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A new term, thermomcchanometry, has been proposed to the XCI’A Nomen- I 

clature Committee as a group uame for thermoanaiytical techniques basfxl ou changes 
in mechanical charzk&ics. IaA has adopted two terms: thermomechauical 
anaiysis and dynamic thermomechauometry as defined techniques in this group- 
A more generai group name has not heen defined in IOTA notienclature. Dimensional 
chauges caused by thermaX and mechauical meaus are cIass%ed and the difkreuce 
between thermodilatometry and thermomechanometry is shown_ Vii&tic de- 
formations are clmed accordiug to the variation of the properties of a materiai 
with time. The efkct of temperature on the static or quasi-static mechanical~de- 
formation and dynamic deformation are classified as the basis of thermomechanical 
analysis and dynamic thezmomechanometxy_ Some references ire &ven from recent 
publications by the author’s laboratory oti these techniques_ 

The new nomenclature in thermai anaIysis has been proposed by the h’omen- 
clature Committee of The International Confkderation for Thermal AnaIysis (KXA) 
as the fourth report and approved’ at the business meeting of IOTA iu Kyoto, August., 
1977s ; 

The Cxxnmittee‘gave-the foliowiug new definition to the aualysisz A-group 
of technique in which a physical propexty of a substauce** is’measured as’s fimc&oh 
of temperature whilst the substan~ is subjected to a controlled te&erature pro-->’ 
&(.%_ ; 3. 

With this definition, the committee classified most t&m;&& techn&s 
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by the physical property to be measured as in Fig. 1, in which mechanical chara 

teristics were adopted to classify some defined techniques into one of nine main 

&roups- 
During the discusion, the committee fkst intended to define a group name for 

each group of techniques. and I proposed the term thennomeci;mmmefry as the name 
for the group based on changes in me&anicaI characteristics_ Utiortunately, the 
group names have finally been dropped from the cl&cation by the committee. 
The committee agreed, however, to assume then7wrneckzical analytis and dyrmtnk 
zhermozechnnnnrprry as defkd techniques in this group_ The former term., usually 
abbreviated as TMA, is very familiar to thermal analysts, partkukly in the field 
of polymer research- The Latter may sound very strange, however, as it is a new word 
based on my proposal, 

Before the first nomenclature in thermal analysis was published2 by the 1CF.A 
Committee in 1968, nomen&ture was left to the arbitrary naming proposed by the 
developer of a new technique_ In 1967, I wrote a long review cm Japknese) on thennal 
analysis based on changes in v&co&a&c properties and c&d it ~k&~~k&gkal 
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maZyds’_ In this review, I classified many mg techniques-by the-mode of de- 
fozmation, i-e_ tensile, flexural, torsional, and more general deformation, and also 
by the loading condition, i-e_ static or unidirectional and dynamic or v&rational i.s 
deformations_ 

In 1972, the IOTA Committee on Standardization agreed to make recommenda- 
tions for report+ the thermal dysis d&a by t&nnomechanicaI tesbniques_ I 

drafted the report and the final recommendations were published ir; the name of the 
&airman of the committfx~_ 

In 1974, when the nomenclature committee came to describe a family tree of 
thermal anal* I proposeda tentative nomenclature in thermomfxhanical technique 
I was very hesitant, as a Japanese, to recommend a new English term, although, of 
conrse, it was easy to coin a Japanese eqaivaknt- However, I[ proposed therm* 
mechanometry for the whole technique and static thermomechanometry and dynamic 
thermomechanometry for subdivisions_ The existing techniques are easily cIassified 
into these subdivisions So-calkd thermomechanical analysis (TMA) is cia&fkd 
into the static thermomechanometry and torsional braid aklysis fT]BA) into dynamic 
thermomechanometry, By this wording, I deliberately avoided the use of the expres- 
sion thermomechanical analysis in parallel with the ICI’A proposal’ to use thermo- 
gravimetxy in piace of thermogxavimetric analysis, At that time, the nomenclature 
committee did not directly respond to my proposaL 

In April 1976, a nxzrtber of the committee, Dr. T_ Dan&, drafted the first 
nomenclature of thermomechanical technique5 for the nomenclature committee, 
partbUy adopting my proposals_ His recommendations were thermomechanometry 
for the group name and thermoanalytical strain m easurement and thermoanalytical 
damping measurement for the techniques. These terms were apparently conscious 
of TMA and TBG Personally, I could not agree with these narrow defitions. 

This proposal was revised and finally confkmed by the committee at its meeting 

ia Salford in 1976. This is a part of the report by the committee as written before_ 
The term thermomechanical was fkst used by Russian scientists_ Professor 

V_ k Kargin and his collaborators in Moscow reported’ on an indentation therm* 
mechanical analysis of polymers at the end of 1940’s and they reported maay other 
types of thermomechanical curves following this pioneering work_ The commercial 
instrument for thermomechanical analysis was originated by Du Pont as an attach- 
ment for their DTA apparatus in the middle 1960’s. A similar attachment for the 
DSC instrument was soon constrnctexl by Perk&Elmer_ These instruments were 
widely applied to polymer research in the United States. Many experimental systems 
in thetiomechanometry have been developed in addition to these commercial 
__ _ 

ents However, the term TMA is commonly applied only to the application 
of the Da Pont or Perkin-Elmer instruments_ 

In contradiction of the reason for the rejection of TGA, ICXA adopted the 
termTMA.Thismaybefortunateforinstrumeat~andtheusersoe 
_these instruments. 

In this rep&t, I would like to analyze the various techniques in&d& in thermo- 
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mechanometry by the more general de&&ion in the ICI’A nomenclature_ The term 
thermomechanometry was proposed to, but has not yet been adopted by, ICIA. 

In the IefA definitions, we can find a close relationship betvveen thermo- 
mechanometry and thermodilatometry. The following de&Sons have been given 
in ICIA nomenclature* with a slight modification to the word order_ The terms in 
parentheses correspond to the Ieqxctive fines in the second parentheses 

Thermodilatometry 

b 1 

is a technique a dimension of a substance 
ermomechanical analysis in which under negligible load 

Dynamic thermomechauometry~ the deformation of a sub 
stance under non-osciila 
tory load* 
dynamic modulus and/o 

1 

damping of a substance 
under oscillatory load** 

is measured as a function of temperature whilst the substance is subjeden to a 
controlleO temperature programme, 

In these definitions, thermodilatometry is based on the change of a dimension 
of the substance under no Ioad and thermomechanometry is based on the deformation 
of the substance under non-oscillatory or oscillatory Ioad- Deformation is also derived 
with the change of dimensions. To differentia*& these two techniques, we must Srst 
consider the difference between the dimensional changes caused by thermal energy 
and by the mechanical work applied on the substance_ 

VtXESfOXAL -GE AXD DEFOR?&XTIO?4 

The dimensions of the substance in three redaqpkcoodinatesdefIhuzits 

size and shape- The vohrme is also derived from these dimensions- The dimensional 
changes arecaused by thermal and me&a&al means, 

If we subject the substance to thermal energy, the substance undergoes thermaI 
expansion- This is the basis of Z~e&ifirZometry_ Converseiy, if we remove thermal 
energy from the substance, a thermal shrinkage+ that is negative expansion, is observexl. 
Hereafi+r, we include thermal &rinkage in thermal expansion with this rnean&_ 

If thermal energy is applied to the substance isotropically, the substauce 
expands uniformly in three climensious, which causes an isotropic change of volume. 
It is called ~oZw?ze hermodikzromerry_ On the other ham& if we have a sample of 
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noniiotropic shape, such as i bar, fiber, plate, film etc., we may observe a particular 
change in one dimension, i.e. iength or thickness. In this case, we have linear Zhenno- 
rfiloometty. 

If the sanpk has an anisotropic character in itself, the sample may expaud 
nonisotropica.lly under uniform heating. In this case, the sample changes its shape by 
thermal stress. For these samples, we can aiso apply volume thennodilatometxy if 
we have a means of measuring the total volume change. A mercury diiatometer is an 
exampIe of such a means. 

The mechanical change of dimensions of the sample is called akjbmafion. The 

deformation is expressed by the change of volume or mechanical distortion of the 
shape. The former is measured by volumetric strain or bulk strain, i.e. the ratio of 
volume change and initial volume. If we observe an isotropic incmase of the volume, 
it is caDed e.xpansion_ Iu this case, we also iuclude compression into expansion as a 
negative expansion, as iu thermal expansion. Volumetric deformation is caused by 

normal stress. The positive normal stress is caIled pressure and the negative one is 
tension. ThesenonualstreSes act on the surface of the substance perpen~cuIariy_ 

The mechanical distortion of the sample is caused by shear stress and measured 
by shear strain. When shear stress is applied taugentially to material surface, it causes 
no deformatiou perpendicular to the surface. In this case, the dimeusional chauge of 
the substance appears au&tropically. 

Generally speaking, the deformation of the substance is caused by a more 

compIex state of stress. The simple deformations by tensile or fiexural stress give 
extension or bending deformations of the substance, which are general strains in- 
cluding both voiumetric and shear strains. 

In time, the deformation of the substance causes fracture. Common me&a&al 
tests are operated up to this point aud the ultimate stress is caIIed the strength. The 
strength depends upon the rate of deformation. With rapid deformation, we measure 
impulse stren_@h. In fatigue experiments, we measure the fracture of the substance by 
repeated deformations. In these mechanic;rl tests, we measure deformations, but the 

sampIe is destroyed and is not recoverabIe_ 
UsuaIly, observations of me&au&! deformation are carried out at uniform 

temperature- However, in some cases, the evolution of heat by mechanical *forma- 

tion is observed and a special device is needed to keep the sample temperature con- 
stant During isothermal mechanical deformation measurements at high tempera- 
~~thesubstancemaydegradethermallyaadthiswillbe~~~initsmechanical 
behavior. Tlms, the thermal and mechanical deformations often affii each other. 

Mechauical properties of matter are characteritco by the &ect of time on 
deformation. When we put a uniform stress (or strain) on the substan~, we have 
two~cases, If we observe no time effect on the deformation, we have an eqnilibrinm 
deformation called elastic deformaton- In this case, we can measure the elastic 
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moduhs by the ratio of stress and eI2stic strain- The inverse modulus is ea&d 
elastic complktnce_ If we find a time effect at a uniform stsess (or stkn), it is caki 
nozz-eqruXhtium viscoe~astic deformation. The typical time effects are observed as 
srnzss relaxation at a constant strain and creep at a constant stress. 

If the substance ffows under stress indefinitely, wz also have two cases_ Fk-st 
is the steady viscous Row which shows no time dependency of the fiow rate under a 
constant stress (or strain rate)_ In this case, we can measure the coefkient of viscosity 
as the ratio of stress and strain rate_ We can differentiate ~olumetic 3low and sheat 
flow ia this case_ Trme-dependent non-steady-state flow gives us thixotropic or ~JI& 
thixotropic behavior_ 

When we put the substanoe under a dynamically oscillating stress (or strain), 

we also have steady-state and non-steady-state behaviors. At the sready-state vibra- 

tions, the stress and strain oscillate in phase for &WC materials and out of p?xue for 
viscous materials_ The common v&oeJaGic materials give us a phase diJT_ 
between S&S and strain osciilatioas intermediately_ From these forced osciIiation 
techniques, we can obtin the elastic and viscous ccmstants of the substance_ Reson- 
axe methods are also useful for the determination of similar ~~RSGUH.S_ 

We C;UI also obtain efastic and viscous components from the non-steady-state 
dynamic measurements, such as damped fa osciiIat.ion techniques. Some impulse 
deformations, such as a rebound test of viscoelastic balk, can be used to measure 
tiscous dissipation of the deformation energy. 

The effit af tem~rafure on mtxhanid prop&es is tie basis of &enno- 
znechanon&ry_ Static or quasi,sta~ic appIica!ion of the mechanical load to the sampk 

at a controikd temperature pro,aamme constitutes 2hennamedianl;cal ~f&Sis_ 

If the mechanical deformation forms a uniform straio at a constant stress, it 
gives mecti& constants for each maZeriaI; for an e&tic substance, the elastic 

modulus is temperature-dependeot; for viscous materials, we obtain a curve for the 
tem~rature dependence of the Gcosity coeffi&ent_ For xriscoe!astic materials, we 

have the relaxation modulus or creep compliance at a given tie plotted against 

temperature, These measure ments require a substance of known size and shape iz~ 
order to determine the ch;iagc of dimensions with temperature under loading, 
Thermomechanical curves have been widely used fur determining the softening 
temperature, at which the modulus of the sample decreases sexy quickly. 

Wit Is diftlcult to get a defi&eIy shapea sample for measure me& we may use 
the more general mode of deformation at a coostant load (but not at constant street). 
The most commercial thermomechani~ anZryzers take this form by using a mode 

chosen from penetmtion, extetion, cmpzssion or&xurat deformations. ThelcTA 
df&lition of zhermo~ analysis describes this sod of meas- ro this 
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case, we measure only a deflextion or movement of the loading body relative to the 
sampk surf&e. These measurem ents do not gise us an absolute value of the v&co- 
elastic &aracteristks*, but are still very usefti for measuring the reiative chauges of 
mezzhani~ properties with temperature. They give the~omezhanicai.curves from 
which the softening points of substauces are commonly determined_ 

A combination of mechanical and thermal dimensional chauges gave us an 
interestiog measurement of thermal shrinkages_ After stretching a film of polypyro- 
mellitimide at room tempera-, the tensile stress was removed from the samp!e_ 
Initially, the cold-drawn film sample shrank quickly and then graduaIly, but it still 
reti& an amount of tensile stzain_ When we measured t.bermodilatometric curyes _ 

of these extended films at utiorm heating., we obtained thermal shrinkage curves. 

From the curves, we could find three different molecular relaxations above room 
temperature for this partic&r polymer, which were completely coincident with 
those obtained by dynamic mechanical and dielecvic measurements9. E3y analyzing 
shrinkage curves obtained at various heating rates, we could kinetically auaIyze the 
thermal shrinkage process of tbk polymer_ 

Dpamic fhmomechanomefry 

The efkc: of tempera- on dynamic mechanical properties is the basis of 
d+vnic thermomechammet~_ For this purpose, we can use several osciliation modes 
and corresponding commercial instruments; tensile, Toyo-Baldwin Rheovibron, 
flex&, Du Pant Dynamic Mechanical Analyzer, and torsional, torsional pendulum 
From tensile and fiexuial m easurements, we can determine the complex tensile 
moduksEf= E’- iE*, where E’ is the tensile storage modalus, E’ the bs modu;lus, 
and E-/E’ = tan 5, the losr tangent From torsional measurements, we obtain 
corresponding shear moduii-. CP, G’, C, and tan d = G*jG_ We f-ave measured the 
temperature dependences of torsional properties9 and tensile propertie~“~ of poIy- 
pyromellitimide films. For these measurements we need specimens of a definite initial 
shape and size to c&Mate the absolute values of the viscoelastic properties. 

If. it is di5cult to get a definitely shaped specimen, we can use a subnrate to 
hold the sample during dynamic measurements. ‘I’>+aJ of dynamic thermomechano- 

” metry with substrate, Lewis and GilSham have proposed torsional braid analysis 

(TBA). Tl3A is widely used to determine the relative dependence of mechanical 
characteristics on temperature- Lewis and G3lham su,~ested the use of gkss fiber 
braid to support p&mer sampIe at torsional vibrations. Kambe and Oikaw$* used 
a straight bundle of carbon fibers as a substrate for aromatic polymers. Similar 
composite materials could be applied to measure the tensile vibrations of these 
materials’ 9 

Many other dynamic thermomechanometry m easuremekts have been reported 
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by using other vibration modes with a substrate- Naganuma et aLt3 used a helical 
copper spring coated with a polymer fihn- They measured the tensile oscillations of 
t&esprin_etodeterminethe reIative dynamicpropcrtiesofthe polymercoating. 

Thermomechanometry is a new term proposed to define a new branch of 
thermal analysis which has a wide range of appkations with a variety of techniques 

in me&anical measure me&s- Now thermomechanicaf anaiysis and dynamic thermo- 

rnechanometry have been defined by IOTA as techniques in this branch of thermal 
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