. =HE, "B Wad BoF" sAeB v, 1989

2. P. Plueddemann “Composite materials” Vol. 6, Interface in Polymer Matrix
Composite-, Academic Press, 1974

3. P.D.Ewins and R.T. Potter, “Some Observation on the Nature of Fiber
Reinforced Plastics and the Implication for Structural Design” Phil, Trans,
R. Soc., Lond, A294, pp.507~517, 1980

4. R.B. Seymour, “The Role of Reinforcement in Plastics Technology” Poly,
Plast. Technol. Eng., 7(1), pp. 49~79, 1976

5. D.G. Fesko, “Flexural Fatigue of Unidirectional Fible-glass-Reinforced
Polyester” Poly. Eng. and Sci., Vol. 17, No. 1, pp. 242~245, 1977

6. M, Xanthos and Okuno, “Mica Reinforced Plastic” Plastic, Vol. 31, No,
3, pp. 16~23, 1985

7. H. Mitusi, Y. Inoue and H. Yoshida, “Influence of Mica-Tape Application
on Insulating Characteristics of HV Rotating Machinery Coils” IEEE, Vol
EI—20, No. 3, pp. 619~624, 1985

8. K. Matsundbu, F. Aki, K. Kadotani and H, Kawashima, “A New High



11.

12,

13.
14.

15.

16.
17.

18 B OE oW

Strength Mica Insulating for Large Rotating Machinery” IEEE, Vol. CH—
1717-8/81, pp. 72~76, 1981

. AR, MM - T2 Vol. 40, No, 4, 1984
10.

J. Hognat, “Dynamic Thermomchanical Analysis of a Prepreg-Application
to Industrial Curing” Fib, Sci. and Tchnol., Vol. 18, pp. 109~118, 1983

M. Lbrobery, D.R. Day and K.P. Snable, “Measuring and Application of
Dielectric Properties” IEEE, EI Magazinem Vol. 2, No. 3, 1986

dJ.S. Cho, S.W. Choi, J. K. Kim, K.C.Lee and J. H, Lee, “A study on the
Development and Dielectric Properties of Insulating Materials for Super-
Conductor (I)- For Matrix of Composite Materials-” KIEE, Vol. 38, No.
7, pp. 511~523, 1989

#Fk %, “Polyester resin” k3¥:##k, Chap, 3, 1985

Herman V. Boenig, “Unsaturated Polyesters Structure and Properties”
Elsevier, New York, 1964

J.H. Lee, “A study on the Dielectric Properties of Mica/Epoxy Composite
Insulating Materials” Ph. D, Thesis, PNU, 1987

JIS Handbook, “Plastic(K6911)” HA#4&# &, 1987

H1%sK, “Fortean®} WrfEif##r~ pk-Citt, Chap. 14, 1980



