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Evaluation of energy absorbing capacity of rubber by calorimetry
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Rubber with viscoelasticity is not only famous elastomer as shock absorber, but also one of the most powerful
materials for cost performance in civil engineering use. The energy absorption for 4 rubbers (Chloroprene rubber,
Natural rubber, SBR and IIR) has been estimated by tand corresponding to energy loss from the dynamical elastic
modulus by DMA (Dynamic Mechanical Analysis) and the dynamical specific heat by TMDSC (Temperature
Modulated Differential Scanning Calorimetry). Time-temperature superposition holds no good in the frequency
dependence of tand,,, (maximum of loss tangent) for the rubbers down to the low frequency by TMDSC. From the
recent concept, CRR (Cooperatively Rearranging Region) with the dynamical local structure, it is possible for the
dependence to interpret qualitatively tand,, over all measured frequency region. CRR takes the cooperatively of
molecular motions for glass materials into consideration. The energy absorption can be understood from the
microscopic viewpoint of CRR links on the energy absorption under a large deformation.
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ZOE-16XY, tandu,DEANZREREBREE L TR
TAHRZENTER., “EEO7 oLy IALERD

BB EZ TR L TEY, BldkEtir S o ofEE
WEKET D Z LB 0h5. 202 b, BEREDS
DHERER CHABEEKFEELHRT 2 Z 8T, HE
RED BRI AR & CO=RAF—RINEZ FHET 5 2
LWNEREERD. 22T, Zuur Ly adhtRKRT A
DEZRNF—RINEE BT 5. 4ETRLEZIAZDD
DOTFNAF—RINHEICBE L TIX, b A IR%
Lo, ARBIREHICIIRREEVSH B LN
Hondklieolz. DV, TMDSCOBHEEER CIIFRz
EOZRALFX—RETH DD, T LD EWHEOR
WHSER Tl 7 nu 7L T AOF R R — R
IKENAENHZ EThB.
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7. HFHEEIEIT & 2 tand . DA BEKIFIED B

7.1 CRRIZ & 3 5 5 AEBOFFR

6FEICKN T, tandudITBREIREERH D Z L& R
HL7, ZhEHRTHHIE, BEFEEIRTHWSEH
[FEEENME (Cooperativity) VP DBLENHE LTS,
Cooperativity & 1%, WWEP T 7 AEBERE TS, B
BENHOBREEICS L ENEL, 2fIICTRE—20R
BIZRDENIBZFTHD. TDd, WENIIZIX
WNepa=y FOERRTE, EAONETCHE2=v b
DHFEE TS . B-1TRTL91L, o=y b %
BEIEH =y P&V, 2=y NOERF HRIEShE
BH(Cooperativity Rearranging Region : CRR)& V9. Z D5
PSR I FEET 572, NEBEIIEhFho
CRREGTHAT L= FNVF—HBRICERTS. £, &
BB D L BRESBEIT I 2=y MENJIELL
BEBURTEEE RS Z DI & AMandn, DJE i E: &
MO DOBEENRHD EEX, UFTTEREINS L5221
FELES) = > MEN,DBEERTENEZ R, tand DA
BURTEE & el U7z,

W ELER)EE (CRR)
E-17 BREESH1=v k& iGEESNEE

7.2 fRATH IR
N 30 T AEBIRE L EREBD OCEHT 5 2 L8 T
&, WA TREINhZ Y,
B RTsz(l/cp) (14)
Na I MO&vZ

A(l/c,)=1/c&= ~1/ o (15)

T T, RIIZEMAEREB32I/K mol), TiIAEERK vz
BT BH T AEHIRE, MIIWE mlbi ) DEE
(Fmo) THB. EBIT, ¢, ¢, STIEERLED D
B-18IRT L 252 6hn 5.

NDORBEEBEFEZ RO B2, NDEEKFEESE
TRA6)E Az, ZDOFIFluctuation approach'H> 5 5-
OB THB.

N, ()= az(ﬂd]z (16)
T-T,
T, aldER, T 3ofEf & BEMOSIKEE, Tix
VogelliE & L THBNTNB LD THD. 1272 LT, 2B
LT, ZZ TR TCERNDERE TS, Vogelld
BEA T AERARE DR BB AR TEE &2 %5 VFTHR

0.3

o
N
¢"(/gk)

o
st

o
(=

Td}
220 225 230 235 240
Temperature(K)

®-18 &, ¢, STOEEH

(Vogel-Fulcher-Tamman-Hesse equation)'® 1 Y BH{35 =
LRTE D, VFTHRIIGRR TRENS.

(17)

logow= A+
g T-T.

TIZT, 4, BIEETHD. VFTHRIIESFOE HE
BOBE"DORT I ENTEZRTHSD. ZDOVFTHR
EIRETIZOWTER L, Fluctuation approach?> b5 5
HNEBEOBFBEXTHARU)IZRATHZ LITLD
KA EZ HiLD. ABFFTIER(18)7> BN, B I etk
A RDT-.

A@@»=J{a;—zqggw—A>_%’ (18)

73 #¥t
ARBHITEESED 7 nu Ly AL RRD A,
WHERFEA L TCWRW L I AO=EEEY AN
7o, 2o ORBHZITEAMITEE ShCnizu.

7.4 PR
TMDSCIZRWW=RBI ORI & A X & B-9TRT.
TMDSCIHIBEEIRIE0.SK, FIREEE1K /min, JBEEEHH

1$-120CH>5-30°C, A#IIX60, 90, 120, 150, 180, 210,

240s(J8 #4#40.0167, 0.0111, 0.0083, 0.0067, 0.0056, 0.0048,

0.0042Hz) D E+7/3% — 4T > 7=. DSCIZXMETTLER

TOLEDO#t#! DSC822¢/400% FV /-,

75 TRER R USSR

BERER L BREEFHARY, K14 ERA5DBNZE
HHUZEREZE-19RY. 22T, M3 FE0EY
BLEANOHTFETHD, 7unl L3 AT

88.53(g/mol), FFK= A TIE68.114(g/mol) % AV -

IO, EHLENERH, LEROMFHIETN,0R
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BHRAFIEZ R, T ORBEE-2017Y. ZORRE
D, TRTORBCRBEKFEERL, BN E<
RBITDIVTNGID 2 2B L WD BENRSD. ZDN,
DREBEEERFEEEZR-21IRT. 351z, B-21&R-160
No & tanGo i3 B BURTEMEIZ B L CRIEDIR S BV 2R
T ZOZEMND, B2 T L DI, Nk RjF—
R, IZIFHPIBMRR S D Z BN n5. £,
TLORESFR L TH LA, CRROKX SITHHUN,
W H T B,

INHZ b, =y NALHGREETSBE,
FOZRAX—HERIT, TNENOCRRETEAL,
FhE#) =y FOEN, TRPDOLCRROKX XiE, =X
ANF—RIREICEERITT. 2FD, NA3EL, CRR
BREWGE, IWAOCRREF LD CGEIT 5 DIZK
FRTIRNLF—EMHEL L, £EOTRLF—BEITKR
EL D, FORD, NBEEWIZE E T 0L F—IRIHER
FL 2B, ZDZ EIEIR-22I1ZFRYN, & tand o DEIRA D
BETHIENTED. RIIND DAL, /NS WOCRRA
T SABBGFEIZ=RNT—RIEREL B0 TH
iE, R-221CEHHROR L-HEBBRIIc 25, 2ok
HZE-22h 5 b, N, CRREKEWEH A, —F
NE—RIEREL 2D Z EBmhsd.

Z D X 51T, Cooperativity DL % VY5 Z & T tand,,
DREFEEETEE ERICHRAT A E N TE R, T,
BEIEEH =y MIN, ZANVD 2 LT, MR AN
B TR F— IR 2 3l C & B ATEE A R L7z

8. i

AT, BEH L UTHW2 I A0 BHEEZE
BT 572, HHEAMRROBEEICHRT 2IREFEER
E LT, FADONFRGE L BWISEICHBERBRREYH D
ZEND, TMDSCIZE D ALK TAH LT RAF
—IRIRPE DT SR REB Lz, T, HEEREH
PR O BT S IREER & LT DMA & Az
IO OFHMIFEE AV, a2 A OVWTZmRALF
— IR AR L 7. & 512, TMDSC & DMA 2T,
TR — R D B BRI 2 T2 & & b,
I, BREBME (Cooperativity) DS % W THFERY
BENOER L. ThbDZehbRrENEILELU
TlizE LB,

o F LD T A THEEIC L D =X —RIE

BEEL, FRCEBMIZ LD = X — R
T4 5.

o GHEEM CHERRE LI2BE, BENELRBIZD
NC, ZRAX—RIHEIMET T 5.

o FENFRI L THEHE, RARITLE/narLrd
ADZRAF—RINEREL, 7FAITh, AF L
VT E TV A ADIRIC = R =R ST
LK.
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e TMDSC & DMA ZHWAZ &icky, TAEA
T 5 AN DA A LB LT R 72 AR A3
AREL 720, IRV VAR TR X —RIE R
NS5 L AHEREE R o T

e RIRITL L7 mu L dAhDT R F—IRIE

L TiR5% &, TMDSC DOREEER CIFR

BEORILX—RIETH o728, FR LD EWil

BORBREERE CIZZuu 7Ly T ADIE ) BNE

haLtWHRERoT-.

tandp, DEREKFEEZ R LEFIC LY, AES

Nz AR IR -RE R BRI RS L

TS ol. £, TOFERIBELT

Cooperativity DEEEF VD Z & T, EHANCTHE

TEDREEE R LT,

o BFEIEEhL= v MEN, Z VT, EARB AN D
RN E T CTE S 2 L RH L.

ABIETIT - e RV —RIEOFHEIE, MR
TR T A LD TH D, TADOFEEMIT 1%L T O
B EBEE%NIRSKERDBETRE RS, 20
=W, KE®E2EZR LIz X —RIEOFHES, &
BOREBT LAOMEIERE, BARIZBWTRICEE 25,

—fRIZ, FAIKREET T X —RIERE <,
BERA R BRRE CIXn ANV X — BRI L RO R
PERTER. O, TRAXF—ERIZE 2EE
BEEEAIETSD TMDSC T, ZORICHERSHSD. KBF
ZECIRELUFIMES EE, TAOKEHR FOZRILF—
WP $ 5 T & ITERR .

B AERUMITEZEETDICHEY, RELERE
ORISR TL, BIIENK, HEECK, EIXEHK,
METTLER TOLEDOBRASHEDEATERK, EHETRK,
TRTATA ~F )57 ) ad—RattoFHE—K,
EIHERIRICTHAEE E L. Z R EHoE S
FLET.
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