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Excitation voltages applied to strain gages cause heat effects which may
produce signal changes and neasuring errors. This paper shows the nost

i mportant results of many neasurenents which had to be taken to determ ne
the anmplitudes and tinme constants of these shifts of signals for different
strain gage types, excitation voltages, adhesives and construction
materials. In its second part the paper discusses nethods of avoiding
measuring errors due to heat effects and descri bes a scanning unit which

all ows to take neasurenents al nbst insensitive towards heat effects, voltage
drops across the neasuring | eads and switching el enents, or induced error
vol t ages.

1. | NTRODUCTI ON
If many strain gage signhals are to be neasured, scanning units usually

do this job. These scanning units normally contain only one central
measuring anplifier and signal conditioning unit which is connected to

i ndi vidual strain gages one by one using highly sophisticated sw tching
circuits. This is quite difficult because errors due to voltage drops
produced by switch- and w re-resi stances nust be avoided. This feat is
especially difficult to acconplish when applying strain gages in half- and
quarter-bridge circuits because changes in neasured resistances are
extrenely small. The paper shows how to design switching circuits, so that
vol tage drops across the neasuring | eads and sw tching el enents cannot fal-
sify the readings. Since the individual neasuring points are sw tched one by
one, the excitation voltage supplies the strain gages only during
measurenent. Therefore, the tenperatures of the strain gages do not increase
significantly. This is especially inportant if strain gages are adhered to
pl astic, wood or other naterials with low thermal conductivity. Heat effects
cannot be negl ected conpletely, however, because the signals dependent on
tenperature change very rapidly imediately after exciting the strain gages.
So if measuring tinme varies, the readings may also vary significantly. There
are several reasons why the neasuring tinme may vary. High scanning rates and
hi gh signal resolution cannot be achi eved sinultaneously. To get stable
strain gage neasurenents with high resolution, the strain gage signals have
to be integrated for an extended tine period, e.g. 100 nms. But 100 ns is
about 4 times the thermal heat-up tine constant of a mediumsized strain
gage adhered to a steel test object.

Thus, the readi ngs obtai ned when working wi th higher scanning rates (> 40
s will differ fromthe readi ngs obtained when



working with lower scanning rates and extended integration tines. So, if
scanning rates are lowered and integration tine increases, you do not only
get higher resolution but also changing measurenents as a hegative result.
Most scanning units provide an autonmatic zero balancing facility. It may
occur that neasuring values taken imediately after zero balancing wll
differ from zero, though there was no change in load. This is likely to
happen under the conditions, when zero bal ancing procedures take |onger than
the actual neasurenments and when snall strain gages are excited with high
bridge supply voltages. These deviations can becone especially large if the
measuring points are selected manually and excited for a |onger tine period.

2. SIGNAL SHI FTS OF STRAI N GAGES | NDUCED BY HEAT EFFECTS

When a strain gage is to be neasured with the help of a scanning unit,
the strain gage has to be energized in a first step. Wen the excitation
voltage is applied to a strain gage, the tenperature of the strain gage
starts to rise, until the flow of electrical excitation power is balanced by
t he absorption of the heat power flow into the specinmen and to a nmuch
smal ler part into the tap wires and the surrounding air. The anplitude and
the tine function of the heat-up period depend on several paraneters, as
excitation voltage, size and resistance of the strain gage, the adhesive and
the thickness of the glueline, the nmaterial and sonetines also on the nass
of the specinen. This paper covers only test results of strain gages adhered
to massive ferritic steel and al um ni um speci nen, where the tenperature
i ncrease of the specinens coul d be negl ected, because of their nmss.
Tenper at ure dependent changes of the specific strain gage grid resistance
occur in the applied gage owing to the linear thernmal expansion coefficients
of the grid and specinen naterials and the thernmal coefficient of the
specific electrical resistance. These resistance changes pretend nechanica
strain in the specinmen.
The tenperature coefficient aa of an applied strain gage can be cal cul ated
[1] according to equation (1):

0a =05 - ( Oog - o/K) in m m! K! [1]

Os = thermal expansion coefficient of the specinmen

Og = thermal expansion coefficient of the strain gage grid materia

(15
ppm wi t h Const ant an)

o, = thermal coefficient of the specific electrical resistance of the
strain gage grid materi al

k = gage factor

In order to keep apparent strain due to tenperature changes as small as
possi bl e, the strain gages are matched during the production to a certain

I inear thermal expansion coefficient, e.g. matched to steel, alum nium
quartz, or plastics. This is done by changing the thermal coefficient of the
specific electrical resistance. The resulting tenperature coefficient of the
appl i ed gage, which is obtained after the application of the matched strain
gage to the appropriate measurement object, is



approxi mately zero (a, = 0).
In this case, according to equation (1) the strain of the specinen

caused by tenperature change is conpensated for the apparent strain of the
applied strain gage. This |leads to equation (2):

Os = 0g - ok [2]

In cases where strain gages heat up due to the energi zing voltage while the
tenmperature of the specinens remai ns approxi mately constant because of their
good thermal conductivity the length of the speci nens remai ns unchanged
whil e due to heating the grids of the strain gages would expand if they had
not been fixed to the specinmens and that is the reason why the strain gages
show negative apparent strain. This apparent strain can be cal cul at ed
according to equation (3):

€ = (ag -a;/k ) * AT [ 3]

AT = di fference between the tenperature of the strain gage grid and
the tenperature of the specinen

In cases when strain gages and specinmens are thermally matched, equations
(2) and (3) lead to equation (4):

€ = 04 * AT [4]

Vice versa, the difference AT between the tenperature of the strain gage
grid and the tenperature of the specinmen nmaterial is easily obtained when
the apparent strain of the applied strain gage can be neasured and the

val ues of a4, a, and k are known. Rearranging equation (3) |eads to:

AT = &g/ (ag - o/k) [ 5]

In cases when the strain gages are thernmally natched to the thernal
expansi on coefficient of the specinmen the difference AT of the tenperatures
is even easier to obtain by rearranging equation (4):

AT = g, /ag [ 6]

Equations (3) and (4) show an interesting piece of information. If the
applied strain gages are natched to materials with a; = 0, heat effects
woul d not result in any apparent strain, even, if the thermal expansion
coefficient of the specinmen is quite different fromzero. Fig. 1 shows
the apparent strain g as a function of time after switching on the
energi zing voltage. The strain gage is a foil type 3/120 LY11l (see also
table 1; No.4...6) matched to, and adhered on, a block of ferritic steel

The neasured curves fit pretty well into the expected exponenti al
behavi our.
€6 = €0 * (| - exp ( -t/1) [7]

€,0 = apparent strain after heat-up has stabilized



T = Tinme constant of the measured curve i mediately
after switching on the excitation voltage

The theoretical approxinmation of the neasured curves can be inproved a
bit, if two exponential functions with different tinme constants and

di fferent anplitudes are superinposed. The paraneters are shown in
equation (8):

€ = €0 * (0.8* (l-exp-(6/7*t/1))+ 0.2*(1l-exp-(3*t/1))) (8)
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FI GURE 1. Apparent strain aa of an applied strain gage type
3/ 120 LY11 when bridge supply voltage is swtched on

Table 1 gives a selection of results with several neasuring paraneters
varied. Qobviously, the anplitude of the apparent strain is proportional to
the square of the bridge supply voltage. The smaller the active grid area,

t he bigger the apparent strain induced by heat effects, but also the shorter
the tine constants. The time constant of a heat-up period depends al so on
the type of adhesive, the thickness of the glue-line and the material of the
speci men. The hot curing adhesive EP250 provides better thermal conductivity
than the cold curing adhesives Z70 and X60. That's why the tine constants of
the tests of No.7 to No.12 are especially short and the apparent strains are
pretty low Wth Z70, a one conmponent adhesive, thinner gluelines can be
achieved than with X60. That is the reason why the tests with Z70 show
shorter time contants and | ower apparent strain anplitudes than the tests
with X60, a two conponent adhesive. But it has to be mentioned that the
results depend al so strongly on how carefully the application was nmade. The
given values in table 1 are average test results



of several carefully applied strain gages. The thernmal conductivity of the
speci men has al so sone influence on the heat effects. This becones obvious
if test No. 7 is conpared with test No.10. The tenperature difference AT
raises to 1.4 K, if strain gages are adhered with EP250 on steel specinens
conpared to only 1.1 K if adhered under the sane conditions on al um ni um
speci mens. A possible explanation could be that the

TABLE 1. HEAT UP EFFECT DEPENDENCES ON VARIQUS EXPERIMENTAL CONDITIONS
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area of the steel specinmen directly below the strain gage grid may have
heated up for about 0.4 K, wheras the area of the al um nium speci nen nmay
have heated up for only 0.1 K due to the thernmal conductivity of alum nium
four tinmes superior to that of steel

Al'l test results show surprisingly short tine constants. It can be stated,
that 100 ns after powering the strain gages, the remaining error is |ower
than 1 ymM min al nost every case. When supplying the bridge with 0.5 V, the
apparent strains generated by heat effects are near or far below 1 pumim.

3. HEAT EFFECTS AND COUNTERMEASURES
Though the heat effects settle in about 100 ns, they cannot be ignored

when neasuring rates rise to tens or even hundreds of neasurenents per
second. A neasurenent taken at high speed i nmediately after switching on the
excitation voltage, nay differ fromcontinuously taken neasurenents up to



apparent strains of Eao in table 1. That is why fast measurenents taken

i mediately after zero bal ancing may di ffer considerably fromzero if zero
bal anci ng of the measuring points is done manually or in a |onger automatic
bal anci ng procedure. If a group of strain gages join the sane conpensation
strain gage, the neasurenents of the different nmeasuring points may differ
from one anot her though they have been zero bal anced in a correct short
measuring circle just a short time before and no nechani cal stress has been
applied in the nean tine. The source for these deviations can be traced to
heat -up effects of the conpensation strain gage. Wen the first strain gage
of the group is being switched to the excitation voltage, the dunmy gage or
conpensation gage will also be switched to the excitation voltage for the
first time and therefore will show about the same heat-up effects as the
nmeasured strain gage, whereas the heat-up effects of the conpensation strain
gage settle during the followi ng neasurenents. That is why the heat-up
effects of the strain gage switched on first in a group may show nearly no
apparent strains, whereas the others show i ncreasi ng apparent strain
anpl i t udes.

Now, what can be done to avoid neasuring errors due to these heat effects?

Different nmethods may be adopted. Application of one of the followi ng hints

may be sufficient. Here are sone suggestions:

¢ Use strain gages with thermal coefficients a, = 0 and try to achieve
tenmperature conpensation with the help of an unstressed conpensati on gage
close to the common group of strain gages

Use a separate conpensati on gage for each neasured strain gage
Choose bridge supply voltages of =< 0.5 V

Del ay each nmeasurenment for about =>50 ns until heating has settled

Perform zero bal anci ng and nmeasurenents in equal tinme periods

If a neasuring point is to be displayed continuously the energizing
vol tage shoul d be pul sed

¢ Supply the strain gages with carrier frequency to suppress

therno coupl ed vol tages generated by heat effects

* & & o o

Fig. 2 shows a scanning unit of the type UPM60O which provides all of the
above nmentioned features. The strain gages can be powered with 225 Hz
carrier frequency bridge supply voltages of 5 Vor 0.5 V. Measurenents can
be taken up to speeds of 100 neasuring points per second and the zero

bal ancing tinme is always equal to the measuring tinme. Wen selecting the
measuring points manual ly, the UPM60O powers the strain gages only for about
40 ns every 500 ns interval tinme to reduce heating.

4. UNI VERSALLY APPLI CABLE MULTI PO NT MEASURI NG UNI T
Apart fromthe heat-up effects, nmany other error sources exist if

nmeasuring strain gages, especially if they have to be neasured in quarter
bridge circuits. The biggest error sources may be voltage drops across the
nmeasuring | eads and switching el enents, because strain gage signals are very
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FI GURE 2. Scanning unit equipped with dc and carrier frequency
provi de highest precision with various transducer types
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FI GURE 3.

New bridge circuit reduces zero and sensitivity
errors significiantly with internal feedback cir-
cuits which correct for voltage drops across the
| eads and switches

anplifiers to



| ow and voltage drops may exceed equival ent strain gage neasuring signals of
100, 000 pum m The UPM 60 uses a patented, highly sophisticated internedi ate
circuitry [2]. Errors due to voltage drops are avoi ded al nost conpletely.
Fig. 3 shows a sinplified schematic diagramof the bridge circuit of the UPM
60.

Feed back techni ques have been adopted which allow to choose reliable

sem conductor swi tches (FET), though they have got higher "switch on"

resi stances, conpared with nmechanical contacts. This circuit provides the
possi bility of connecting strain gages in quarter bridge circuits which can
be | ocated up to 500 ... 1000 mapart fromthe UPMO.

But of course, the UPM 60 is not limted to nmeasurenents with strain gages
in quarter bridge circuits only. It is equipped with suitable selector
nodul es for connecting strain gages in quarter, half and full bridge,

i nductive transducers as displ acenent transducers, thernocouples, Pt100

resi stance thernoneters, resistance transducers and any vol tage and current
sources. In order to neet these denmands the UPM 60 is equi pped with three
different types of anplifiers:

a dc-anplifier mainly for the purpose of neasuring thernocouples and voltage
or current sources or for high speed strain gage nmeasurenents,

a 225 Hz carrier frequency anplifier for high precision neasurenents with
strain gages and resistance transducers, a 5 kHz carrier frequency anplifier
to provide the possibility to neasure inductive transducers.

The UPM 60 can connect and neasure up to 60 neasuring points with nxed
transducer types to neet the nodern test requirenents of measuring stresses,
forces, displacenents and tenperatures simnultaneously.

The UPMBO provides nany data processing functions and i s equi pped, as
standard, with RS 232-C and | EEE 488 interfaces to allow renpbte control and
addi tional online data processing with the help of an external conputer.
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