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A
positc material with the sheor thickening, lonnalates @ the
matci, I ope eevbediment, the fiber inclodes carbon fikes,
glass liner, or polymide Gher.

4
amoant (being changesd a5 shown in Table 1) Physical
praperties of e shesr thickening, formulaiocs ar: ttidmned
in Table 1,

-
TABLE 1
Tiastirg Irctial  hfairsiin
SHima PEGRMw and  femperalne viseosiny visoosey  Shoroic SlcPEG
eoinde ) ameert [l a4 ] Daps] 1= 2] [= ] KD
Lompantive G FEG-MN 40 g il [} 1184 165 150
Emasmpls L
Comparaive o] PR-HEl 3 g 25 43 1230 Ak 23%
Eniarrgrhe 2
Expmphs | 16 PEG-I M g 25 e Th] Z¥0TR 13 307
Twample 2 1E FRG-002 27 g 25 o E] ARG " 1.5a

"Vicanckr: Boockficd HEDW - I

Helow, exemplary embodimests will be described in
detail sa as Lo be sgly realized by a person beving cedinsey
kpwrwledge in the art. The imwmbve coneept mey be enbod-
il i warions Serms withou beusg, Bimitsd o the excmphary
erhodiments et forth herein. Descrpboss of well-knoan
pusis are amilled For elanny, @ul bke reforoncs omperds
refier 1 Tike clemens throneghoal

EXAMPLES
Shear Thackenng Formulation
Fxample 1

76 g of mlwon oxide with an average diameter of aboat
S0 g, (S0-F2 silica, coanmersially svailnble from Denka
T, 14 g of palyethykene ghyeol (PECG, Mw =200, comimer-
cially svailahle fom Aldhch), and 7% g of cthapal solvént
[commercially svailable from Cheng Chun Phatis Co)
wers pul inso 3 one-necknd plass reactar (300 mL) and e

25

3

o

As ghovan in Table 1, the shee sckening, foemulations in
Fxamples 1 amd 2 with silicen oxide and the PEG havmg &
wieight matio of 3 to 4 mught sckieve the maximoam viseoery
at a shear cate of B 570 w0 8 57h Companed to Compartive
Examples 1 and 2, Fxamples | and 2 may largely enhance
the fast thickening it

Example 5

The physical properties of te ghear ihickening, formuda-
tiei in Example 1 were teped an 3¢ ., as shown m Table

Framphes 4 nnd 5

kLY

Simalnr i Fxamaple 1. and the differences in Fxamples 4-5
werz the stlicon oide amound, the PEG Mw, and PEG
s (being chaoped m diown in Tahbe 23 Physical
pruperties of the shear thickeming foulations are tkaliled
in Table 2.

TaBLE X
Tezag Iaitial  Mlaasiion
Silicon PEG-Mwasd  Empewmre  vismsty | viosmily  Shesr e
omde {F] asoli gl =t s ] Heped ']
Frazmplke | bl PLG-200 24 g 5 sz FARTH £
Eumagipl: 3 Th FEG-200 24 5y M1 2Ll
Fuareph 4 ™ FEO-N0LEg bl AqE0T BAISE T
PEG-1000 12 g
Eamgh & ™ FEC-200 12 g L] 731 ZLETRD ]
PEG-L003 11 g

atarredd an poom semperatun: far T boues 1o 24 bours. There-
albir, the solvent was removed by wacuang :\'n]'mh:\r.an.d
lve: pewetion pesalt was cancentested 10 5 shear thickening
funmubstivn with physical properics @ aholaed o Table L.

Icample 2

Ag abren in Inhle 2. the maxvores of ran P with e
Mu.' walpes i Fxomples 4 and 5 madie the shear thickening
E':m:.uLtlnns. still horver Fast thickening effect 21 high tem-
perilure.

Examples § and 7

Sipnilar o Example 1, sl the daifferences in Example 2 45

e the silicon axide anwun beng chenged so 738 g and o

PR amount being chenped w0 22 g Physical properties of

the shesy thickening formulation are twhulated i Table 1.
Comparative Exampls 1-2

Limiker 0 Pxomple 1. the differences in Compariive
Frxamples 1-2 were the sificon oxide amaunt and the PEG

55 thickening formmulations.

Similar o Example 4. and fhe differences in BExamples &
andl T were a differenl amousn of seoeclay (Lapeaie RIS
clay, dinmener ol 25 nm, ek of .52 nm, commercedly
available Trom Roskowensd Co) being added into thiz guzar
The mnecly amound and the
physicnl properties of the shear thickening formualmions ar:
tzhulaxted im Table 3.
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T 5
TABLE &
Clay o Tecting  Fhidsle
Silwon axids PEG-3w a8d  resmodel bl e Ioporifise WG
[ a) ATearet el | ) resulis
Esasphe 1 ™ FEGIN 24 g 0 13 Msprpiahic
Evarmpbe ¥ T PEG.H2 22 g NI 14 Agcepizhic
Emairgia > i 3 PFEG-2F0 24 g O L41] .J.::rrr:ﬁl:
mele & 0 PEL-260 L2 g © = Auxepnable
FEC- 1000 12
Exampde 5 1] FEG-200 13 g © = Acccptable
FRCE- L0 13
Exsmpl & 5 FEFIM 12 (i 1k 3 Acceplable
PRG-I L3 2
Haampk: ¥ % P31y Chy 2 g 15 Apoeprahio
PEG-1000 12 £
Cramgpie K ) PEG-200 12g O T= Arcrpishie
PELG- 1000 12 p
Exampde ¥ T4 PRG-I E2pg Clayla ™ Accrptabls
FER-100 12 '}
Fxampl: 1O T FEIMI2g Oy Iz 5 Saoepiable
PRG-I LY
Eunzsmple 11 T PEG-100 11 g Manacellboac a5 Acorptahic

FEG-1M I2 g 4 5

Comyposate Filme Maberials 2
Bxample 12

Carbaom fibers {Tairvhl Carban Frber TC33-12K, commer-
cially avatlable from Formas Plagiics Corparmian} were
impregnated i the shear thickenmg formilition in Example
7. % seis of the impregesied corbon fiber layers were
ahernalcly stacked [FSE0SE L L L The suck was
heated T 807 C. 1o 907 C. and presesd a1 507 C. 1o 907 C.
far €5 ke 4.5 kours, tlbeneby obtiimng o composibe film
nEatErinl-

Exanple 13

(ilass [bers { Lireot Roving 546, I3M0=T0 1=k, commer-
cially available from Tniwan ghes Iedustry Comporatian)
were impregnsted in the shear thickening formulativn in
Fxample 7. 4 res of the impreprated glass fiber loyers were
alnermmiely stecked) (0PI TS, The stk was lusled 10
A0F O, e 90° . and preessed nf 07 O o 90 O for 0.5 0
4.4 hours, therchy oblaining o compesite film matesal,

Example 14

PMolyamice [ibers (Twaron 2000, 1620 die, commercially
available from Teijin Ammid Co_ L1d,) were impregnated in
the e 1hackening formulanien in Fxsmple 7.8 sots of the
impregnabed polyamide fiber layers wons alsernately stacked
(PRIEATRDE L L The sack was heated o 20% e 80P
. and pressed at 80° O to WP C. for 03 te 4.5 hoars,
therehy obtainang 2 eomposite flm maberal

Commpaeative Fxamples 3 3l 4

Simikar te Fxample 12, and the differcnes in Compara-
tive Examples 3 and 4 wene the carbon fbers being changzed
& sieel plate (Th o’ 1,0 mm, commenczally svailshle
from SHIN SHIMG CHIEUNG O, LU and sax carbon

fiber cross woven Tabrics (G 13-TM0301E, 3K crbon yam, £

commsrcpally pvniloble fom HOMYTECH 0., LTI
respeciivihy

3%

5

Comparative Example 5

25

Mo compesite Gl meteriol was wsel, which seved =3
crmniral group of the Empoes e,

[lenpemer Tesd)

w Subsequesthy, Cemgrerative Exanple 5 and the compusiie

filn emanesials in Fxzemples 12 1w 14 and Compamabie
Exanzples 3 10 4 were checked by mpact s, First, one bos
of the compesite film material was adhered to clay with 2
thicknwss of 30 mo, and a sec] moand head {1104 g and
14.2% con®) was disposed a1 another face of the compusite
filin maferal, whersin the composite film material was
disperied between ibe clay ond the steel reund bead. The
el posand head was mnpescted by & golf hall with a dhiameter
of 4267 mm aed o welocity of 43 mfs, sech that the
compaste film maserial was impacied by the sieel muand
hepd with & velocity of 25 m'e, wherein the contact apes of
(b sl pomnd hesd and the compesiie fln neterial w1
in 3 om®. The snkiog degreess ond sinking wolume of the
composite im matenak ond the clay wiere then mensored,
ax ghivwn i Tobde 7.

TABLE 7
Composte  Siekco depdi Simkigg
a0 [k it afthe Sinking il TR
thicksess  componic Blm depth of off b clay
{rmrs) matrrial (@) T olay (mml des=)
Exsmplc LY T =0, 21 1B H] PR}
Exsmiple 13 In: <L 035 150
Example L4 LIE S 30 150
¥ Compandive L S0 S £
Txampia 1
Cparaliv: L74 050 430G LA )
Framphe +
T - e L& (ETi
Frsingle 5

i will be appreal 1o thoss skilled in the art s varicos
meedilicutons and vonations can be mal ta the dasclosed
methedds and marerinls. [ is imended e e specification
amil examples be considered as exemplary ooly, with a troe
seope of the dischosure being ipdicated by die follesang
claims Al their equivalents,




