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DMA S/ ~AX9f =&

DMA
- Dynamic Mechanical Analysis

Drive motor; moving clampE &0 = X

Air bearing slide; moving clamp2| S& = X &ot=
Optical encoder; moving clamplt 2221 Helg =38
Clamp fixture; sample= &= grip, moving clamp@2 fixed clampJt ULCt.
Furnace; JtZ2 =2

vk Wi



Calibration

* Calibration

1. Position calibration; optical encorder(moving, fixed clamp ZtAF &)
2. Clamp calibration

1) Mass; Moving clamp mass calibration

F=F+F+F
; AS 22 2t (inertia)0ll 2/ &
> =2 SN 2

2) Zero (tensioning clamp@t); OffsetE 5l=
3) Compliance; 3™ 4% clamp7t & EfE I:




Hooke & Newton

SN EE 42

-HEES = M A2 XS 80| 202 Bt S
- StrainBt &

HEO0l X2 X E(spring)

Shear rated} W29 DA,
SHo HE A LelH YHAHXNE HS
-HEES = [ BEO AlZ2HBEIER

-> A2 XA0] QD ZAIZES HE WA SEH A

HEO HUXNZ H&EZD X 2D =4S (water)



Linear viscoelastic region

SHo HES IS

DR mmmmmmmm e e e e e e
OlAN DH(RA BtA) ------- AN SHEEY) ------- Ol &M HH (2N B H)
Real materials(viscoelastic) Ideal liquid(perfect viscous)

Ideal solid(perfect elastic) -------
tﬂam AU S20| LelH, A 2L g Ao @O OtZCH Ol BN =
HAN CHSt HAIE Q! BtS0| —-—IP X0 HSE HEZ BtFot=al, 0 €40l & &
At GA0ICE HIIA=E HEEW HEZHO I A8 X 2H 0 A2, X<
HEE A2t &2 EEE = ULt
(Bill Graessley, Princeton Univ.)

-> LVRE E0HA AMISE BHEOIH, AIZ0 &= & &(yeild)Ol LIEHLIM HESE S MIH &t
FUHE R ez SIS0t QA ESLICH &€=0] 20HU=E 0OlReE Ale2 WERAXEDt
el FOF H 3Ot é'i?l?l =2 LICH

OHI S AL, RO 20 XIALE GHO OIAIE QN H 3




Linear viscoelastic region

Nontensioning clamp
-Strain sweep test(multistrain/multistress); =7 H& S&EE0| 5% BtH= &=

Tensioning clamp
-Force ramp test(DMA controlled Force_Stess/Strain); (LN/m)

Clamp type Amplitude
(micron)

Single/dual cantilever 20 ~ 30
Tension(film/fiber) 15 ~ 25
25 ~ 40

3-point bend




S

A
/= A [Pa, or dyn/cm?]
o =tensile stress, 7 = shear stress

Strain ,% H] & @9l sl=]
tensile strain, y = shear strain

Strain rate; ¥ 3 < %=, d(strain)/dt [1/s]

i
- 5|
U

Stress;

é = tensile strain rate, ;/ = shear strain rate
Modulus; Stress/Strain [Pa or dyn/cm?]
E = Young's or Tensile Modulus, G = Shear Modulus
Compliance; Strain/Stress [1/Pa, cm? / dyn]
Typically denoted by J, J =1/G
Viscosity; Stress/Strain rate [Pa*s or Poise]

n



Dynamic oscillation test

.. total stress = o + 7 = A(E sin wt + na cos wt)

= AJE? + (nw)? (cos & sin wt +sin & cos wt)
{-cos8 =E/E* +(nw)®,sind =nw/+E* + (nw)*}
= Ha*Hsin(a)t +6) {o7| = AlE® + (nw)’}

Hff H

.. elastic component = *—=c0s d, viscous comonent = H a H sino

[l

E= Coso,n = sino
A

Aw



Dynamic oscillation test




Dynamic oscillation test

1) Dynamic time sweep test

- Amplitude, frequency & &
- Time or Temp H 3}

i

ccure, &2 Qlst Btz &

2) Dynamic strain sweep test

- Frequency, Temp & &
- Amplitude 83}

. LVR check Al Jt& 20| 0|2



Dynamic oscillation test

3) Frequency sweep test
- Amplitude, Temp £ &
- Frequency B3}

B =2 IS4 &
Am 35 ZH(TTS) MBS

u&
;
s
tol
]
sk



Transient test

1) Stress relaxation test

- =2t 8O 2 strain2 JI6t) JUHE | Al

U]

- 3501 Zel dE0lA AlZ2 R FEIF AIZ2H0I XILEEA XX HEEN 25

o
ﬂHH
=
i
0[I
00!
0
Hy
e
fon

0

- Stress relaxation modulus, G(t)

G(t) E@
v



Transient test

2) Creep and recovery test

- Ideal - Viscoelastic
- 2A™ A2 SO L EE stressE FCOHIF2AHD| 1

* Zero shear viscosity
* Creep compliance



Transient test

3) Stress/strain ramp

- Strain rate £ &

-LVR U9 XS BN E BEHES ¢S
- AEJ HE JlsE 29 MHE £ + U

- ST WA BOIE; AIE 2o
oo He 20| AT 1 RS



* Non-tensioning clamps; +

ADs /25 2 3-point bend
Dual Cantilever
Single Cantilever

43zt o = Single Cantilever
Eotad SEtAEO|LE
SEERSEEINS
Z B MX| = X & (Ceramic) 3-point bend
Dual Cantilever
EbM X|(Elastomers) Dual Cantilever
) ) Single Cantilever
Single/Dual Cantilever Tension
Films/Fibers Tension
* Tensioning clamps; Preload force Z &
Film Fiber 3-point bending



Operation window_single cantilever

* Single Cantelever(10, 17.5mm)

- Sample size

L; 10, 17.5mm(+10mm)
W; 5~15mm
T, ~5mm(~1.75mm7t X Ot JF

bal

3

0

O
0
y
&l
i
o

*10 <= L/T <= 32

A=
=

L;
A; A
I Jlol E'_ E(mm’\4) (1/12)*TA3W
T,AlE S H(mm)

W; AlZ2 =(mm)

F; clamping factor(£& 0.9)

S; shearing factor(8& 1.5_

v; Poisson’s ratio (nominally 0.44)

1| L
GF ZE{E—FZS (1+v) } Torque wrench power; 8~10 in-lb



Operation window_dual cantilever

» Dual Cantilever(20, 35mm)

- Sample size

L; 20, 35mm(+10mm)
W; 5~15mm

T, ~5mm(~1.75mmMtXIJt JtE £2 22U E &)
*10 <= /T <= 32
GF = 1 —L3 S L
" E| 24 +S( +V)ﬂ Torque wrench power; 8~10 in-lb



Operation window_film tension

« film tension
- Sample size
L; 5~30mm(+10mm)
W; ~6.5mm

T, ~2mm
(L; 15~20mm, W; 3~6mm, T, ~0.5mmJ} JI& S S8 E2 HH)

*10 <= L/T <= 32

GF =

Torque wrench power; 2~4 in-lb

> |



Operation window_fiber tension

« fiber tension

- Sample size

L; 5~30mm(+10mm)
D; 20micron ~ 0.8mm

GF =

> |




Operation window_3-point bending

* 3-point bending

- Sample size

L; 15mm(+10mm)

W; 5~15mm

T ~7mm(~0.02mm2J} = &)

*10 <= L/T <= 32

3 2
GF L 1+E(1+V)T—2
481 5 L



About DMA measurement methods(modes)

Multi/Single frequency « 2L 0 2 EH|o L= Bt
* Storage modulus, loss modulus, tan HELS| HSIE A7t 2%, XS0 M2t =™
s FARF HE S92 7| AN 242 HlL
« AZA3E M ZF; curing
* SIS 7o SEfOIM AR 2| FHA[ZHY| 2T &9 HIIE TTS

Multistrain o LVR E7}
EtM I 29| ‘mullens effect & =3

i

0| &3t

A

3

Multistress s HHEHO|| M2 I 2 3 Al(stress fatigue)
- wE 0 o3t LVR H7t

Creep e 3 £ (creep compliance)

5 AEfOIA RO &L (sag) EE S0I

Stress relaxation modulus
Z2|= 2of et gasket Ot7f(seal)7t LoOtLt & LS 0| | =7t
AlZtof| 2} 25 50| Lot & =0 8= H(fitness)

Film; 720 2 HYSk(orientation)Q| & 1}
Z== 3l(Shrink force)

-

r|r olo

Stress relaxation

Isostrain

Film1} fiber; S-S curve(stress-strain curve)
LVR =&

Stress/strain controlled force

Strain rate ¢ Young's modulus(film/fiber)
2t 2 M (Yield point)




DMA Method segment list

| segment ok

¥ sbort nest seq on signal « EXM X XO| E|H LIS stepe = Ho{Zt
(3 Fill Cooler « GCAO| K| EAE CHA| K 2= HHO|
o (A2l 2 AR 7t&t. ‘Controlled Force'?t ‘Strain rate’ modeO| A2t S5
> Force « ‘Strain rate’ mode0f A ‘displacement(strain) control'AEjE Z=Z 5} 11 stress(force) control 2
HtE
. ’Multifrequency’ modeOf| A Bt AFE 75,
HZ Frequency sweep « ZX 0| ASHE HHE 4 Q=2 frequency tableQ)
2L Increment farce « Static forceE AHttAl o2 Z2|7{Lt L E. ‘Controlled force’ modeOf| A Bt AFE 7.
T Isostrain * 0= 37|9| Straing 7t3t & A& /X
ﬂ" |zothermal o segment01I)\1 gt 28 278 A2t §X|
MMeasure Lenigth » Sampleo| Z0o| &H
e Mator drive » Drive motorE Al O =2 71 &
X

o Xgot 270K AlZHO| W2t o2 2R S SHF
T=Rt+COj| A Rt

- Displacementgt A|ZHo| 2}t 215 HHETX Moz S35,
* ‘Strain rate’ modeOf| A2t AtE Tt5.

.u-_”’ Ramp
HM Ramp Displacement

- Forcezt2 AIZH0j| ot 215 HHEX| MEoz 205,
‘Controlled Force’ modeQj| A2t AtE Tts

Straingf2 A|ZHol| 2t X F A MH 2 Z2{F. ‘Strain rate’ modeOiIHE* Arg 7ts.

’Eﬂ Ramp force

2 Ramp strain

{B Sampling interyal

Sampling rate& X|7d, &t Ct2|7}t ‘'sec/point’Z| [ Z 0 sampling ratel| ¢
f* Set Strain

‘Stress relaxation, isostrain, strain rate’ modeO| Al £ StraingfS X| &
Zt MZOiCE Y™ 20| A dataE 7| Q8 AFR. ‘multistrain’ modeO|| AT AR Tts.

L Stress « ‘Set strain' & EX StressZtS X|H.

HT Strain sweep




Performance

A2t &S 3tE

Check AE

- Storage modulus; &= @%‘
- Loss modulus; &= ot

- Tan delta; S+ ¢t

- Frequency; 0.01 ~ 200 Hz (1Hz)

- Amplitude;

- Displacement; 0.5 ~ 10,000 micron
- Static force; Tensioning clampOfl A 2t
- Drive force; 0.0001~18 N (0.01~5N)
- Stiffness; 100 ~ 10,000,000 N/m

- Temp ramp rate; 0.1 ~ 200C (1~50C/min)
- Force track; Static force/Dynamic force

Clamp Static Force track(%)
force(N)

Tension(Film) 0.01 120~150
Tension(Fiber) 0.001 120
3-point bend 1.0 125~150
(Thermo plastic)

3-point bend 1.0 150~200

(Thermoset)

- Poisson’s ratio; (0.44)



Software _Universal analysis 2000 tips

Text export

& Universal Analysis 2000

PMEEN Edit Rescale Graph  Analee  Tools  View  M:
Open... Ctrl+0 & = ti—_» Lg_ u__
Reopen
=
A Close
Close all

FRemove Analysis

Save Analysiz 4
Save Session...
Edit Param Block...

Options...
Export Plat...
Export POF File...

Filz Signalz Only...
Flot Signals Only. ..
File and Plat

Prin... Ctrl+P
Frint Setup...

Print Preview

Exit

uu

Export Data File

Output signals

[v [7-1] Heat Flaw [mtw]
I [File] Heat Capacity [mJ/C)
¥ [File] Sample Purge Flow (mL/min)

Export signal 124

Output format
(" Binary data file
" ASCH data file

o Spreadshest text file

Export file type /&4

Character set

" DEM [PCH)
 Wwindows [ANS)
* Unizode

Finish -> Storage

USES)

S 20

Text import at spreadsheet program

S AE OHIAL - 35 S 1
HOEZ 28 IEE 22E(2
CIOIE =40 SHE d55 5

12 S35
CHa [CHE] =

AL
£E £21, 0

[
03
40
il
15
ol
=
rz

HE HIOE =4
=& H0E o =3 2,
= EJt&ELLE

] it 22 SAE LFSO0A SAsLICH
PEED ZEE HIE ER>EIM SUSLICH

Cancel

2E AMZE R |1 ¢ EE Oox | 948 EF=R0 v
CitUserDatatWorkiechnical servicet #bl et TH OI2) 22
1 [ELOSED ~
[2]versione2.0 E]
|5|LanguagecEngl ish
4 [ModeeStandard

|

g2 A2

File parameters

Module Type: DSC

Run Date: 17-5ep-2008 11:567
Sample: Cure malerial

Size: 5.3800 mg

Cell Corstant: 1.0553

Exatherm: Up:

Operator; yrlee@tainstruments.com
Method: Tgloweure

Comment

Optiahs

[ Noparameter black

™ Mo data breaks or flags
[ Noirwalid data points
Total data points: 18987

Cancel

Help




Software _Universal analysis 2000 tips

Tool bar & pop uplil &=
X

‘ﬁ.l"“"&

\\\ smoothlng

shlft

Polnt value
analysis

s options
|
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Rescale
File  Edit Graph  Analvze  Tool:  View  Macroz  Window  Help
E & %k Mol e R SE MV W A A
E?; Zoom Dut Chl+2
Presvious Limits Ctrl+LI - : -
Sample: PET A DSC File: Ci. A\ Sitechnical servicetkP
Full Scale Axis
05 T FulSeale Al M L 202 ol2isi0] AHY XA
. -— _l_
Common Scale anua - = 0 - =2 ==&
E —— . S o|= =
Same Scale - Full scale aXIS &l &t t:':*-r| = I+%9§ %Z'S_ [:}
b |: = = = . A=
o Stack Aues - Full scale all; 2 =0 Oioll st H0l Full scale axis ==&t
' . . = S
] Exact Gealing - Common scale Y: HHd HE =&t scale THW
— - . = = == DD = i
g 1 Exact Scaling = . - Stack axis: CI2 JHESO0| XKoot 22t XK LA EA
E oo
Graph )
File Edit FRescale Analyze  Tools  Wiew Macros  Window  Help = |= - Slgnal
E—”@%@ﬂ:ﬁﬂ.ﬂ Spreadsheet View iwvvﬂm‘%ﬁiﬁ\{
i & Signals...
Sample: PET & Units... technicsl sernicet W PET-A v
Instument Params. .. -3 2
3 Params Same Az » ] Signal: | Heat Flow [w/g) j Type: INormaI j
Dista Limits v /_\ 1 _Y
N p :inesh : 57—’ 1s Signal: | Type: |N0rmal jl
XIS 4
) - signal ype ST S OEE,
A 3 = - i
. " o o2z | e Temperature [°Cl =20
= Curve 4 2 1, & Signd: | Heat Flow (w'/g) Type: INormaI v
z Over y = z Heat Capacity [1/[g "C)]
E: werlay =4 ] H 1 Sample Purge Flow [mL/min)
i < Plot Header. . Z ) . N .
% 5 4 Plet Legznd.. _V g 1., % Sighal: I Mot Used j Type: I Normal j
Iriset iw... LN Y
Options...
N phions § " Time [min) = S5t 5 AE4
s Plot Full R ange F o REMH AHE et signal A
-~ Auto Scale Mew Datax i ] ' TampeEe(E
‘2 Auto Scale Mew Data™r 5 " Signal: I Heat Flow [w//q) j Type: INolmaI j
: o Ignare Breaks in D ata zo‘o 25‘0 3007
S e Ignore Invaiid Data oo ik ak. Save Drefault | Cancel | Help |
Auto Refresh Data
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