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Abstract: In this study, automobile seat static and dynamic comfort was studied by changing copolymer polyol content
and NCO index. Static comfort was tested by UTM (universal testing machine), drawing stress-strain curve of the poly-
urethane foam followed by measuring 25%, 65% ILD (indentation load deflection), hysteresis loss rate and sag factor.
Dynamic comfort was measured by testing the vibration characteristic of the polyurethane foam. As the proportion of the
copolymer polyol in the NCO index 100 polyurethane foam increased, ILD also increased while hysteresis loss rate
decreased in the static characteristic of the foam. For the dynamic characteristic, increase of the proportion of copolymer
polyol resulted increasing resonance frequency and transmissibility. DSC (differential scanning calorimetry) was
employed to investigate molecular mobility of the polyurethane foam by copolymer polyol content. The result by the
DSC indicates that increase of copolymer polyol proportion have affected to higher glass transition (7).
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1527 A%, 283l GsAlA k=t
A& AlFshe AEZF 134 S0 s 2%l
AFeA}F F-Folgtal & 4 vk AT Al W] '@t
o] oz} JEt Y FEollM ARl e ot 2
5%, QAvE 5o AAAFS o83t He g7k Algst
= OYsE 988 sk FEoEM 998 ddis) vt
I\ =

AFs2E A E eRs e 5o FAEE 19609
e AHsAE Aol gl BEEa o, Alzgdd ut
2} &ek2 28 (slab stack)s} EE=3E(molded foam)o 2 -
Hct! Sk 2" Sge QS AFLEAR] Fo g A
2 & 850 A AkS B AIE fl= S AE AW
detol] Fasiod ALgEH, BEEe g U855 38 U
FYste] Wxsle g EHOE AE gite] R E At
A3z F3xo] ol slgHh.

ZE9e F2 & o]AAoHo|E 9 ZHE H7HA
7} 318HA Wk doA AAHE EE FSHAEN s
218 A Edl= Aed EA4S A e 58 ARl |
o} Sl Eo] gehy = A FE(hard segment)Zt A
AR E(soft segment)2 2 T XS 4= ). AFFELS F
2 o]|iAopdlo]Ee o) oS FASHA =M, Zelf-el
g o] 71AA B 2 TS 7Xth AFR e &
2o oJal] A= ZT)9alet o] ¥ 2 732 (damping)
0l FFS 7FekY e F W AR 9F
Fo] vlgS 2Esto =M HukAQl A5 B 54
S W32 S 9lom, NCO FHHI(NCO index)= 53 3l
T U &S 718 B S ) oliAlopd|o|EX|(-NCO &
g& 3 7% FA7HA £ EE 7481 (-0H) B 3H &
NCO g} spH o5 2] (1ol YeRigich. NCO B3]
7} 10031 739~ olaAjopd|o]ET| e} 218717} 101 WhHIE
2 ZY9de & Axg 3E grlsie NCO B#H]| 7t
100 o241 A5 74ZFER] o]A oo EV} HFFo g F
Yulof Al Zeledet #o] vt %, v §94
(flexibility)e] 7Hske E4< Leh HTHS o]2jdt B4
< ol&st] FEgHe & g WATCEN, AE =
o] thFet ket AL 8T 4 it

AEE QA A HEshe FEo= AF 23 A g
gk S GEFE SAl AR Y dgE s NS A
Azl e =M Hete] H2hS HasAe 98S '3
st Qtehtel] Qo A|EZL HIX& o] Ausit). 53
ZE)9EE £ A9 AE gt AH-e 2A| kL 9
w2l 2 kel slg ARl 7Y UHe ABAde vt
A3 JTh! A E ke ZA4] A EX4(static property)t
2] 5% (dynamic property) '+ 7H EFE FEL T 3
o A okeike 'Rt 2 Al Eelede F 24 §F
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e A% 79 F AA Ee wEo2vE dsiE WEol
NES B3 A G A AT 5L oujgt,

= =
AE AA Qs Hrtshr] feiMe Eeteld &2
S MY T M (stress-strain curve)S ZH O ZH Hojx]&=
ILD(indentation load deflection), ==L #|<=4 & (hysteresis
loss rate), sag factors FRIT 4= lom St WHES 2
) HepITE HAE= A E sErt 45EE el wet
I s S8 =M, AR 27 AE HE A9
25%, 65% W= Al AEE GH e Wrlsled 2
g3} S3u Awe ANE 23 A BeA SRR
4 e FEol7] wiEdd A o] AR 7S Al
A NE =2 A|zxsh= Zo] FR3T) 25% LD x}e
AE 23} Al 2719 FEelE(softness)S =2 T U= &
o2 IRk #HE QxEa & 4 9o, 65% ILD
Eof 223t & AE =25 7o
A== ARE 22 & e ARAR FHE AL &
T St
FUAELES F29He 55 d5-olgh Al 2dH
= AUAIE SA ke FECE YAFA Holn|E SA4Te
2 7 F AAL T Fo BELE S el X8R

Ho

AN ELEL
0%7} JeR A Eth 2FsAF AlE =9 9ol AYUR|A
AU WA 2 A 7] dSUAEEES THIES
FHE & BEAAAE she Aol F8sith U W of
SANURAEEES 7 ZElede 52 A% 7 5 54
°] 5 Hv A4S WS F Jon, Ui 52 45duA
A5 EPgE" Fo| Are AE He=rt s AF
S AR FA 3l olE AAE AR <l 3

2 e 3l
Sag factor= 65%/25% ILD H| &= AH&H o2 324
3l AE F= AA7S YEE ARRE S8, ek Al
E J|=9] 27102 sag factore] o] 2.8 oFo] Q==
Ao defA Akl ekt A EE FeeEe & 4y A
3l

==
]
A
o,

FollM 27)ole FEEPHAE FAl AREAGe] -
of & ZlolH =& sag factors 7K A|E F=9] 75 A7)

AE T2 R Wrie 9w £ IE5EAER
H|E 285l FX1F 3 (resonance frequency) % X-sE
E(vibration transmissibillity) 282 3l g<1g <= Qlrh. <l
Ae TR 7] b Fuked B s Hed A
A A E FAOR We T {1919 15S F ke A
& A E7Fssit). oiRk, 33150 4~8 Hz F9ollA o)
O] QIAIF-LI (M, 5, 5, &, Ey7F A v 3x1F
BrE 770l el IEHEES A= A
o] 3tAoln, 53u} FXIFu 6 Hz <471 oAkl
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7P ERTE e G900 dEA JrhP Ao g A
E o] AEEA AEATE e 2o A 2 A
T Al ¥715F Q1A tiste] o]Fo] ot i

52 AFEAE A E B 8 7ANRRS SSA7)7 e o
2 FE9 fRSo] et 25 A|EdA 6 Hz 99
9] AFHAGE A4S $JaME T3] 228 (high resilience)
= &k ZL ARl A7 dRbd oz B8
3 glov s |ERE 6 Hz 08t AFur e 335
oA e] JEdgEe] Asohe 24AE AT o+ Aotk
gk e & JAESAH0E Qs HA EF 24 3
ol tigk o] mulgh Hol7| wiitel] wrd] M
Eo| W2 Zpue Fo] TEHQ efte] %
2}l ddely] oYt webs EFEe-eEe Fo] HA-F
e AHEEA S THHCE vl Be A7to] Qhetst
T3 AE = 8 7ARNE SEA1E e dexlol
Ats T

2 AFoA = E9-dE F2] oFg NCO BagH] oA
FE FeE T Wl mE AE sj=e] g4 54 ¢t
P B4 GFEE Flstaal 519 ew, DSC(differential
scanning calorimetry) w415 &3l & & Tkl
wE FE 9w & AT 54 wskE #Eeiith
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. Isocyanate equivalents
NCO index = . (D)
Polyol equivalents

where
Diisocyante M.W.
f(no. of functionality)

Isocyanate Equivalents =

X% ILD (kgf)=F,

where

ILD: Indentation load deflection

X%: Deflection of polyurethane foam thickness %

F: Load at X% (kgf)

) Area (Y)

Hysteresis loss rate (%) =m x 100 2)
where

Y: (Reflection area of polyurethane stress-strain curve) — Z

Z: (Indentation area of polyurethane stress-strain curve)

65% ILD

Sag factor = 5% 1LD

4 3

HME. 2 JdAzo] A8 st vt

Table 1. Data of Raw Materials

Raw material Functionality OH-v Note
Base polyol 3 22 MW: 7500
Copolymer polyol 2 MW: 5000

(SAN grafted)

Cell opener For polyether polyurethane foam type
Surfactant Silicon copolymer
Catalyst A )
Amine catalyst
Catalyst B

Distilled water

Modified MDI prepolymer

Blowing agent

Isocyanate

2t} wlol X~ Z ] &(base polyol) B IFEZTH Zg|&
(copolymer polyol> =M (glycerinye 7HAIAZ g+ Z2]
ot 2 Z2]-&(polyether polyol)Z FEA]-F3}eol|A] A|gHt
o} ARE3IATE. o]aAod|o] E(isocyanate)= MDI(methylene
diphenyl diisocyanate)9} Z2]2(polyol)S F3ste] THE 7]
Z¥ MDI prepolymers = 357|2%0|8}8tol|A] Al gREQITE, 7|
HEGA Z= Dabeorte] AElE AHSAHAE ARSI,
Zvll= Air productsAte] oFRIA E0E ARSI o, W
AZ= SHTE ARSI Z29-8E & = ARE ¢
gt 98 FHE Table 19 YR

Eo[E F M= RS Hrts] Slg AEFdE
S ZY9de F9 AR7|EE 65kgtl/m’ 7|FOE W
400 mmx*400 mmx100 mm 22 EZ0|A cold cure H2]0
2 AZ3I9 . NCO G#H])E 92014 10902 FZen &
2]& &2 10~30 pphp(part per hundred polyol) T=ol| u}

g 22| e & ul &S AT A vl =
Table 291 YERASITE.

NCO FH] ¥ :EZT|&9] i HrHEol x3d &
g 7B~ 3.5 L PR OA 587 3000 rppm o2 W
Wb & 25°Co] QB 9] S o]iAohlo| EE
24717k Bt QKRS A st ] f-Ew & S
o]AAJo|o|ES HIIsle] 8% w9t it § A o] A
7F #YsH =x2E 60°C 530 9EE Fof 50| 23
AolA 1027 A AT Az Z2 9 E =S
g3ste] 28 PSS R on, o] F 2z sl
397 5743} ARl & EAHIEE KeYEint. Bk €]7]

=gl Sz o7t Fof BN} exkE =o)7] 4l
sto] Hjo]x ZEle ) ZEYH E2)2 B, NCO 3%
U Al Z17] S LR ol Azl

X

ME MY S4M. 94" & =] B4 dahe 3
7F8}7] $15ke] UTM(universal testing machine) AH|E o] &
ste] skE4 AlES JaEkih A7 200 mm 71 ®
100 mm/min $E2 ATEAS HSFA0 75%7H] 4 3
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Table 2. Formulation for Polyurethane Foam Pad
Formulations® Index 92 Index 96 Index 100 Index 104 Index 109
Base polyol 80 80 90/85/80/75/70 80 80
Copolymer polyol 30 25 10/15/20/25/30 15 10
Cell opener 3 3 3 3 3
Surfactant 1 1 1 1 1
Catalyst A 0.45 0.45 0.45 0.45 0.45
Catalyst B 0.2 0.2 0.2 0.2 0.2
H,O 2.5 2.5 2.5 2.5 2.5
Co-polyol 10 - - 43.53 - 43.50
Isocyanate Co-polyol 15 - - 43.52 43.50 -
(MDI) Co-polyol 20 - - 43.50 -
Co-polyol 25 - 43.50 43.49 - -
Co-polyol 30 43.50 - 43.48 - -
“All formulation amounts are given as part per hundred of polyol, pphp.
AA 2Qe 38 W T, 45 SHWIE M= el 4 IFES ) ) ABFUE FErEos B
A ret 24491 25, 65% ILD, Y5oluAELE, 12 FAC FEeEE £ 2 ARV) e Al S ol&
sag factor 4315 th. St ZEEY 22 gl upE E2de Fo| B4
N2 S5 84, 29de & A=e 54 es 4 f5dS Fsk] fleted DSCEA S Fdl frelxdol
7¥eb7] Sl AE54 H7F 4RlE ARsisith EEe-dw 2=E SAIY
F =S /% Slo] £9 ¥ FUE 150Hz GoR A olaiy SMEM. 34 ek BAS UTM S
A7 AT A5S 7Iete] Eelede & W A Zgato] FEede F5 39 uAEHEE AR T 4
YsE FAFAE 2 FRFAING) REAYUES 2 v SENYE Ars a9 SEEHS SYHAT, 25%

25N 8 5. e Fu=e EAEH s
A 23S s17] ¢six DSCE 83519121, TA instruments
A 100 AH]Z 10°Ce] 5= £E=F -100~200°C 2%
TZHe] G AR {2 (TyE S

#n o B

ol E2lE, ZEe E2lE, =, ARG, oSy
Fiote Zele dRl ZeH et o] johilo|ES] Wk
Foto] el F2 FAsIolTt wols EeS/AE

3E

& W& 3 NCO B3|l m& ME si= 9] 4
P B o B AIES sIem, o]8 Bl

£ Yot vz} 53tk AA NCO
ol E8]& o) A& 2L e
Z} 90:10, 85:15, 80:20, 75:25, 70:300% Zu]9-get Z& g
J8a, BA FZEEH E2ES Al9S ) ugtesE I
AAIZ A ZEH E2]lS TS 10~30 pphp HISIAA &
ZeE S Tt olm NCO B3H]= 109, 104,
100, 96, 9202 ARFEIQATE & 107141 9] E2]-¢-de & o
=5 slIen, AE = Urd wet ZF EE
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ILD, 65% ILD, 45U A&=HE 128]3L sag factors -3}
Atk NCO Za] 100Y w) HWjo]x 2L o ZZ2y &
& v]go wE $-HIYE AE=E Figure 19, NCO F
Zupd S T AT Figure 20 UeER oW, A4 4

e NCO INDEX 100
T —_POLYOLA:POLYOLB=90:10 |
——POLYOL A: POLYOL B = 85+ 15
——POLYOL A: POLYOL B = 80 20
——POLYOLA: POLYOL B =75 25

130 ~

POLYOLA:POLYOLB=70:

Force (kgf)

Deflection {mm)

Figure 1. Stress-strain curve of polyurethane foam with various
polyol proportions in NCO index 100.
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—INDEX 92
——INDEX 96
150 4 |——INDEX 100
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@
g
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N
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0 2 50 15

5
Deflection (mm)

Figure 2. Stress-strain curve of polyurethane foam with various
NCO index. NCO index 100.

52 Table 3] %7135t}

NCO F3¥] 100d o ZEe|H Z-&9 H|E&o] 715t
o we} 7+ 25%, 65% ILD %ol dsdte 74 ake] el
25% ILD7} 53k HIEWE 65% ILD “d5E°] A
710l sag factor= & ztol7F YR A & 21 &
UAT}. ILD7} ssls 8QloRe= A& 289 vl
o] sl wet ZEH g ZHEZEH SAN
(styrene-acrylonitrile) 3 H3F F718l%10H, o= ]9
g 5 W AR A x| GRS vR] wiitolzt et
o2 A3 NCO B3], AR7E oA Z2¢-de
=2 71714 FEYH FE H| o] ATl ut
2} 7 sh= olfr= BEIAA= %A

Table 3. Static Properties of Polyurethane Foam

405

9k, B2 (vinyl-based) Z2]W7} Z2]9-2e & 4 Al
A Fzo] R G2 Qe wAsta A Qo
FAUAELES TR R ZEY F8&9] 1| &0
71l wEl Adssle FAIE HYoH, ol d5E E9
Lo UR7F 2 Eo] Bdgo] THAsile-S ov]gitt. o=
S elles Wlo| 2 Za]go] v AR Il g
Aol YIS F= AF 9 gYo] Fo 7] wiiEo]
o} dukzlo g Hodo] 100%2] SFAEMIAL] A9 o)
VXA E0] 0%Z =3 gy 22

o2 A 83 AlQS B Mige s 74
A7l A ZEEH Z2]8 T3S 10~30 pphp HISIAIA Z2
S FS Ao, olw NCO B4 7F 109, 104,
100, 96, 920 2 AtE ATt ZEYH Z8]E ghFol 30~
10 pphp=. 7HAaglel| mhe} 4ksH-0H) Bide] 74aslr| wiE
o] NCO F#H]= W2 F7FFATh 25% ILD= NCO &
] 920014 1007H4]= S7ke A& B3t NCO 9
H| 71 Al AR o] Aof|o] ES] HIE Bt F7ta)
of ZElede Fo] 1A A=rt dssA Hed, ol
g & FEIHAA o]irfol|o|EV} 1Este] 1A}
HkS-ol L@ eh(urethane), -$-#|oHurea) Ago] 2] o]4A]
ohf|o] E9} 23} wk-g-3lo] U=l o] E (allophanate)et H3l
(biuret) 23HS FAJ3h7] wlito|tt. d=vholE ¥ Rl 2
G i, Sor Ag7t 7w Es oy 9
g #9] ILD S 7tel 7193t} 2 A3 o] NCO F#H] 7t
92~100%1 Z2]¢-det F9] E4AT= ez Ay
F Ah? 2y NCO B34 7F 104, 109¢ ®+= 25%
ILD7} 7H4shs whje] A3dS Bl o]= NCO J#H]
7} Asshe i ZEE v Z8]22] SAN ko] Atide
2 El7] e, ZeedE & Wl dEEe] A

2 ol 22

3z
=
[e)
=

NCO index 100

Base polyol : Copolymer polyol 90:10 85:15 80:20 75:25 70:30
Density (kg/m’) 65 65 65 65 65
25% ILD (kgf) 22.1 23.6 25.5 27.9 30.7
65% ILD (kgf) 75.7 79.9 86.5 96.5 101.8

Hysteresis loss rate (%) 17.2 17.2 17.9 18.8 19.3
Sag factor 3.43 3.38 3.39 3.46 3.31

Various NCO index

NCO index 92 96 100 104 109
Density (kg/m’) 65 66 65 65 65
25% ILD (kgf) 18.6 20.7 253 22.1 23.5
65% ILD (kgf) 69.1 74.2 85.6 73.6 75.2
Hysteresis loss rate (%) 18.2 18.1 17.5 17.8 17.9
Sag factor 3.72 3.56 3.38 3.34 3.20

Polymer(Korea), Vol. 43, No. 3, 2019
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7t Aaste] AAAA 71AA Fdedd Y w7 Wi
o2} A7}t Sag factor= NCO BigH| 7} 715l whet
ke FHE BYoH, o]= 25% ILD tY] 65% ILDS]
TR NCO Fav|ol| whe} & ZolE Yeh A k97|
wj&o|th, NCO B34 92, 96 off ZZgv] Z]& shafo)
HFo s FYPOZ QlF] W2 o]iifopd|o]EL] H|gol =
g%om w2 AEYY 8 FFoE 4% $%4 65%
ILDE lél~— FE7t YER7] witolel F5E T 5ol
Y l%ﬁ NCO B whe} Zgdo] EOW e
ALk %«l e JeERA "t} ol gy 5o
vl X

B DI vloles Fok Yol AL 2ol
whTy,
T el el A S Aap] e AL

57l st Zelede wieS AAlsoF It K o=
olglsl A EE 2ulole AXESIY &3] S v 2
a5 Faol= A% AAF 5435 AUk gk 3] A
2 F) 2 o el 953 AE HE A2E AT E
Ze-dg & EEAE W2 NCO FHE 7THAHA =&
E‘ﬂ‘:ﬂ iag &k 61—0 oﬂo]: 3} 74o]q. sk —IE]-/H
Hg Bk Al TR oL FASE A

Zo] vEA%) Za)¢g ek wig AA whdolgt & 4 ).
S olEtz SNEA. A 74 A 9rE AYEE 2
£o lolofo} A28, 2| Fol, A Faje] QA

A=A ==, & ﬁ?owc AFRE0] GE¥= wiAlst
3 22A AE HE9] MEEAE aEstaal siGith AlE
o 4 <t B4 1EHrPdHIE E45le] 1~30 Hz
FYo B VRFIFE et Fol| 7hsle] yFI
o} FRFIFo 2] AFHGES A3 NCO T3
H|7} 1004 o wlo]s Fe)s of ZEeH Ee)s vleol uf
2 F9de ¥ 1554 A= Figure 39, NCO 37
HY XNEEA A= Figure 49 YeERom A4 4352
Table 4l ¥7]3F3At}.

NCO F&H]7F 1009 = wjo]x Z2]& of ZE&e £
& HgofA] Hlo]2 Fe&e] Hlgo| i) ue} 3T
9} 6 HzellA 9] sxdEo] BT F7FIAA, AlE H=

Table 4. Dynamic Properties of Polyurethane Foam

% . 97 -5

Ay - A - AP

6 NCO INDEX 100
e G —POYOLA:POLYOLB=90: 10
= ——POLYOL A: POLYOL B =85 15
= " ——POLYOL A: POLYOL B =80: 20
.E ——POLYOL A: POLYOLB=75:25
& ——POLYOL A: POLYOLB =70 30
8 37
T
k]
% 21
8
= 14

D T T T T T

Frequency (Hz)

Figure 3. Vibration transmissibility curves of polyurethane foam
with various polyol proportions in NCO index 100.

6 VARIOUS NCO INDEX — INDEX 92

——INDEX 96
~——INDEX 100
—— INDEX 104
——INDEX 109

Vibration transmissibility
ad

Frequency (Hz)

Figure 4. Vibration transmissibility curves of polyurethane foam
with various NCO indexes.

o §4) QlEig FEe sl @R ool th,
o] ZLOR Mol Folg w5 2E EIE T o
| QUArt B9 F0) B4 54 o 2 JFAR <)
A 9

ol es) ofeigich. el F2) NCO %%t
= 22 A% e v

NCO index 100

Base polyol : Copolymer polyol 90:10 85:15 80:20 75:25 70:30
Resonance frequency (Hz) 4.22 4.49 4.63 4.90 512
Transmissibility (@6 Hz) 0.83 1.04 1.20 1.60 1.93

Various NCO index
NCO index 92 96 100 104 109
Resonance frequency (Hz) 4.48 4.46 4.54 4.66 4.58
Transmissibility (@6 Hz) 1.11 1.10 1.23 1.16 1.06

Zay, A|4338 A33, 20193
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> 1%

X

18 A3 Tt 7538 & of 94 50 4
A ZE9dE FoMe T2 22 H Ho)
2o Aoz ZeledEe o 54 54 & 9
Adkar Ak 5= QIATh NCO 3#34]7F 100 o
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