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Dynamic Mechanical Analysis(DMA T3 DMTA, 547/ A& )= A&

o &3t ¢ E (frequency TEi= force)S ARl T9] stress (periodic stress or
sinusoidal mechanical deformation)® 7}&te] 2% ¢} A|7F frequency? SHH=
A g 71AA RE2 ~(mechanical modulus)E S#3th, =, A5 SAHE
52 71414 (mechanical) A& o]-&3l,

A

HErA 7% (viscoelastic behavior)

243} A& (relaxation behavior)

f2] A o] (glass transition)

71 A ©A& (mechanical modulus)

9 7% (damping behavior)

A3} (softening)

B &5 (viscous flow)

AR 3 2 8§ (crystallization and melting)
2] (phase separations)

A3} (gelation)

e 3} (changes in morphology)

Bd=9 %4 (composition of blends)
A7 FH = (filler activity)

A& #HAF (material faults)

743} 7% (curing reactions)

7}alwk-S- (cross-—linking reactions)

7}2 A% (vulcanization systems) &2
BS54 S4sk=d w9 F&shA ol &dth
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Part L.

1.DMA 5% ¢4
1.1. 71¥-98 (Basic theory)

B S (elasticity) b= &o]& o] ¢ ¥ (external forces)e] 2822 213
=49 YEj7t Wslels 5SS xdst. B2 9 84 A9 (modulus of
elasticity)= 7114 ¥ (mechanical stress)ol thak A& W& (relative
deformation)?] H]&o|t}. 54 7] A4 (Dynamic Mechanical Analysis, DMA)
Al A&+ frequency(D)®] 71 A4 AF{13}F ¥ & (sinusoidal mechanical
deformation)s YA =™, o] ME sl5(force)o] SAHET. Jo=2 Alg7}f
A% force amplitude®d ¥ =W W& (deformation)o] 74T},
DMA(EA 7| AR )= 2529 324 storage modulus, E'(55573 ¥HA] 4]
A&, elastic part)¥} loss modulus, E"(55%F A A&, viscous part)<
HE3FE 7140t} o]59] dimensionless ratio(A o], &, FA 9 BARIE=
H &)+ tan 6% JFAH W &4 A5 (damping %=+ loss factor)g} &2 &t}
DMAZH damping curveE T3t 54 ¢o% DSCH TMA®] & 4o
oH L FEHol2EE ¢S 4 UtHdamping maximum). DMAE ¥ 3
=9 (flexural stress)ell ¢]3sl] A&7} 378 I (resonance frequency)E
A 71 =5 g DMA[L]9F A57F 443 3te] ¥18 X5 (flexural oscillation:
S Wy x)E WA H= F 7 EFY el DMAR FEE T

1.2. DMA -§-&%°F (Application)

DMAZE o] &3l thermoplastics, thermosets, composites, elastomers,
ceramics, metals, liquids & &3 e A5E E43 4 Ao
DMA+
e thermoplastics
* thermosets
* elastomers
» adhesives
* paints and lacquers
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* films and fibers

* composites

* foodstuffs

* pharmaceutical

« fats and oils

e ceramic materials
 constructional materials and
» metals 9]

- A5 &
« A5 &
- FETE
549 failure E4& 93

o o,

do
ﬁ O}f]_:
)
%)

W Fastn A4 Qe theel 34 %W JuE AT

* Young's modulus ¥ shear modulus

« Jetd 7% (viscoelastic behavior)

« 1EAFZ 9 morphology

« &3}75 (flow and relaxation behavior)
« 28] 49| (glass transition)

« 71414 ¥4 & (mechanical modulus)

« W39 A% (damping behavior)

« A3} (softening)

« 4435 E (viscous flow)

« A3} W 8§ (crystallization and melting)
« AH-2] (phase separations)

« A3} (gelation)

« JE)WH 3} (changes in morphology)

« 2d=9] %A (composition of blends)
o A7HA FAE (filler activity)

« A5 A} (material faults)

« 237 % (curing reactions)

« 7}lRE-S (cross-linking reactions)

« 7}}+ A& (vulcanization systems) &.

Solid A& A= Y= A 5 v A|59 % Y-S dynamic range, 7FAZ}
Aol Az A9} Vet FoE BEeta o]lE gy ow FHAsteH 1o A3t
3k 71718 A do] g F48

it
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1.3. DMA¢9] Scientific approach

Q75 += 9 E (modulus)e= SAEH 35 (force), Fa ¢ displacement
amplitude, La, 18] 1l o] W& A=} (phase shift), § 258 AxrET

» Complex modulus M#, Young's modulus £* for tension B+ shear modulus
G+

« 7} & (reversible)o] i1 8- A (elastic) 2.2 A% oL Kol H]#|3}+= storage
modulus M’ (A& &)

« H]7}9 A (irreversible) 0.2 £AH1 A7 A3tx = oo B # 3= loss
modulus M" (&2 &4 &)

* Loss factor (47157, tan 6). &3] &4 (elastic)d] Ao = $74A+
(phase shift), & 7} 2A3A] o 2H3] % /‘é (viscous)?l AE+= 90°Y
NA7E vdEbd Y. HEAd A Az EAAITE 03 o (5§ =90°) Akl #s
UERA T

Forcein N

e Displacement in um

Force and displacement at a frequency, f,
Force of 1Hz. The phase shift, &, can be calculated
1.4 from the time delay, A, using the equation
1.2 & = 2riA,

1.0
0.8
0.6
0.4
0.2 -

[}_

_[]2_

_Gd__

—G.B—

_GB_

_'| .O—

-1.2 | | | | | | |

0 0.2 0.4 0B 0.8 1.0 1.2 1.4

E\YEONJIN

FARIAr AT o)

Tangent ¢ #2 AL W ERAGA SN2 Hlol A3t
il

A = (moduli)+= B39 2o oA SA-E A (stiffness) S 2 H-E A2tgEt}
gy Fo _A
M=S-g=—"g 5=

g : sample dimension®] 2¢]3%} geometry factor
S: Al59] stiffness
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A 29 stiffness A 59 geometry?] WH3lo| JkS Hy| ufjFo] A3l
A& A& dimension S 0] &3t}

M'=|M*cos 8 M"=|M*siné tan &= 22

AL ‘ AL F
2. Bl l F. static force
l AL: deformation
A thick sample is stiffer
than a thin sample.

DMA X DMTAE A 2o 37402 forceS WA HA A 2] 744
T4 4 BEAS A 7oy B4 o] A|EE stretching S
torsioning ¢+ on|dtt}t, ojW &H(stress) S ZHd| 7S W S 71 v
T = HIE strain(s9 WIS o7y ¢ ff] Ko g 283}, o
H] #H| A5 Young's Modulus, E2} gt} ‘ﬂr% 5 HoZ o B8 A3 A
AA o), mela 8T E= stresst EAO A B At S
HAAF2] categoryi= metal spring, T2 waxet 22 SAlo dFsitt. [2]
o] aLtzfoll QlojA e EdAEe BAdY AdS BT ke
FHE Bl ol & @‘?}“ﬂ olg} gtr}., oW S-H(stress)o] Almol 7t A&
] A|m & o] wal ZEhX|k §8 W (strain)o] oFF Hol <t} Stress’t
F718olg}tH 718 R stress®t A 32 Q1 strainitol+= phase difference”} &4 3k
thar @k 4= Qlvk o] | phase differences A5 W& dampingol] o]&f A
™ BE tan § (tangent delta)® EA] 5™ 6§ phase shift angle® Z 3o}
=, A5 "' 54 (viscoelastic)dl gk AlZE A <d(time delay)ol 93]

=)
Lo

71 o7 WatEs SH(EA AFelul 29 sinusoidal stress)ell Wl §AFx}rp vk
AE = Aot} O]% 7Fall 21 S H (stress) HF(expansion)Atol o] 9 A4FxF(phase
shift) & TAYAIZITE o] 9328 19e sz SHE EEdt G(storage

modulus: AHEAE)Y G'(loss modulus: A A E) AW ET)

DMAdG A &= &% F3<(frequency), X159 qFaN AT 7|44 e
Z~(mechanical analysis)& A3ttt A5 F714 2 H(force)S 7}etd A&
Woll 714 stress7F YA E o] A|RE o] stressoll ¥H&3to =M oo Adate
H 8 (deformation)S 34 At} 7| A4 BEHAE o] wo 28-H3(stress—
deformation) .2 5B AA %= A o|t},

7} A = stress & Ej Ui}\i‘r/\i shear modulus, G(shear stress)®} Young's

modulus, E(stretching =+ bending)’} =4 H}H3].
G2 DMA SAol 93t A2 Axnz Mo AFetdE= F714 3834 3
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Al:9] in-phase -5-'H(response)o|™ A& o] 7} 2 A Z(reversible
elasticity)ol] i@t 7Hde] A G2 A Eolgt 3 90°7HA] Aols
(phase shif)® &wolH A= =0} W7} A (irreversible) 02 A ¥ = 7]
AR o gAel jdEct. o] YAxH(phase shift)] tan §+ loss factore]w =2
o] WA % (damping behavior)S Z743t=d AFEHTH

g4 & (modulus)?} loss factor(tan$)&= 2%=9} T34 o]&EAd ot}
(temperature—frequency dependant). A2o|A 1HFA E&o A& REZH A+
0.1MPa°ll A4 10MPa7}#e] 4= 712t}

DMA+= storage modulus (elastic component)®} loss modulus (viscous
component), tan § (loss factor)oll W3t AR E A|Fs=rt. DMAE &2 3
st B21d 54 SAskd AFEH A g AeL A FAQF Ho] dEsie
ZYHE X5t B2 BAES JdedAe 22 B A4S SAs=d o]

g€

1.4. Schematic drawing of a DMA instrument

_r’___:-/clamps and Clamp Supports Stand
Semele ! 1 z Force sensor
| r Driveshatt LVDT
_ Suspension (1'leml ping assembly
Bearings P Sample

Position/Displacement Sensor

Drive motor
Drive Motor

Carmiage -~ ©___—Carriage Screw (z-axis)

7Z-axis table
Stepper Mator

1% 1. A typical DMA instrument 18 2. Advanced DMA instrument
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1.5. DMA9] deformation mode

» Shear (1) : elastomer, thermoplastic, thermoset

o] st

» 3-point bending (2) : reinforced thermoset, .
composites, metal, alloy 52 hard sample °l & M . . ‘ ‘ 2
stsiot.

* Dual cantilever (3) : static stress 3}olA =13
(bending)°e] 413+ A& (thermoplastic,
thermoset)ol] % &s}c}.
* Single cantilever (4) : 574 S A5 dolo (3
met 5 T o] Algk AlE(thermoplastic)
of A 3tatrt.
e Tension (5) : film, fiber, bar type2] A]&°l| vj-$-
Asratet, AJ29 clamping®] A &9 deformation
of &S FA R AHol Utk
» Compression (6) : pasty material, elastomer, (5 i N (6)
foam ¥ < soft sampled] sl H]ns =l 7} 1] 2]
A dE= HolHE 45 7 A2y modulus®] At

e el ol

| e (4)

Lz} ek E9} tan 6+ =529 =714 $89 J(frequency)dl wEt A t}
2o}, A4 0% DMA« ILEAS] 250 mE g% Aol #g w5 7] 9
= AHE Ho Ft} 53] dampinge TX}?Z(cham length, branching% )9l ?‘]
A #Ado] 7] W o] 7= A AR Yo7 % Sh.

382 DMA curvet ofel 17 33 .
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storage
modulus

ANYEONJIN

ZAQIA} QTR 0|l

19 3. DMA curve of a polymer

HZE4 02X2 DMAcurve. Tg 2X0AMS Rel&0l(a). S ¥2 2%0 M B-transiton2 HUEZ Xt
(macromolecule)= =4l (lateral group)2l "thawing(23t)"0l &S St

Damping curve (tan 8)0fl 28t ZIMHgt2 D2A 2AM 2 22X 23 (0- and B-transitions)S LIEHHCH A X
=2l &0|Ql B-transition Al Young's Modulus, EE & SHAHM 2K 2ASHCH.

A QAo AMEEHE B ARe v 7IAY 2EdAE A 9
Q

7 F238 2218 dA3 frequency, stress Ho|th, olE EW, powder coating
process oA Az S FHo| H#ASHA EXHT. 79 Al AL #ASH
BALEo] AT oJust d7olr FHo FAF LA Gt} v 25

AaEt. =xF I8 T (cracking)e] A glo] substrate?
o W (thermal expansion) S 2B 7]23t= 7|AA A2EHAE Ad 4 ojof
sho}, B 2o] A5+ flaking®]Y damage §lo] A4 #22~d blows

AEof g

B 7AA A Az, AR, 34, AR &k AA vg F8g A%S
stol, W W99 frequencydt 2o ZA Az Hekd AsS olsstd

CECE

T, 22 A (molecular rearrangement), A 3o #HFH
1A 57

1=
dEE & U "o
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1.6. DMA =& ZA (Review of DMA curves)

3 4

________________ =
A\YEONJIN

FoYAL (p AT 0| M

Modulus

L .
T e -
e

Temperature

18 4. HIE & 102 XHamorphous, blue)2t 2% H2PA121 2 & 4 1) E XH(semi-crystalline,
red)2l 2&0 G &+=2M NEEH Z(storage component, & &)1t =4AEHH Z(loss
component, &) MEA SHIH

1. secondary relaxation

main relaxation

3. rubbery plateau

4. viscous flow

5. cold crystallization
6

melting
v SASALS 259 g vAdEd aiRxe) FE A4 a8 A%
B E &4 B Ee AY¥H Ass Ho & ool
go 2noA EALS 2] (glassy state)©]™ modulus’} oF 2GPa® At A o
2 =t} o] AoME £%£ secondary relaxation(1)o] SHHT. o 7] A

modulus®] AA| Ai(real part)> P4 W2 =W oA a4 HAshH
7Hel A F-(imaginary part)< broad$t part® YWEFAT Secondary relaxation
< side chain®] &&° 7|dgttar dHA Ao

AFEAZe] F3(main chain)e] 3] A& (rotational movements)eol] &%+ glass
transition(2) @A A A EHA & (storage modulus)e] A W3t} Loss
modulusE A3 peak o 2 YEPATH A8 o] J oA glassy oA g4
(rubbery—elastic state) 2= H}¥T}.
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b

23l g Y(relaxation)dl Al A BAdELS A4St &4 BHES HO7F &
peak? HU 2%+ frequency oEA ot WA =4 frequencys HYF
st qe 12 HOE o]Fgr

olx= 23} 7% o] ExAu| Y (molecular rearrangement)®] T4 EAd] o8] A
AE 7] dtolt. Hd &8t o] Ad F moduluse= A dAsI o= &9
rubbery plateau(3)2} st I EA F3H(polymerization)©]y 7Ful%E(degree of
crosslinking)ol] W} tt=2t} gL 1202 2#71H A 59 modulus:s 743

N

DMAE H| A uExLe] 943}A 5 (relaxation behavior)®] o] = semicrystalline
4o ddolE SAHAY & o AASG)Y E8/506)> SstAsH = HE
o 245ty &5 Al AFEAAEY ST Aae EARAEER FASE o] I
Ao A &% W+ frequencyol| &FEdHA] &=t}

DMA =74 A AwaZ(shear stress)oly Z23F=(bending stress) <ol %
=, frequency, amplitude'so] WA 284 5 Ut

DMAE F 71419 23 SHolA & Alg AX| 9 2Fo]lE KAL),

AR, AFH2 AFAH ] 'R AN o] wEold glon) wHAo
AAY A} Fe BE-E $851o] A& 4 gtk DMAE AA A9 54
Aty e BEAS A

A4, A 4]

A9k DMAI A 9] 22 2 A

)

oX
1
s

wrow ANH Aed 89 vhelA doju
AR WSl QoA ol FolAw FH FxAo

DMAL UAHolm 5291 I Ade] AHgshes Awds 44 S45a o
AHA AFLS creepst $8 g e LA

Creepol A §8& Aso] 2455 Wdo] Ao tlste] ZAHE Fk wAg
o= B 3 4 F, $Ue AARL Reo] ZHHU, 3 o|gholA, Wl
AR AgHn 149w, agn 89 gavt FAH7] A aTHE WY
& Azrel wlelste] S
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11/12



YEONJIN Corp.

3.2. Analysis of Elastomers
3.3 Analysis of Composites
3.4. Analysis of Foods

Part III.

4, DMA $& 719 (Advanced DMA)
4.1. Simultaneous DMA/TMA
4.2. TTS Master curve 24

5. A FAME v

6. Summary

References
[1] J.D. Lear and P.S. Gil, Dupont Bulletin E-42400.

[2] George Widmann, Rudolf Riesen, Thermal Analysis, Terms, Methods,
Applications (1986)

[3] gt Aldy]) & A4 DMA(Dynamic Mechanical Analysis)?] 98¢ &
[4] Mettler Toledo (Swiss) DMA brochure

[5] Metravib (France) DMA/TMA application

Copyright© YEONJIN Corp. Scientifics
Phone: 02)2675-0508, Seoul, Korea
http://www.yeonjin.com

12/12



