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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 898

ADAPTOR FOR MEASURING PRINGIPAL STRAINS
WITH TUCKERMAN STRAIN GAGE

By A. E. McPherson
SUMMARY

An adaptor is described which uses three Tuckerman
optical strain gages to measure the displacement of the
three vertices of an equilateral triangle along lines 120
apart. These displacements are substituted in well-known
equations in order to compute the magnitude and direction
of the principal strains. Tests of the adaptor indicate
that principal strains over a gage length of 1.42 inch may
be measured with a systematic error not exceeding 4 percent
and a mean observational error of the order of +0.000006.
The maximum observed error in strain was of the order of
0.00008. The directions of principal strains for uni-
directional stress were measured with the adaptor with an
average error of the order of 1°,

INTRODUCTION

The stress distribution 'in the plate elements of mono~
coque structures under load differs from that in the bean
and tube elements of built-up structures of earlier types
in being two-dimensional in many cases, with principal
stresses of unknown direction as well as unknown magnitude.

The principal stresses o &
&g the principat strains €y s ey and, within the elastie

range, they may be computed by the well-known equations .
(reference 1)

\'l S5 l-p.2 (Gu <+ p,ev)

(1)

5 (ey + pey)

o have the same directions
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where
E Young'!s modulus
b Polssont!s ratio

The magnitude and direction of the principal strains
eys €y at a given point may be calculated from strains
measured along at least three lines intersecting at the
point by making use of the fundamental equations of plane
staain, . Hor the particularecase of three gage lines inters
secting at an angle of 120° shown in figure 1, the equations
(reference 2) are

1
'{(ea+ ep+ eg) + [B(ea~ eb)2+ 2oy~ ec)2+ 2(eq = ea)z}i}

o
=
!

il

o
il
I

- é-{(ea+ ey * ec) - [2(ea— eb)2+ 2(eb— ec)2+-2(ec— ea)z]%}
1 «/E (eb‘ ec)

1

® = tan (2)
R B an = Cn
where
Bas ©hr ©e strains measured along the 1lines a, b, c
® angle bétween the prdancipal. strain ey and

the gage line a.

The stralns e,, &y, &g .Mmay be measured in three different

ways s

ls By a hand strain gage set successibeldly into
three pairs of gage holes along gage lines
assnibEsic

2. - By mounting a strain gage along line a, measuring
the difference in strain between the initial load
and the desired load, moving the gage to line D,
repeating the loading cycle, moving the gage to
line ¢, and repeating the loading cycle again,

3. By devices designed to mecasure strains along three
or more intersecting lines simultaneously
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Method 1 requires the 'drilling of gage holes in the
structure and is, therefore, ruled out for thin sheet
material such as used in aircraft. It also involves loss
in accuracy due to frequent resetting of the gage. Method
2 has the inconvenlience of requiring at least three repe=
titions of the loading cycle. Method 3 has been adapted
by at least two investigators, as follows:

Xlemperer, (reference 3), developed a M"tensor gage,!
which is, in principle, a device for measuring strain along
three gage lines, intersecting at 120°, by the displacement
of three gage points which form the vertices of an equilat-
eral triangle having a base length of about 1 inch. The
three gage points are constrained to move in the direction
of three radii forming a 120° . star.

Ruge and de Forest (reference 4) have connected four
wire strain gages into a strain rosette with four gage lines
of 3/4-inch gage length making angles of 45° with each other,

Neither one of the. above devices makes use of existing
strain-gage equipment. It seemed desirable, therefore, %o
develop a relatively rugged adaptor which would permit the
use of existing strain gages of proven accuracy, on a 1l20°
rosette such as that adopted by Klemperer. The Bureau of
Aeronautics, Navy Department, accordingly authorized this
Bureau to conduct an investigation along these lines. This
report describes the adaptor for measuring principal strains
with Tuckerman optical strain gages (reference 5) which
resulted from this investigation.

DESCRIPTION OF ADAPTOR

Principle

The adaptor provides a means of measuring displacements
g S ot three potints A By G flzure 25 along thnee
lines 'Tpy Tps Too 120° apart relative to a given cenfer 07,
The javerage strain e, in the direstion r, 18 then we~-
lated to the displacements a, B, ¥, by

4 2
a + <B+'Y)/ ad G,+—B—-':Y— (3)
3rfa Sz 4

@
I

g A
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e gdreing: epy e ‘follow by cyclie rotation of a, By Vi

v ary B un B
5 T Pt d e Se M@l TT W)

The gage length of the adaptor is taken as the distance 3r /2
between a point and the line connecting the other two points.
For the particular adaptor described herein 3r/2 = 1l.42 inches.

DETAILS OF CONSTRUGTION

The assembled adaptor with three l-~inch Tuckerman
strain gages for measuring displacements is shown on a
tensile specimen in figure 3. A bottom view of the adaptor
is shown in figure 4. Dimensions of parts are given in fig-
ures o bo 8.

The adaptor eonsishs of a triangular platfoerm, part 1,
on which the knife edges of the three Tuckerman strain gages
are mounted at 120° intervals, and three parallel motion
transfers, part 7, making contact with the specimen on their
bottom faces through gage points, part 9, and carrying the
lozenges of the Tuckerman gages on their top face. The par=~
allel " motion Transfers constrain the points A, B, and 0

(fig. 2) %o move alongs the lines ¥ g BBA Vo

a? Cc

ASSEMBLY

A satisfactory procedure for assembling the instrument
is as followes Screw guard rods, part 8 (fig: 5), into base,
part 1. Screw rods, part 13, into base and thread on parts
2, S5 By by and 12 .as showns . Put on serew capy papt 64
loosely., Through the holes in the ends of the flexure plates
(parts 5) assemble parts 4, 7, and 10 on the rod 14 as shown,
tightning up first the inner end 4 at part 4. ©Put on screw
gapy ‘part 6, lossely. By rodtating part 10 on 2od ¥4 and the
whole of the central unit on rod 13 fit part 10 over guard
rod 8 as shown with shoe on part 7 on the same side as con=
iesl hole in part l. Place Hhis assembly on & bloeclk with
the shoe of part 7 and the conical hole of part 1 up. ZEvenly
tighten the screw caps on 13 and 14, keeping all of the parts
except 8 flat on the blocks, As the tightening progresses,
apply sufficient force to hold these parts flat. Attach the
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points, part 9, by screwing them into the number 4-48 holes
BaWparts 7 Slip center tube, part 11, through center hole
in gage clamp, part 15, shown in figure 7, and press ianto %
gen ter hole dmy pard 1o Pregsy dm tube until it disl £flush

with inner ‘edge .0f «conical holsis «Puk hodid=down ‘secTews,

part 16, in place and mount l=inch Tuckerman optical strain
gages as shown in the photograph, figure 3. The knife edges
used are the uniform strain type (min, rad = 2.25 in,).

Very little force is required to hold the gages down since
bheforce is appdied near the knife edge and since!lhe

knife edges act on a duralumin surface.

CALIBRATION

The adaptor was calibrated as follows.

A strip of 178-T aluminum alloy sheet with a free
length of 19 inches and a cross-section of 2-1/2 by 1/8
inch was mounted in a tension-testing machine of 20,000
pounds capacity. The axial and transverse straing in the
free length under loads from 900 to 7500 pounds were meas-
ured with Tuckerman strain gages, The variation of strain
across and along the area used for the calibration was found
to be of the order of the observational errors.

The adaptor was mounted on the strip as shown in the
photograph, figure 3, and the sketch, figure 9. The weight
of the adaptor was carried by the rubber bands A through the
string B which was attached to the upper head of the machine.
The adaptor was held against the strip with a vacuum cup and
rubber bands passing through the center tube. Holding the
adaptor against the specimen in this manner permits the cen-
ter of the platform 0,. figure 2, to move freely in its
plane, parallel to the plane determined by the points. The
hold-down force was kept between 2 and 3 pounds in order to
securely mount the adaptor without excessive edgewise load
on the flexure platess, During the moynting as well as during
the calibrations the load was never allowed to drop below
900 pounds; this prevented slipping of the specimen in the
grips and assured that the strain corresponding to a given
load remained the same throughout the tests.

In the first run one leg (leg a) was placed vertical s
by meking the line connecting gage points for the other
legs perpendicular to the -edge of the specimen; a card-
board template was used to obtain accurate alinement. The y
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gages were tied to the adaptor with a’ llght cord- (flg. 3)
as a safety precaution,

The three l—inch Tuckerman gages on the adaptor and
one 2—-inch Tuckerman gage placed vertically just below the
adaptor were then read simultaneously at loads increasing
in small increments from 1000 to 7500 pounds. This range

of Jdloads . 001responded to a range of longitudinal strain of
abioud g1 X 10—

The readings for the Tuckerman gages on the adaptor
were multiplied by 2 to obtain the displacements, a, B, VY,
and these were substituted in equation (3) in order to com—
pute the strains in the direction a:

8y B R, <m+ﬁzy>' ! (5)

where kg may be regarded as a calibration constant. An
experimental value of kg was obtained by plotting
(B+Y)/4 against e, and drawing a straight line

through the points, The slope of this line is then equal
(el ey il typlcal plot is shown in figure 10, The pro—

cedure was repeated with the second leg (leg b) of the
adaptor in the vertical position, and finally with the.third

leg (leg c) vertical, This gave the calibration constants:
ka = 0.706
ky = 0,718
kg = 0.710

average k = 0,710
The value of k obtained from the nominal dimensions
given in figures 5 to 7 was
k= 0.%02
The difference of about 1 percent between this value of k

and- the experimental value is of the order expected from
the machining tolerances.,
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ACCURACY

An estimate of the accuracy with which the adaptor
indicates principal strains was obtained by comparing
principal strains obtained with the adaptor with pritagipal
strains obtained from direct measurements with Tuckmerman
strain gages.

Direct measurements of principal strains were obtained
with Tuckerman strain gages mounted longitudinally and
transversely on the strip shown in fdigare 15 The strains
are plotted against load in figure 11l. Straight lines
were faired through the points in figure 11 by means of
least squares.

The adaptor was then mounted on the sitraspdine thie
five positions indicated in figure 12. Prinecipal strains
were computed from the readings for each position by come-
puting ey, ey, ec, from equations (3) and (4) with

5 vpceilvan
ar

which is the average experimental calibration factor and
then substituting in the first two equations (2).

Figure 11 shows the difference between the principal
strains measured with the adaptor and those corresponding
to the straight lines in figure 11. Straight lines are
faired through the points by least squares to indicate the
magnitude of the systematic error in reading principal
strains with the adaptor as compared to the random obser-
vational error which is indicated by.the scatter of points
about the straight lines.

The slope of the solid lines faired through the points
in figure 12 indicates that the systematic error in the
determination of principal strain with the adaptor averages
1.5 and that it does not exceed 4.0 Percent, The mean
scatter of points to either side of the line due to obser-
vational error was of the order of +0.000006., The maxi-
mum deviation between the principal strains measured by "the
two methods was of the order of.0.00008,

An estimate for the accuracy with which the direction
of the principal strains may be measured for the case of
unidirectional stress was obtained by substituting the
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values of " e5, ep, €py derived .from figure- 12 in the last

one of equations (2). The resulting angle between the load
line and the maximum principal strains is given in figure
15.0 The average deviation was 1° and the maximum deviation
4.5, '

CONCLUSIONS

The tests indicate that principal strains over a gage
length of 1.42 inches may be measured with the adaptor with
a systematic error not exceeding 4 percent and a mean ob-
servational error of the order of +0,000006. The maximum
observed error in strain was of the order of 0,00008. The
directions of principal strains for unidirectional stress
were measured with the adaptor with an average error of the
oeder: of 1%,

National Bureau of Standards,
Washington, D. C., February 20, 1943,
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Figure 4.- Bottom view
of adaptor.

Figure 3.- View of assembled

adaptor showing
strain gages for measuring
displacement.







Fig, 5

NACA Technica| Note No. 898

SIS 0012114 15] 4Ty
bo7 sup go lQUIBSSE
= 2./1b/5

(&

@

&

)
®

73?43;,
i %
_“_"“_L_l_\_\\
== ~ . \\
R T e S R |
I 7 ] T |
n T | - ! it
it , j i __
S o o R /l/Hll\d\«lll LERIE \
= \
©® @ 0, ® :
4
® ®
IR SR e ey v s b i A
s e
i ___._“__hv
o ._.LI-I\L ||||||||||||| L0551 anl Ll







#; 5 . -
@ | J ” Pl ,J £ Norte
a/97' — 0.5 - 0. /5> = O, 10r< 1 ot R
1 “ zo.j" !‘ 0/30.003 [.' 20,0/ Hgo.o( _ﬂ T ]e
=< 0.80" : o R s o (S NN S S ST o e R
e Wi s SRR el
_______ e e A Ry ﬁ ) ~
3 " iy
z : =l pL7) —
| il T =0 250+—0. 250 (rmew 3417 vy /] )
| a 0,00/, +0.00/ ¥
[ S - . Note central hole
U el g [ “““““ mowrs 234 712
g,. — 1o be cernterad #oooz
h). __________
N
» |
b i
s
LN (=]
Qﬂ
N
ot s i
q1 30" .2 Qe
0- } 6 holes //70700’(' A

B press Fit ong"
fube of part 1
[

f “ i) and Fap %55

center line £o.002" P
Yor fholes A L
;  cerfer line £0.0z2 i
M f for cone

= = Figure 6, -
x ¥ [etai/s
Adaplor for /9*/}7@'00/ I Foesris

%

868 'ON 240N [P21LYD3) YIyN

9big






Fig.7

NACA Technical Note No.898

SY2YC 9 AoLtLy 19/ osolopy
YT — L 816y

i
&

ﬂt

N}
w

;

SM2428 LUMOD Y04/

0noinoonon:

L 9LO—~

Tlﬁw@ =

f

i1
800

“

I
|

Cteli

2
M

/o 2b08

N

) LA
QS
3 - woyaes
.ﬁ[ﬂ e
* v 7 i




|
A );LL...[n.i'




— == "a-28 trreods

T
.l 5 NP
Ry XN
.

| "
| i O.134 , 3.9 172077

A *gﬁ-ko.zo»{ 7 ' MT;: o.z;i-( \

,, ) I!W H Hlll' i : 60° cone horaen

V4

S
4
Q
T‘
I
|
—— *
e o
—0.26"
f—géjgo-t_m«—-
’-0
h;x
868 '°N 24ON [Do1LUY2d) yIoyN

g ‘ U and sitone sharp z
7
6-40 1hreads or
| A

eces 8, 13,/4¢
| Score for 7 2

P
77

I
|
: 9770 ) Frt Regd Lescriplior
: k,\ i & [ / / g{ 17ST alemalaenn oty
i e AT j 7 —_O.L/a" 234 Jeaxh F sg. bross
| L UL o 6 ags Wl spring stee/
I ik o ' 6 6  # rid brass
| =O0. /57— ——— A 650 ’l'e.g&f’ #‘*005 7 3 4 54’ b/'alss_ bdeS
: -0.005 & 3. &0 I a/z/m alloy
1 h 9 3 7 mo’ oril rod
| e F - - /0 3 Zx§ brass
: &) & T 2 WoppgrE 1/ I brass fubing
1 e 1z 3 $'sg brass
] A*I:, # ) A {;}_H 13,14 3 eoch 3.9 mm aril rod
; N . ) g1 0025 1757 alm. alloy
| il ! 16 3 & rndcold rolled steel
| 0.185
___; T —-‘ + 3 Ojj—
- Stube —o ¢

Figure 8. - Lefarls and Bitof Material
Adgptr for [Fircjpal  STrans

" Bi4







NACA T.N. 898

S

rubber
vacuLnmm CU,O
) ACANES

&

string

carrying

? cross bar

2

No. /9 rubber

banass, krotrea

\ \ No. 19rybber pandas

\\

a,afgz:\

Fig. 9

oab/ofor
ﬂojﬂ f 5

Sy

Schemalic diagram of adoptor

atlached 7o strip
frgure G.-






MACA Technical Note No. 898 Me. 10

18%10-%

14 ({//

12

10
of

Axial strain
(00]

0 10 20 30x10~%

* Figure 10.- Typical plot for determination of k.




)

el T )

|
(] -

¥

+

P, —— T
x '-'




‘WACA Technical Note No. 898

Load, kips

Plg. 1%

(8]
/"/

Strain along B-B

O

~Strain along A-A

ML

- A
B r—{j—iB
A

E
YX ?
|

2 /,_‘_/_\’\
"A-A = 2 in
L/O B-B =% fn
5 JS
0
~10x107% P, Buate W0 20x10%

Figure 1l.- Principal strains obtained with
two-inch Tuckerman strain gages.




i
3
»
3
1
L
k)
-




NACA T.N. 898 eyl /L/ Figs. 12,13

e
£ \E—;.—
A I~
"
—
: S iy
™ )eﬁmj_ a
BN gl
3 | o
l L ‘o o~ © i
é byl 5 ® a/Jb
‘ SR
§ r o
\) T
a T W ; c ” a
g 3 | 15
AR ;
e 4]
& e s e
BN | o T—o
‘ N e a0
~Q.00/ 0 +0.001  +0.002
Figure |2-Strain, from Zin goges
. %
‘ Ao’af;br
: a
\ position ¢ | . |b a v ¢ Ve y1? bl< "
| a b 7 g
(7
“
©
L -t
Q:\ 6 B. )
\ h o (5] t @
] 3 4 & &
\0‘ o] ® h ]
i 2 ©— ® °
‘ | =
L ' ¢ 0 0 7 0 0 l =

10"
| Figure ba_jAﬂq/e G between €, from adaptor and
eadge of sirip







