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ABBTRACT

The paper studies the error magnitudes, due to integration ef-
fect, for a strain gage installed tangent to the hole of a thin
disc in uniformly rotation as steam discs, electric ventilator,
electric motor, etbec.

Ihe authors proposed a new calculus method based on the integ-
ration on the all filaments length which allows a comparative
study between the different strain gages types.

INTRODUCTION

In practical experimental stress analysis, a common objective is
to determine the maximum stresses existing in the structures or
nachine elements.In many cases the stresses will be maximum at
points of stress concentration.But in these area the peak strain
is highly localized.

It is own that every strain gage has a finite grid area, and
sroduces an outoulbt corresponding approximstely to the averase
P kS i © e n

atrain under the grid.The error is one of under-measuring the
peak strain and can sasily be in the range of 20-3%0 percent for
wonly encountered strain wmeasurement tasks (Perry, 1982) .
s the integration effect (or tendency) of the strain gage.,
In order to calculate the errors introduced by the integrating
tendency, two methods have been suggested (Zoete, Van Crombrugge,
1950) and (Bolten, Ten Cate, 1952).Althcough both methods have
been used in the case of determining the resiual stresses by the
hole drilling method, they can not be limited to this case.
The W.Socete and R.Van Crombrugge method presumes that the strain
of a1l the filaments is identical.This 1s true for a uniaxial
state of stress and that is why it does not give good results in
the case of a biaxial state of stresses.The suggested formula
can pe written as follows:
Ra
. = ot € ra1 (1)
L RE”Rl L
R
4
longitudinal strain, parallel to grid lines of strain

output of the strain gage;
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RP leh, is active grid length.

Lhe #.G.Bolten and W.Ten Cate method presumes that the whcole
surface of the grid is sensitive, not only the surface occupied
by the filaments.The suggested formula can be written:

c 1
E-»=~~(:.°":J\ £.-ds
in il S L

where

5 1s the active grid surface.

This method gives quite good results for a biaxial stresses.
However, 1t presents following disadvantages:

- 1t does not take into account the real geometry of the grid,
which is supposed to be sensitive in any point of the surface;

- the integration of the strain function on the surface ig dif-~
ficult;

~it does not allow a clear chmyarLson between the strain zages
with different peoretries of the grid.Une can compare strain
gages with ame electric Letibtdnce, bnt the surface of the grid
does not give any clear indication in this respect.

That is why the authors of the present paper have s ested
several methods of calcuius 1in order (o remove these sadvanta-
ges (Gafitanu, Bar%aﬂescu,foterasu, ‘“o8) It has been de.onutrated
that the u16‘11&11 given by strain gage 1s the average of the s
nqls MLVGH by the (n) filaments:

ZE (2)

After chaU, the method of integration on the length of all the
filaments is presented, method which will applied in the studied
case.

The method consist 1n calculating, using the ¥.3cebe and R.Van
Crombrugge method, the output given by each of the filaments, and
then the output given the strain gage, according to the formula
(2). In the case of a strain gage whose grid is tangent to the
hole in a thin plate which 1s subjected to uniformly distributed
uniaxial stress,it has been shown that this method gives wore
precise TGSULtS than that suggested by R.G.Beiten and W.Ten Cate
(uafltanu,uarsaneucu,;oterasu, 1988).

THIN DISC IW UNIPURMLY ROTATION

Assume that we wish toc measure the maximum strain at the edge of
a hole in a thin disc in uniformly rctation.

It is known that a surface element di taken from a robating disc
1s subjected to stress in two directicns by the stresses U} s q%
and centrifugal force dFC (see Fig. 1).

Fig., 1. A surface element taken from a disc.
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For a disc with a radius R., having a hole with radius k., made in
: ial with specific weit Y’aad the Poisson coefficIent v ,
a

s T and (Tt can beg,rluueg as IEWlows.
0. = (G v) TRECU -( “; +1- Eww - f;w
r 8¢ RS r° RS
2 2 -
N . (3)
T = (3 \7){12% w [ B 1 Ry 1437 r°

where W 1is the angular speed of the disc.
'he highest value of U% lies on the inside of the hole (r:Rl),
and it is:

0% nax = fou [ \7)59 + (1~ \P)R ] )

In Fig.2, the variation of these stresses is shown.
It is known that the dengerous sbtate of stresse lies on the
inside of the hole ( U%= 0§ nax ~u) 'his is demonstrated by

the fact that the rotating discs brea& due to a crack otartlng

from the inside of the hole and spreading radially (the crack is
therefore the finding of G; max-See BFig.2).It is therefore bthe

finding of G% — that counts in practical experimental stress
analysis. e

Grmax

Pig.2. The variation of stresses for a half disc.

Because the strain gage respons to strain rather than stress, we
will need to know the strain distribution in the area near the
hole in order to assess the measurement error.

If {u) is the radial displacement we can write:

. du
Er“ ar
[
e .n (%)
tT
with . ~ =
u= AT + B ~(1*~Qd)0r9

I
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and

du B
o= A~ e
dr r2

where
A = (1—\)')»(5+\2)-(R§ + Rg)c

- (1-v2)-50r°

B = (1+V )’(5-}~Q)‘R§-R§-G
xv 2

o = LW
Bgk

However, the primary sensing direction of the strain gage is
parallel to the grid lines, and this direction is, in general,
neither radial nor tangential (Perry, 1982).The strain expres-
sions is needed to describe the strain parallel to the zrid lines.
For this purpose, we apply the transformation relationships for
the strain distribution at a point:
€. .+E £, ¢

Lz % L.cos28 + Y}t 51in2e
2 2 2

When passing in the Carbesian co-ordinates, for the filament (i)
situated at the distance X5 from the centre of the disc, we get
(see Pig.3): 5 5

Ly

" A XSy
€140 = 05+ ¥ ) [ (1= 0+ (83+RD)+(1+ ¥ YRERG b -

(x{+7°)
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(6)

where .
X5 = Rl +dv+ (i-1)p
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Fig.3. A strain gage installed near the hole of the disc.

The output given by the filament (i) is
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L

= 1
s = 3 'jo € a(yay

from where there results:

z - ) 02 02 2.2 L 1-y°
ELi=o()+ \2)[(1~ \?)(Rl+R2)+(l+\) JRIRS x§+L2 - oy (x +1 )] (7)

By using the relation (4) and the Hooke’'s law one can write:

RE(1-v ) ~2]
€6 max" 20()+‘Q)[ 3F Y + Ry (&)
The output of the strain gage will be calculated with (2).
The expression of the standard error is:
€, - €
o= w b DAX 555 ¢ (9)

Et mnax

One can notice that the error does not depend on C.In other words
it does not depend on {,w,g, and E, anylong ser, but in a small
extent on the material of the disc (through Vv ).

From (2),(7),(8),(39) we get the relation (lO)

2RZ(1- )
1 o2
Lo cl,\
(1-VXR+RS)+(1+ V)RERS. - lZl( x5 +L2/ 34y <
e= A00%
RT(1-V)
[ 1 — Rg]
LR -

(10

By neglecting the terms with a smaller influence one can get the
a simplified formula, valid for R,>> R,

0 n
e:;50(l+\7)[ a 1Z=—l(x+I )- ]% (11)

This formula is much simpler than (10), butbt still gives a good
approximation.

Example

As an example, we took of a steel disc (V¥ = 0.29) with Rl=15mm
and R =150mm.For any grid the error is minimal if the edge of

the grld is tangent to the hole ( J = 0). Taking this case, the
error has been calculpted for a 10H type strain gage, made in
Romania, with the followwg characteristics:
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~the gage length L=10 mn;

~the gage width 1=%.5 mm;

~the number of lines of the grid n=8;

~the pith of the network p=C.5 mm.

For thise case, an error e = -25.314% with (10) and e = -25,75%
with (11) wazs Tound.

Of course, the error would have been smaller for a strain gage
with the grid having more reduced dimentions.,

CONCLUBIONS

The formulae (1C¢), (11) can be used to calculabe the error
magnitudes, due to integration effect, for a strain gage instal-
led near the hole of a thin disc in uniformly rotation,

In practice, such measurements can be performed for the seet
plates in the robtor of an electro~motor or of an electric
generator, fan, compressor or turbine disc.

In the latter case one will have take into cousideration the ef-
fect of temperature.
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