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This paper presents an investigation of errors that are likely to ¢reep in the evaluation of
principal stresses when misaligned rosettes are used. It has been found that if the gauges forming
the rosette are having orientation errors of the order of +2°, the error in the evaluation of
principal stresses by using normal rosette equations will be about 1 to 3 percent.

GENERAL ROSETTE EQUATIONS

In any plane stress problem where a biaxial stress field exists with the directions of

principal stresses unknown, three strain measurements are necessary to evaluate the
 principal stresses. It car casily be shown! that strain measured in any direction ¢
referred to a chosen z-axis is '

-,_\.e,,—}—ey” € — €y » Yoy . ‘ ) '
¢¢._;( 2 )+( 1 )cos2¢+2 sin 2¢ o (1)
where ¢ 5= strain measured in any direction ¢ (See Fig. 1) "
€: , ¢ = normal strains in the z, y directions respec’tively,y and T
, 7,,1,——; shearing strain in the xy plare. ‘ o
The presence of three unknowns viz. e, , €, and ¥, necessitates three strain mea- l"\

surements. Normally these measurements are taker. using Strain Gauge Rosettes. N

Strain gauge rosettes are available commercially in discrete patterns like the Rec-
.targular rosette, Delta rosette and the Tee-Delta rosette '(s‘ee‘ Fig. 2-4). -

Wher. the refererce axis viz. z-axis is chosen along gauge 1, these patterns car then
be defired by the orientatiors of the gauges with respect to the z-axis. These defiritions
are giver ir. Table 1. ' ' / -

Ary ore of-the rosettes may be used i the m asurement of strain. We will then
" have strain values ir three directions e PRI & e, which, wher successively
1

. . . 3 3
substituted ir- (1) ard solved, will give ., ¢, and ¥, , Then the prircipal strains
are, obtaired from the relations!. L

'€y 4 L - | ’
€maxr = _?_e_y_ + %'\/(Gz ‘f“ey )2+‘Yzyzv (2)
+ | , -
- Ymaz = ‘\/ (ea — éy P+ Vo ‘ : (4
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ﬁ - The pyincipal stresses are then -obtained. ,ﬁsingv the relations?,

onen = g (emas t pmin) - e
f Umi\n = T 2 (6) -
Tmaz = m Ymax - L (7)
where E = Young s modulus of the material, o .

= Poisson’s ra.tlo of the matenal

The du'ect_lon of prmclpal stresses.ls giveri by
| o ¢ =—1— tan_1 _Yw | : (8)
o 2 & — € , : d
Thelprmclpal stress equatlons for Tectangular and delta rosette are given in the
Table 2

MODIFIED EQU’ATI(’)Nq WHEN THERE ARE .ERROR‘S IN"HT,ENE
ALIGNMENT OF THE ROSFTTES

lf)dfi assume that there a.m errors in the alignment of the gauges formlng the rosettes
and modify the rosette equations listed in the Table 2 lrcor}zoratmg these errors.-

CasE 1—Rectargular Rosette

in the alignment of gauge 1 can be taken as zero. Let a, and oy be the errors.in the _
- alignments of gauges 2 rnd 3 respectwely (see Fig. 5). Introducing these angles in the
- -gereral equation (1) successwely we get 7 , -

P

e¢1=el_‘z‘;‘v R ; < cgsg¢1+’f;q..sin 2, )

. N o

(bt m) = o =5 4 ETY cos2 (frat o in2dte)  (10)

v e<¢3+a3)~e3—- ‘;‘5‘ _+ _2  cos 2y + o) + 2 em2<¢3+a3> )

for a rectangula.r rosette ¢, = 0°, ¢2 = 45° and ¢3 = 90° " Therefore (9), (10) end
~(11) reduce to - o ‘ |

Wi o ()

: _ ;ﬁy < f5 ; ‘yt sin 24, + ‘)-’52?- €08 2a, - (13)

IR 2%——— oo

Solving (12), (13) and (14) for ex, e and Vgy , We get yid ot SR j
N ~ € = € o ) o s
- - w
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Since we normally choose the axis of gauge 1 as the refereme or the a-axis, the ‘error |
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~ _ :
| a(B—A)+3; | faB+4H—2
o= [P T H{EE | )
cos 2a, ‘
Where ‘ B = e, 8in 205 |- €5 08 2a, ‘ : .

4 = sin 2ag 4~ co8 2ay —co8 2 (a3 —ag) -
B = sin 204 } 0032a2+dos2(a2-—a3)

With expressions for ¢, , ¢, and ¥, a8 given by equations (15), (16) and (17)
we obtain tif principal strains using the relationships vide equations (2) and (3). The
principal stresses are then calculated _using expressions given by equations (5), (6) and
(7). The direction of principal s‘nress is given by equation (8) wused in con]unctlon with

equations (16), (16) and (17).

Case 2— Delta Rosette

For a Deltatosette ¢, = 0°, ¢, = 60° and @, = 120° choose again the ¢-axis
along the axis of gauge 1. (see Fig. 6). Let us assume a, and ag asthe errors
in the alignment of gauges 2 and 3 respectively (o, = 0 as before), Proceeding in the
same thantier a3 was done for rectangula.r rosette but substatmtmg ¢ =0°, &, =60°
and ¢, = 120° we get the expressions for em , € and Y,y :

€= € (18)

23 — €1A
—_B /

Yoy = 6"’[7_;%:(1+_,3)~28(1+ )+§(1+g);e3]"' (20)

o (19)

m

where .
B =€, [ 4/3¢08 205+ sin 203 ] - €[ /3 Cos 20, — sin 20, ]
A = 4/3[ cos 2ay + 608 20, — 08 2 (@, — ag ) ] + [ sin 20y — sin 20, — 8in 2 @y — ag) ]
B = 4/3 [c08 2aq =} cOS 2a, + €08 2 (ag=— ag )] -+ [ sin 205 —sin 20, 4 sin 2 (a; —ag )}
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8 = ( 008 205 — 1/3 sin 205 )
and 8 = (4/3 cos 2ay -+ sin 2a; )

. - Using .the expressions for e, , ¢ and 7, as given by equations (18), (19), and
(20) the principal strains and stresses are calculated using equations (2), (3) and (5),
(6), (7) respectively. The direction of the principal stress is”given by equation (8)
used in conjunction with equations (18), (19) and (20), -

" EXAMPLRES -
Case 1—Rectangular Rosette -

(a) Let us assume tha.t a rectangular rosette had been used. with alignment errors of
+2° in gauges 2 and 3. Let the three measured strains be
¢ = 2000 x 10-%
€ = 500 x . 10-%
| & = 1000 -x 10-% .
\ . ‘ ay = ag = + 2° ' ‘ -
To start with let us caloulate B, 4 & B. For a, = a3 = - 2° and for the
given §trsin values in this example _ ‘
B = 1032-5 x10-$
4 = 0-0874

) B = 2-0674

’ﬂwn followmg prevmus mentloned procedure we get :
Omae = ST645 psi
Omin = 38085 psi
| Toaa, = 24780 psi.
and - ' C e =
¢p = — 30° 07’ h )
These values can be compared aga.mst the values that would have been obta.med if
the normal rosette equations, as shown in Table 2 were used. Table 3 shows this

~ = -~

comparision.
Tasre 3
From modified equations From normal rosette e(iuations
Opnaz = 87645 psi ) % az == 9009Q Ppsi
Spain = 38085 psi ’ % in o 3849Q 88
*maz = 24780 psi ) Tnaz = 25800 psi .

e, = —seor 9, = 0w




“w ,

(b) We assume an error of —2 in the alignment of guages 2 and 3. As before let
~ the measured strains be ¢, = 2000 X 10— in, per in. € = 500. X 10~9 in, per in.and
€ = 1000 X 10— in. per in. , - :

" The final result in this case along with the results obtained from the normal rosette
equations, is given in Table 4. S

(€) Let us take the case where the error in the alignment of guage 2 is —9° and the
error in the orientation of gauge 3 is < 2° t.e. oy = —2° and ay = +2°7 Assuming
the same values for the strains as before we get the results as shown in Table 5.

(@) Let us now assume that the error in the alignment of guage 2 is -+-2° aid the error
in the orientation of gauge 3 is —2° i.e. ay = +2° and ay = —2°. The results are shown
in Table 6. ‘ '

(e) For the case where there is no error in the alignment of the gauge 2 but there ig
an error of --2° in gauge 3 the results are given in Table 7. .

(f) Let a, = 0°and ay = —2° Results are shown in the Table 8,
(9) Let ay = +2°and a; — 0°. Results are shown in Table 9.

(h) Let oy = —2° and o5 = 0. Results are shown in Table 10.1
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~ TABLE 4 ) =

From modified equations : ‘ From normal rosette equations

gz = 92820 pi mag = 90080 P - ‘
Bpin = 38010 pai .. Opiy . T 38400 e
1"“"7 = 26040 psi ) 'maz = 25800 pss
- 83° 19’ i o 4n¢
/ 9 = B ’p =
0 s - ,’3
- TasLs 5

From modified eqﬁ&tions From normal rosette equations

qm = 89018 psi~ i B °maz = 90090 pst -
Opin = 36405 poi . Opin = 38400 psi
. L. = " 26265 psi i = 25800 psi

«¢p = _.:«)ok° o9 ‘p L= B4

-
e N
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~ Prom ﬁodiﬂed equa.uons _

From ﬁormal i-o;;ette equations

Opay = 01318 nsi Omay = 90000 pei
Cuiin = 024 pH Oin = 36400 pi
g = 20581700 may = WO
* = —39° %W 9, = -4y
: - - . /
TaBLE 7
From modified equations " From norma} rosetbe equations
gy - = SB200 pei e, = 90090 ps

= 25470 psi

= $0° 32’

38490 psi
L = 25800 psi

—31° 43/ -

.sﬁ
i

Tanx 8 : B - %

From modified equatiotis

From normal rosétte’é"rjﬁé;tions

g

 min

= 91185 pei
_=_ 39765 psj

= 26070 pei
= —32° 56’

maz = 90090 psi
38490 psi
25800 pei

~—31° 43’

“From wmodified equations " T

¥rom normal rovette squations -

= 89400 psi

= 30150 pai

= 25198 i

—31° 80"

Oz Te= 90090 psi
88490 psi

a
|

g}
it

s 25800 psi -

N _ — ° .q : N
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From modified equations . .Fl'om. norw m Qﬁm
oy = 90804 i - ‘ e 90090 g6 -
Opin = STTIOBE O = 38400 3¢
Oy = 26565 pei Sy = 26800 g8
¢ » - s ow | . s, = —8r° e

CAsE 2-—Delia Rosette

(s) Assuming now that a Delta rosette is used with erroms’ ag=:¢3=-+2°

and assuming tbat we obtain the three strain readings as -
g = 2000 X 108 )

Ty = 500 X 10-8 » -

> cand |

e = 1000 x_l()—e'»... ;
and then following the procedure mentioned before, we get: , |
Cmas = 69828 psi SR Y

O = 20622 psi - . %
< Tmag = 20088 psi ’
- . ¢p = """7o 4:0'

| These -values can be compdred against the va.lues that woeuld: ha.ve an obtamed
with the use of normal Delta rosette equations. Table 11 shows this oompanslon

(b) Assummg the same strain readings as.in (a) but with the errors ay = ay =

—92°, we obtain the results as shown in Table 12.

(¢) Case where a, = —32°; az=-+2°. Results are shown in Table 13.
(d) Casewhere a, = 4 2°; o3 =—2°" Results am shown in Table 14.

(¢) Case where ag = 4 2° ; oy = 0°, Results are shown in Table 15,
(f) Case where ag = — 2° ;  a, = 0°. Results are shown in Table 16.
(g) Case where ay = 0° ; ay = + 2°. Results are shown in Table 17,

(k) Case where ay = 0° i ay=—2  Results are shown in PuBlo 18,
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homnodiﬂedeqnat!m ;' From normal resette equations
Opag = 09628 poi Opgz = 70850 psi
Oy - 20622 poi v ‘ Gpsin =*2951qu39§
Sy, = . 20088 poi. _ "moq . 20840 poi
¢, =T 40?3 $p - - —9° 34',\;"
Timml2
Ifrom.;mpdiﬁed equations ' From normal réset’oe eguatior;s ]
cw _ ,71025 pssfw' E e m = 70350 p.n
Oin = 290595 psi Cpin = 20670 poi
Taw = 20MBpE T S Tae = 20340 poi
o, = - SRR X = —9° 3¢
TABL!‘s *13
- S - !
From modified equations ~_From normal rosette equations
’am = 69527 pai : o Opgs = 70850 psi
Opin = 27413 pei o S Opin. = 20670 gm“
ey = 21057 poi - Cme = 20840 pei
8 = W b = P
} Tasyz )14
" From. mddiﬁef\l equations From normal rosette equations
g = 71180 990 o Oy = 70850 psi
,”m .. 31690 poi ﬁ ‘ Cpin = 20670 poi
x m .—= 19770 pao , - maz = 29349 pei
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’ ‘Fx'-oﬁa'_'z_’nodiﬁed équatio;ié o From normalnosetteequ&iom' k /
| g = '696699# ,m , masopn
Opin = 28000 psi . Omiy = 29670 pasv )
Tpaw = 20685 pei cm:‘,. .-_m-topn
o, 1. ° 90/ - o a4r
r o . Tipuz 16
1 " From modified equations - . From normagl rosette equations,
Opaz = 71070 psi O = 70350 poi
. Opin =7 30660 psi ' S in a2967011&i
Cemay = 20208985 gy . = 20MO P
, ) o o 517 a - —0° 3¢
. 1}? 10° 51 ’P' - 34‘
s 17 o
From modified equations From normal t:osqtto eqmlops o k ” Y‘r\
g = TOH10 poi }_em, = 70350 pai ' )
- , Omin = 30630 pei St = 99070 1 pa‘i,
- e = W . B ot )
— 0% 34/
% - % = 34
. o ; f
Tance 18 - Lo
" From modified equations From normal rosette equations’ /( o
) Opag = T0425 psi “maz = 70850 poi o
Opin = 51126 pei min 29670 poi
. mag = 19000 poi frap = 20340 pei

—8° 2V

—9° 34/
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CONOLUSIONS

Tt is noted that in case of Rectangular rosette, for orientation errors of - 2° in gauges
2 and 3, the errors in the evaluation of principal stresses using normal rosette equations
vary between about 1%, to 3%, for different possible combinations of errors. In case of
Delta rosette, for the same orientation errors, the errors in the evaluation of principal
stresses using the normal equations vary between 0-19, to 1-39%, This suggests that the
case of Delfa rosette bears a distinct advantage over the Rectangular rosette. Actually
this should be expected: as Delta rosette gives the maximum possible angle between gauge
axes and thus minimises the error in the computation of the principal strains. As for the
direction of the principal strains] the error is close to the orientation error itself in most
of the cases. In some of these cases this error is quite less and in any case the error in
the direction of principal strains is not greater than the orientation error.

A study of the examples discussed in this paper also suggests that in certain cases
the resultant errors in the principal stresses lie on the conservative side, and in some other
cases on the non-conservative side. Taking the case of Rectangular rosette for the example
discussed here, the maximum stress actually exists where misaligned rosette with error
of 12°in gauges 2 & 3 is less than the values that are to be obtained from normal rosette
equations. However, when the errdr is —2°, the actual maximum stress isgreater than
the one that is obtained from normal equations. It is quite clear that in the former
case the error is conservative and as such is not detrimental as far as the design is conc-
erned but this will result in the wastage of material. However, in thelatter case where the
error in not conservative it may lead to a design failure. a

By studying cases (¢) and (f) in comparison with cases (g) and (A) under Reotan-
gular rosette, it can be seen that the orientation error in gauge 3 is more dominant than
the error in gauge 2, so far as the errors in the principal stresses are concerned. These points
hold equally good for Delta rosette. This suggests that proper care should be exercised
in checking the error in gauges which are remote from the chosen reference gauge vz the
gauge that is chosen to be along the z-axis. : '

In cases where 29 error in the principal stresses can be tolerated the mormal rosette
equations can be used directly. However, where accuracy is essential the modified
equations may beé used when errors in the alignment of the rosette gauges are known.
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