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Development of High-performance PUF and Organoleptic Evaluation of Polyurethane Foam for Car Seat
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A polyurethane foam for a vehicle seat cushion
was developed in order to improve seat comfort
and drivability , as well as to reduce ride vibration
and weight. An organoleptic evaluation of seat
comfort, which is a static property, was performed by
examining hardness, wobbling, bouncing sensations
and the bottoming feel, and the correlations between
each evaluation marker and the polyurethane foam
property values were clarified. For ride comfort, which
is a dynamic property, emphasis was placed on the
vibrational properties of the human body, and a clear
determination was made that adjusting polyurethane
properties improves performance. A method for
designing the polyurethane foam was established using
there results. Using this development method, it was
possible to achieve a lightweight seat with superior
seat comfort and ride comfort that produced little
sensation of vibration or wobbling.
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Fig. 1 Material characteristics of polyurethane
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Fig. 2 Hardness controlled under different density
and indexes
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Fig. 3 Organoleptic evaluation method

Table 1 Procedures of organoleptic evaluation method
Feeling Test method
Feeling of Sit still on a seat and make a sensory
hardness evaluation on a 6-point scale.™
Wobbling Based on urethane test piece equivalent to
sensation the reference one, swing upper body back

and forth and around to make a sensory
evaluation on a 6-point scale.

Bottoming feel | Stand up from urethane test piece and sit
down to make a sensory evaluation on a
5-point scale.”

Bouncing
sensation

*1 (To correct feeling change with the passage of time, compare
seating comfort with reference samples and other test piece.)
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Fig. 5 Relationship between wobbling sensation and sag factor
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Fig. 6 Wobbling sensation and ILD hardness
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Fig. 7 Relationship between bottoming feel and sag factor
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Fig. 8 Relationship between bouncing sensation and
hysteresis loss rate
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Fig. 9 Hardness of polyurethane test piece and level
of comfort
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Table 2 Feelings and urethane foam characteristics

Urethane compression Physical property

Ventilation volume

25% ILD
hardness

65% ILD
hardness

Sag factor

Hysteresis loss
rate

Impact resilience
rate
BR%

Ventilation volume

25% compression
Reaction force

65% compression
Reaction force

Value obtained by

dividing 65% ILD

hardness by 25%
ILD hardness

Rate of mechanical
energy loss during
1 cycle of
compression
deformation and

Height of an iron
ball bouncing back
when it is dropped

<Vibration
absorption>
Approximate
energy loss due to
ventilation

recovery resistance of
urethane cell
Feeling of hardness O ©
Wobbling sensation ©
Bottoming feel (O) (O)
Bouncing sensation © © ©
Comfort level O ©
O : Good © : So good
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(Attachment point of front seat)
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Fig. 11 Viscosity mass damper with spring model of

PUF
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Fig. 12 Movement by spring rate of resonance
frequency

4. BEFE

Y — b TEBEARITDH 5, KROREISHEDOK
TN HSDERKITHETEY 2T 7o & LIRENERIZO W
Ty L & URHEREE PUF O LS OBRE E L0 7.

41.ILDa> rO—JL
XL OMBEAEWILD IZ2DWTiE, 4 VYT 4 —
M VT 7 AL EE T 25%ILD &5 Z &8k

TH 52, TOTHETIZ25%ILD & 65%ILD Dl /5 % e
fEicay ra— L3528 3HMEETH . Fig. 1 TRTik
W2 R O ICEET T 5 LT PPG O FEB LUK
Jv =K+ =)L (POP) DENEETH 5.

42. W7 7772 & PPGHFE

SHDERITHENRE VYT 72 4L Fig. 13D &
IRV = LDOGFROMENKE N & DERTE
7z, KU L2 UEIROEXX % Fig. 14 1983, (K537
PPGIZHANRED TR PPG #HWZ2RY oL 4 Vg
PPG &7 3V EEAMBEEL R, 41 V7 1 — b &GHIE
EAICERINZN=-FX AV I B KREL LB, Y]
HWPE A, £ FICPPG TR SN SV 7 e A
vV MNE, BATERELSHURT VRSSO, PUF OFf
MEL TR EEA M= TEMENLS EABDIZ W
F-S iz 5.

4.3. BIRMEEEE < 5 D E RO

Y LAY ORBIIERGTOBIE TR 5 & Fig. 18D &L 512K
VA =D TH 5 PPG O TRIZKZHENKEL,
BT R PPG &2HW3 Z & CHIRENE & K> 7
FXEBZENAREL Z E DA o Lo Lad 5 Hifl
IZESTFRPPG # W TERER kii#{K< 45 & Fig
15 O K ST IR MBI 7 P 35800, I
RIEFENEL & 5. Fig. 131287 X512, PPG DES T
HILIZED YT 72 2 BMET LSS DERAKERT S
B30, CODEREDNT VAL LB ENERTH
3. HfllZ@E sy & PPG AL L 72354, dyaibic X o ki
NEL a0, HREEIEL RS, ZhiZO0nTE, YY)

3.4
3.2
A NOrm
- 30 al ceyy
' .
= Estimated
- value of PUF =
[}
=3 28
S 2
o]
P 2 =
> Vo
c QA 26 S
(7o So 0
2 ) [
‘% 24 The thinner CM
column becomes,
25 the softer PUF becomes
2.0
Small " High
Molecular weight of PPG polyol
Hard segment size is small. g Hard segment size is large. T
= Viscosity of soft segment has high e o LY ) = Spring characteristics is increased S .
impact. % ‘_ 2 l_: iy due to resin elasticity. A ¥a W
SR — 1R
ok RN oot
Initial deflection load is reduced. e | "_.,* T Initial deflection load is increased. -] )
NCO crosslinking points are increased and | b NCO crosslinking points are decreased (18 ’ -
urethane becomes harder. DAE= e and urethane becomes softer
Network is fine. Network is open.

Fig. 13

Sag factor and molecular structure

— 134 —



BREFHEFEICESWAY—MERYILES T4 — L

RETFEICLDEMEER I L Z 2 T4 — LOBRE

Conceptual diagram of urethane resin

Hard segment (island)

Hard segment is crystal structure which
consists of hydrogen-bonded urethane and
urea groups formed by NH group

Soft segment (sea)

Soft segment is non-crystalline
structure which consists of
polymeric polyol component of low
Tg (glass-transition point)

B  Isocyanate

[ Chain extender

—\_{ Polyol

Conceptual diagram of stretch urethane resin

e -

Fig. 14 Schematic diagrams of polyurethane
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Fig. 15 Molecular weight and vibration transfer
characteristics of PPG
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Fig. 16  Air flow rate and resonance magnification
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Table 3 Specifications of flexible PUF (400x400x100 mm)

Unit Development Reference Reference
existing mass- | high density
produced low product

repulsion urethane
urethane
Density Dcore kg/m3 63 63 83
Hardness 25%ILD N 250 245 250
65%ILD N 730 700 675
Hysteresis loss rate % <15 19 14
Repulsive elastic core % >65 65 68
Resonance frequency Hz 3.3 3.6 3.3
Resonance magnification (A/A0) - 2.6 2.6 2.8
6 Hz transmissibility (A/AQ) - 0.6 0.8 0.65
10 Hz transmissibility (A/A0) - 0.2 0.3 0.28

Fig. 21 12J£& 100 mm @ PUF % HW = 4RI M 201
¥ KO A TRS PR, K EER TR ' EDR
By L & v k0 & ARG <, 2D ARG H
BIMVREAZRL TR, ARPECR T4 Hz 25 8
Hz O T OIRBZELE2ME . P HFHR TR 5D
F R RANIE, IREYMEWT A D TRV, FY — b TS

Conventional

Developed

Fig. 19 X-ray Microtomography ¢3 mm 3D View
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Fig. 20 Compression load characteristics of flexible
PUF 400x400x100 mm

Table 4 Specifications of trial seat

Cushion frame Pan frame
Cushion pad thickness (HP) 105 mm
PUF density (core) 63 kg/m?
Hardness 25%ILD (Pad) 245N
Hardness 65%lILD (Pad) 790 N

5O ERMKE SRS BHEEL 572 PUF OFEZ /R L
TW5,

5.4. Bi% PUF ¥ — M OD'BEBEETE

HijljiZ Table 4 |2 $E#ICOFERY — b 2O T, 7
Z b 32— ZEFTOIEZS— MK B EREEHITIZ BT
Table 5 DHERAE72. PUF @ PPG Oy FREFIZL 3
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% 2 & TORS » ERIRBPILFEME O o w —ILRIE (<
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Fig. 21  Vibration transmissibility of PUF

400x400x100 mm
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Table 5 Organoleptic evaluation of test track driving

Structure with spring Full pan structure
. - PR . - PR High resilience and high-vibration
. Foam with formulation to reduce High res'!'ence and high V'bra.uon High reS|!|ence and high wbra_tlon absorption foam before reducing
Mass-production foam . . absorption foam after reducing absorption foam after reducing " .
wobbling sensation " " " " wobbling sensation
wobbling sensation wobbling sensation .
- baseline
Soft-touch feelin - Felt 0.5 | - Slight permanent set -1 |- Felt +1 - Felt +1 - Baseline Baseline
9 x |- Felt x [¢] [¢]
- Choppy road (US) +0 |- Choppy road +1 |- Choppy road +1 - Choppy road +1 Baseline
80 - 100km/h less vertical motion O | less vertical motion O |less vertical motion [e]
large vertical motion - Vibration absorbed when - Vibration absorbed when - Vibration absorbed when
: ) - Vibration not absorbed suspension fully stroked suspension fully stroked suspension fully stroked
Damping feeling when suspension fully - Unsteadiness of spring - Slight stroke observed and - Slight stroke observed and
stroked. hardly felt sufficient thickness of foam sufficient thickness of foam
felt felt
- Rolling observed when +0 |- Movement of spring feltbut | +1 |- Good firmness +1.5 |- Good firmness +1.5 Baseline
Rolling stiffness feeling | turning corner rolling stiffness sufficient @] © ©
. - Hardly felt +0 |- Not felt other than atbelly | -0.5 |- No =0 [-No =0 - No Baseline
Shaky feeling .
. - Felt -0.5 |-No +0 [-No +0 [-No +0 - No Baseline
Fluffy feeling x
Rebound feeli - Slightly felt -0.5 |-No -1 - Firmness, felt thicker than +0.5 |- Firmness, felt thicker than| +0.5 - Greatly reduced elasticity| Baseline
ebound feeling x - Felt thinner than actual x actual [¢] actual [e)
-No +1 - No +0.5 |-No +1.5 |-No +1.5 Baseline
Bottoming feeling o) - Slight vertical acceleration o |- Right amount of stroke, a o - Right amount of stroke, a o
felt at suspension bottoming sense of fullness sense of fullness
©: So good O': Good x : Poor
P %
6. T&H “EHERT (2008)
2 h=x . BEimEx
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