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THE DESIGN OF A RELOTE READING EXTENSOMETER

The problem of an accurate strain gage for use in the
experimental determingtion of stresses 1s one of great im-
portance. Deglrable characteristics of such an instrument

are,;

l. Accuracy

2. Wide range

3. Malntenance of callbration

4. Lightness

5. Compactness

6. Simplicity

7. Pogelbllity of remote reading

Mechanical, optlcal, and electrical meang, and combinations
thereof have been employed to fulfil all or part of the a-
bove requirements.

Under the heading of mechanical 1nstrumeﬁts, come the
various levef and dlal gage Instruments, usually restricted
to rather large size, and using diverse:methods of attach-
ment to the specimen. Among the most successful of such
insgtruments is that developed by Huggenberger. It employs
a 2 cm. gage length, and gives an accuracy of lu or better
at unit elongatlons of 0.05 to 0.07, about thé elastlic limlt
of the heat fTreatable aluminum zil}_oysw At GALCIT, as well
as elsewhere, these instruments have been used with consider-
able success in sgtructural investipgations.

The best optical instrument yet developed is possibly



the Tuckerman triple mirror strain gage used by the Bureau
of Standards. It is of the self columnating type, the mir-
rors belng in the measuring head, and the reading being ddne
through a telescope of fixed focal length contalning both
the light'source.and‘the scale. The telescope may be set up
and the instrument read from any position in the plane of
symnetry of the measuring head from which all three mirrors
may be seen at once{: Proper aiignment of tThe telescopé ls
indicated by the appearance of a secondary image of the light
source in the fleld of view. The measuring head ig quite com-
pact, and the senslbillty”claiméd for the instrument 19_
1/280,000", (1). |

The disadvantage of mechanlical and optical instruments
1s that they must be seen, and ugually from a definite di-
rectlion, to be read. Furthermore, thelr sensgitivity is not
readily subject to change. An instrument adapted to measupr-
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ing elastic deformatlions ig practically worthless In the
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plastlic reglon. The electrical instrument, on the other hand,
may be read wherever 1t is convenlent to set up the output
meter. Further, by changing the sensitivity of this meter,
the senéltivity of thé'instrument as a ﬁhole ls changed, and
the same measuring head may be used 1n the elastic reglon and
in at least the first part of the plastlic region. All in all,
the eiectrical instrument may have an advantage over the
mechanical or optical systems under any conditione, and cer-
talnly it excells for remote reading.

Electrical instruments in general may be classified as

(1) See Trans. of A.S.T.i., Vol. 23, Part II, p. 602, 1923
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reglstlive, capacative, or inductive. The resistive type
depends on the deformation of the sensitive element produc-
ing a measurable change in the resistance of the element.

For this element carbon strips or resistance wire are

usually employed. For example, carbon stirips cemented to

the blade and connected through an oscilloscope have been
uged to discover vibration patterns in metal alrplane pro-
pellers, (2), and a wire wound tension dynamometer, also con-
nected to an oscilloscope; 1s used in impace research at the
California Institute. For reaéonable accuracy, however, these
elements requlire considerable force to make them operate, and
the getup becomes quite buiky. Furthermore, the carbon strips
are subject to creep which renders them undesirable for static
investigations.

In the capaclitive type of instrument, the sirain of the
specimen is made to operate a variable condenser on which 1s
impressed an alternating voltape of radio frequency. The
change 1n current due to change in capacity may be neasured
with suitable instruﬁents. In genéral, however, these in-
gtruments are hipghly sensitive to anything in their immedlate
or even remote ﬁeighborhood, and maintenance of calibration
i1s practically imposgsible.

The inductive type of instrument, also, is excited by
a source alternating curyrent, usually of audlo frequency.

The sensitive elenent is o marnet coll with an iron core,
the alr ap of which is varied by the strain of the specimen.
This change in the nir pap chanpse the inductance and in Turn

the impedance of the coil, which is measurcd by a calvanometer

(2) See Trons. A.5.0 .a., Vol. 80, p. 1bC, 1037,
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in a bridge network contalning the coils of the‘measuring

head. The ogils are, of course, subject to temperature changes
in resistance, but otherwise the instrument is self shilelding
and quite stable. As mentloned later, the temperature varia-
tlons in reslistance can be minimized by use of the proper cir-
cults. By and large, for static tests, and for dynamic tests
of low frequency, the i1nductive type of instrument seems %o bew
the best.

The author has had some experlence with a set of such in-
gtrunents developed by the katerial Pruefungs Anstalt of the
Technische Hochschule Darmstadt. These particular ingtruments
were developgd to posse

s very short gape lengths (from % to

-
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5 mm.) and go to be adapted to measuring strains in small
reentrant corners, fillets, etc. Fip. 1 1s a photogr aph of

on

D
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of the instruments, about 2y times normal elze, ‘in nlace
on the callbrating bhar. iy, 2 shows the method of attach-
mant to a nipe flange model. A schematle diapgram and explana-

tion of the clrcuilt used ig shown in Fig, 5, while Flp, 4

The inetrmunent operates as Tollovws: totlon of the armo-
ture aaugen the iz gap In the naornaetlce clreult of one coll
to increane, while Tthat of the other decressec.  Ag the tvo
colls forr two of the four components of a bridge notwork

the genslitivity of the instrument is doubled over tihat of n

ginsle coll ingtrument. Also, 1f the bridce network 1s nade
a8 nearly gymuetricel ag possible, variation in resistance

due to tamnerature should be the same for hoth sides of the
bridre, and should cauee only a second order unbalancing

The deflection of the galvanoneter ig almost direct-



raectly nropovticnal to the strain of the specimen becouse:
1, the deflection of the armatures ig small with respect to
the total iy ap, and 2, the rectlfiers belng connected in

geriec, corry o conslderable peorcentare of thelr rated cur-
vent, even vhen the cirveuls is in balonce.
ant, for the »eononse of the rectiflers 1s not lineer, and
to opproxinete o lincor regponec, one muebl opeorsts wall out
he curve whore the voricrtlon in current, due Lo the
bridiye beling vnboeloanced by thie actlon of the etraln ~noe, 1s
are of the Total current.

Thego particular instruments posr 33 gome undesriable

(¢}
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clinracteristics. Tirst, the zero of the malvanometer would

gsorietimes wander up and down ag nuch as 10, of the maximun

readine, bul at other tincs would stay perfectly steady and

4o

cauce no trouble. Thie setion gseened fo Le unreleoted to

anrthing vhich went on in or around the instrunent, up to

3 - Y. - T s ~ T T PN S . g 1 -~
the tinme the suthor left the Hochechule, renained unexplaln-

¢d, Second, the flexure hinres were o bit too gtlff, ond

the gpecinen had to be loaded and unloaded several tin

n]

before the points of the instrunecnt were selt end would ;ive
reproducible readinge fcr that load rnnﬁe, which naturally
precluded usings the instrument outside this load range, or
above the elsetic limit., The forepoings, however, do not ap-
pear to be insurnountable difficulties, or characteristics
which cennot he elinminated by pood deﬁlén.
A goniewhat loarrer instrument is beling developed at

present at GALCIT. Alternative desipgns of Tthe measuring head

are riven in Figs. 5 and 6. It will be noted that the coils
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and thelr iron cores are assembled, and with the binding
posts for the ends of the coll, are moulded 1n a transparent
plastic. This provides an excellent method of insulating the
colle and holding the parts flrmly in place with respect o
ona another. To Jdate, the core lamlnations have heen pro-
cuced from two dAifferent alloys; from sllicon sgteel, and
from o high permesbility olloy. Several colls have been
wound., and after the rmould wag redeslgned two were success-
fully moulded in the rlastic. One hihge nmechanign was nade
on the principles ghown in Fig. &, but in an attempt to make
the hinge as flexible as possible, the mechanlsm wae broken,
Another hinge mechanism 1s under obnstruction on the prin-
ciples of Fig., 6, and will be used to study the effect of
the variables, such as frequency, current, core alloy, alr
gap, ete. on the resbonse of the instrument. INuch time was
e to adept aluminum wire to the winding of.the
coils by anodlzing 1t instead of enameling it for insulation,
and after several unsuccessful attempts, 1t wag decided to
reserve this refinement for the Tuture. It 1s hoped that

by using a vacuun tube circuilt 1t will be poselble to use

a nore rugred instrument in the bridge network than the
gensitlve palvanometer used in Darmstadt.

At present, no definite predlctions as to the perform-
ance of'the instrunent can be made, save on the hasls of the
experlence of others. It ig understood by the author that
the Pratt & Whitney Company has developed an instrument to
take the place c¢f a "go - no go" gage which operates quite
.suocesgfully on the same principle. Furtherrnore, hls ex-

perience with the Darmetadt ingtrument leads him to believe
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that 1f a reasonable gare length 1s used, and care 1is
taken to see that the supposedly constant factors in
the syeten are uctually constant, the instrument should
effect & reasonable compromise of the deslrable charac-

teristicas set forth in the first parapgroph.
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bl tastmnent alrendy complated are civen in the appended

]

woricing dravincg #0-007-2 to 0-287-5 inclusive.

The coills aré form wound of 300 turns of #30 enameled
copper wire painted with alrnlane dope to preventﬁunravelling,
and forced onto the cores over sultable insulation. To the
brags inserts which have been drilled, but not tapped, are
soldered the cnds of the coll windings. The assembly 1s
then placed in the mould, the core fitting into the slots in

aving F0-207-4, items 4 and 5 provided and the extra length
of Inserts projectins inte the appropriate holes in items
S and 6. The nmould is then placed in the Jis, the powdsred
nlastic 1g Introduced in front of the plunges, and the cast-
ing ig performed atb 3157 Frand not less Than &,000 p.s.l,
The nould is cooled under pressure, The "iard! grade of
Lucite Lo used for the rou 1dins naterlal,

The vouyh castine 1o chucled in the nould with the top
and bottom renoved and the plane surfaces are faced in the
letlie,  Whe Tinal operatlione are the toappling of the brass

inserts, and the drilline of the heles in the opnosite
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Fig., 1 Darmstadt
Ingtrunent on

Calibration Bar.

About 25 Times

Actual Size

'ots's

Fig, 2 Darmstadt Instrument Set up to keasure

Tanpential Strain in the Fillet of a Pipe Flange Liodel
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