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. AN AUTOKATIC EIBCTRICAL ANALYm FOR 4s’ STRAI+RC?SETTE DATA .-.- - : 

By S. S. Manson 

A device that automatically analyzes the data from a &' strain 
rosette is described. Ry means of an -electrical circuit, containing 
as its principal elements five resistor-condenser combinations and 
three diode rectifiers, the rosette'strains are properly combined to .-- 
yield a direct meter reading of maximum shear &r&in and majorand I===2 

, 
' a 

a 

minor principal strains. Orientation of the major principal a%is is. - 
indicated directl<y on'the screen of a cathode-ray tube incorporated 
into the instrument. The analyzer may be adapted to indicate-v-:. 

. and shear stfains in arbitrary directions about the test point arid&-. - 
to compute stresses as well as strains. It is compact and can be 

- 

easily assembled from standard electrical elements. ._- -- . 

, INTRODUCTION - - .- 

Strain rosettes are now widely applied for the determination of 
magnitude and direction of the principal strains and magnitude of the 
maximum shear strain at selected points on a stressed surface. 

n ___ -- 

The technique of the determinations consists in cementiii$5!i?ee 
or more strain gages in close proximity on the member to be-ted 
and observing the strain indications in the gages when the mem&r 
is loaded. These data provide sufficient information for. Cal&- -- 
lating the desired strain quantities either graphically or analyti- .- 
tally (references 1 to 3). Flemperer, in reference jr, describes an 

..- -- 

electrical computer for 'analyzing data taken on three gages set at - -a- 
0°-600-1200 apart or on four gages O"-~50-900-1350 apart. blurray ;__ . 
(reference 5) has suggested mechanical computers for analyzmg data 
from rosettes consisting of gages arranged in the foregoin combi-‘- -- - 

- - nations, as well as from rosettes consisting of three gages --- -+ -4c+yQo 
In reference 6, tiilliams has described a method of producing .- 

-. 
apart. 
a continuous oscillograph record of the Mohr circle of stress and 
strain at any point on the surface of a dynamically loaded member. 

-- 
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The present report--describes a. computer that yields, upon an 
input of the three measurements txken from a O"-450-900 rosette, an 
automatic indication of orientation of -principal axes, major and 
minor principal strains, and maximum shear strain. An appendix is 
included to indicate how the instrumen~y be adapted to compute, 
in addition to the foregoing primary strain quantities, the linear 
and shear strains in any arbitrary direction about the test point. 
The instrument also suggests a method of obtaining an indication of 
magnitude and direction of principal stresses and strains directly 
from the rosette, withoutthe intermediate process of observing the 
individual strain-gage readings. 

,Most strain-rosette data are first reduced to principal strains 
and their directions, and the'principal strains are subsequently 
used ttietermine the principal stresses. The instrument herein 
described may also be readily adapted to-indicate direcctly principal 
stresses and their directions, maximum shear stress, and stress at 
any desired angle3 or the instrument may be built-o simultaneously 
compute both strain values and stress values. 

The author wishes to acknowledge the valuable contributions to 
the mechanical construction of the analyzer made by Messrs. Frank A. 
Friswold and Lewis C. Liteenberg of-the Instrument Division at AEF&. 

The instrument was developed at the Aircraft Engine Research 
Laboratory of the NACA for use in analyzing data from strain rosettes 
attached to crankcases and other engine components. The experi- 
mental model was built in the spring of 1943. 

SYhrlBOLS 

The following symbols are used throughout the report: 

El' 9, E3 observed'strain indications on gages -1, ?, and 3 of a 
45'0 rosette, microinches per inch. 

-- 
Gage 1 is the 

reference gage and gages 2 and 3 are. respectively 
orientated at 450 and 900 positive counterclockwise. 
to gage 1. 

ePS "q major and minor principal strains at point of surface ,. 
under test, microinches per inch 

YItlaX 

OP 

maximum shear strain at point of surface under test, l 

microinches per inch 1. 

angle of axis of major principal strain, degrees s 
measured positive counterclockwise from reference 
gage 1 of rosette- .- --. L. - .-.L; z 
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DFSCRPTION .- 

A view of the front panel of the analyzer is shown in fig- 
L.-L? l(a); the electrical components are shown in figures l(b) and 
UC) l 

_ _- -a 

Three knobs are provided for setting the input strains from .- 
the rosette, These knobs activate voltage taps on potentiometers 
placed across a 60-cycle input line. Rotating the knobs clockwise 
from the reference center position introduces voltages into the 
analyzer that represent positive strains; rotating them counter- 
clockwise introduces voltages that represent negative strains. The - 
input setting for each of the three knobs is indicated by a micro- 
ammeter. A master selector switch is provided for denoting the 
quantity indicated by the meter. The input quantities, % C2, 
and ~3, the maximum shear strain, the major principal strain, . - 
and the minor principal strain are indicated by the meter when the 
master selector switch is successively rotated to the positions ..~ ~. 
indicating these quantities. .- ._. _.. 

Three scales are marked on the meter: 0 to 100, 0 to 200, and 
0 to 500; thus, most problems can be solved with the meter at a fair 
portion of its range. The same scale should be used, however, 
throughout a given analysis. -Shunts for reducing the meter current 
by one-half and one-fifth are also provided. In some problems, the 
choice of a scale that permits the meter to be used at a fair por- 
tion of its range in the setting of ~1, ~2, and C3 results in 
a value of maximum shear strain or principal strain larger than the 
maximum value the meter can accommodate. Yhen the meter is off 
scale, the shunting switches are introduced. The strain is then 
read on the scale that is used throughout the analysis, but the true 
strain is obtained by multiplying the meter reading by 2 or 5 
Gc-ending on the scale factor used. A reversing switch for .the 
meter is provided to indicate whether the principal strains are. 
positive or negative. 

Indication of the orientation of the major principal axis is 
accomplished by a cathode-ray oscillograph, the screen of which is 
covered with a calibrated radial-line scale. After the settings for -_ 
the three strains from the rosette have been adjusted, a straight 
line appears on.the.oscillograph screen. This line passes through 
the origin; the portion on one side of the origin is longer than the ....- -_- 
pcrtion on the other side. The shorter part is- tapered at its end, 
but.the longer part is of uniform width throughout its length with 
a bright spot at its extremity. The longer line points to the scale 
value that indicates the-direction of the major principal axis --. 
referred to gage 1 of the rosette. 
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The principal components-of the electrical circuit are the 
strain-setting potentiometers, five resistor-condenser combinations, 
and three diode rectifiers. The resistor-condenser combinations 
rotate the phase of the voltages between the taps of the potentiom- 
eters in such a way that the vector sums of combinations of these 
voltages directly yield expressions contained. in the mathematical. '_. 
formulas for strain. The rectifiers permit scalar addition of out- 
of-phase voltages and produce direct currentfor deflecting the 
direct-current microammeter. 

4 
-- 

The cathode-ray tube is an adjunct to the electrical circuit. 
It acts as a ratiometer and indicates the .ratio of two voltages, 
which, in turn, determines the orientation -of the major principal 
axis. 

OPERATION 

The operation of the analyzer till be illustrated by the fol- 6 
lowing example: Given' the kf" strain-rosette data 

L 

. . 

Strain 
(microin./in.) ,. 

5 f2 c3 

150 200 -250 ._. 

In order to determine. 8,, ymax, c+, and cq: 

1. The data are examined to determine the most suitable scale, 
and it is seen that 0 to 500 is--the lowest range that fill include -- 
all the given strains. The master selector switch is brought-to 
the Cl position, and the dial for cl is turned clockwise until 
the meter reads 150. With the master selector switch in the C2 
position, the C2 dial is turned clockwise until the meter reads 
200. Vith the master switch in the C3 position3he dial for C3 
is turned counterclockwise (negative direction) until the meter 
reads 250. 

2. The cathode-ray oscillograph ie examined. .The larger por- 
tion of the line through the origin points to a value of @p of 26'. 

3. The master selector is turnkd .to the y,, position. 
Because the meterpointer is observed to be off scale, the meter 
scale factor is turned to 2. The meter reads 320; hence, 
2 x 320 = 640 mic?oinches per inch. 
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4. The master selector is turned to .G+,. The meter reads 270 
when the meter factor is reset to unity; hence, ep = 270 microinches 
per inch. 

5. The master selector is turned to e 
scale to the left; cq must be negative. s 

. The.meter reads off 
he meter polarity is 

switched to -. The meter reads 379; hence, iq = -370 microinches ---. - 
per inch. 

Many check examples have been solved with the analyzer, and 
the accuracy of the instrument for.most examples was determined to 
be about 2 percent of full scale. The principal angle was correctly 
indicated to within 2O. The accuracy of the instrument is dependent 

.__ 

upon the care exercised in choosing the circuit components. Several 
suggestions are made in a later section entitled Not&s on Construction. -. -- 

Whenever the maximum shear strain is very low, the line in the 
cathode-ray screen becomes short, and its direction is-difficult to 
determine. The maximum shear strain can be close- to zero, however, 
only-when both (e2 - ~1) and (~2 - ~3) are very small; ip other 
words, when all three strains are approximately equal. ivhen this 
condition prevails, the strains in all directions about the test 
point become approximately equal and the+qrientation of principal 

- 

axes loses its significance. L -. ..-- 

- - -. ._ _ 
TWDRY 

The electrical circuit of the analyier was designed to compute 
'the individual quantities appearing in the. formulas;-for-strain and 
subsequently to combine these quantities to yield final strains and 
their orientation. 

._ ._ 

Ms2dm.m Shear Strain 

Py deduction from equations (1.30), (1.46), and,(l.47) of ref- 
erence 2 

Y- = .A+l, - q2 + p-2 -..Eg2 (1) -- . 
., 

It is common knowledge in',alternatingLcurrent 'theory that the 
._ -- 

vector sum of two sinusoidal voltages, 900 out of phase..wit.h each 
other, is numerically equal to the square root of the sum of the 
squares -of the. two voltages. The problem of electrically computing 
the shear strain is-resolved-to (1) producing .@o sinusoidal voltages. 

. . 

* - 
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proportionaLkr(&l - ~2) and (~2 - ~3.); (2) rotating these volt- 
ages until they are at right-angles to each other; and (3) adding 
the two voltages electrically. 

I .- 

The principle by which the operation is accomplished may be 
explained with the aid of figures 2 and 3. In figure 2, MN, RS, 
and TV are.rheostat potentiometers connected across a 60-cycle 
alternating-current line. In operation, the taps A, C, and E 
are displaced from the electrical centers 0 of the potentiometers ' 
by distances proportional-to 41, ~2, and ~3, respectively. The 
voltage between A and ~ C is thus proportional to ("1 - E -), 
the voltage between C and E is proport%nal to (~2 - E3 . 7 

and 

These two voltages are placed across-impedances each consisting of 
a condenser and a matched resistnr. The reactance of the condenser 
at-the imp06edy frequency of;&.cycles is numerically equal to the 
resistance of the matched resistor. The vector diagrams for the 
resolution of the voltages are- shown in figures 3(a) and 3(b). From 
figur.e.3(a) the voltage EBC across the resistor EC .is equal to 

c 2 EAC and le'ads EAc by kS"; the--voltage ECD across the-con- 

denser CD is equal to fl 
T.ECE and lags ECE by 45'. . . . . - .--y --l Now EAC 

and ECB aro in phase since the resistance of the potentiometer is 
small in comparison with the impedance of the resistor-condenser com- 
binations: hence, EBC is at right--anglesJo -Ea. If a voltmeter 
were Placed between 33 and- D. it would register the vector-sum of 
EBC and ECDJ which, by figure 3(c), is proportional to 

. 

9 &1 - q2 + cc2 :,E312- Voltage EBE therefore represents 
half the required shear strain. The factor 2 is taken into account 
in metering the voltage. . 

Major and Minor Principal Strains 

The expression for the major principal strain (reference ?, 
equation (1..!~6)) is . 

The square-root portion of equation (2) is represented by the 
voltage between B and D in figure 2; it is now necessary to ~ 
obtain a voltage representing (cl'+ i 

2 
). In figure 4 the rheostat- 

potentiometer WX has been added tc t ose potentiometers already 
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shown in figure 2. The tap G of the potentiometer WX 
mechanically coupled to the tap E of,the potentiometer 
the terminals of the two potentiometers are so connected 

. 
;;> but 

across the 
input line that, as the knob for ~3 is rotated, taps E and G 
move equal distances in opposite directions from the electrical cen- 
ters 0 of the potentiometers, From figure 4 it is evident that 
the voltage between A and G ,i6 a measure of (~1 - c ). 
order to make point B one of the terminals across whit 2 

In 
the volt- 

age representing (q + E3> can be measured, the resistor-condenser 
combination CF-FG is included; the impedance between A and .G- 
then consists of two resistors BC and CF and two condensers AB 
and FG. The total capacitive reactance is chosen equal to the total 
resistance; hence, the voltage between B and F is equal to - 

this quantity is greater than the desired 5-3, is 
. 2 

care of by adjusting the resistance of the circuit that 
this voltage.. 

fl T EAG, which i6 equal to The factor fl, by which 

again *taken 
measures 

The voltages representing the two expressions in equation (2). 
must now be added. Attention must be given to the fact that, although _-- .-. _ 
voltages EDB and EEB represent the desired strain combination6 : ._.- : -.... ._.. . 
in equation (2), these.voltages~are.never~heless out of pha.&&h 
each other. Provision must therefore be made for obtaining the scalar 
sum of the voltages,not the vector sum. The expedient used for elim- 
inating the effect of the phase difference is the process of recti- 
fication. Figure 5 shows the measuring circuit; the lett_er.ed termi- _. 
nals of this circuit are connected to the correspondingly marked 
POil-ltS 09 figure 4. The current-due to each of the two voltages is 
independently rectified before being-passed thr2ugh the meter; -hence, 

i- 

the current in the meter consists of two direct-current component&, 
each proportional to one of the-expressions in,equation (2), plus . 
numerous' harmonic6 that do not deflect the direct-current meter. 
The direct-current components combine in scalar fashion to yield a 
net result proportional-to the major principal strain. It is to be 
noted in figure 5 that the resistance of the meter must be small in 
comparison with R3 and Rs .in order that--no interaction exists. 
between circuits DB and FB. 

Consideration must be given to the algebraic sign of ("1 + E3) 
in obtaining a measure of the pr.incipal. s~trai~nn~- As shown in fig- 
ure 5, the current in the meter due to EBF is always upward 
regardless of whether cc1 + "3) 
must be provided for passing 

is positive or negative. A means 
the current upward through the meti 

when (Cl + E3) is algebraically positive and downwar 
is algebraicaily negativ;. 

CJ through.the 
the meter when k+ c3> __ _._ .-. 



8 NACA TN No. 9&l c 

Figure 6 illustrates the principal.used in the instrument for I 
taking 'into account the algebraic sign of (~1 +e3). Worn elec- 
trical considerations, the algebraic sign of (cl + ~5) relates 
to whether the voltage between .B and F is in phase or 180' out 
of phase with a reference voltage. Let:. Eo in figure 6 be this 
reference voltage, The reference voltage Eo' is arbitrarily 
introduced into-the metering circuit BF as well as in a compen- 
sating circuit shunted across the meter, Consider first the case 
when the terminals B and F are shorted together; that3s, when 
(q -I- ‘3) is zero. Then the meter_passes two equal and opposite 
currents due to. Eo, and.the-net effect is a zero indication, Now 
considerthe case when a'voltage appeers between B and F that 
is in phase with E,'. The current-flowing upward through.the meter 
becomes greater than the original upwdd current, due to E,' alone, 
by a value proportional to the voltage between .B and F; the down- 
ward current is unaffectdd; hence, a net upward current proportional 
to (cl + EJ~) ap-peirs-in the meter. -Ifi on the other hand, the 
voltage bet&en B and F .i,s 180° out of phase with Ed', the net 
upward current is diminished by a,value proportional to kl + c3); 

4 

the dawnward current is again unaffectti and the net current flow 
in the meter is downward. Thus, the current in the meter due to l 

cc.1 +- c3) is either upward or downward; depending upon whether 
voltage EBE is in phase or 1.80’ outTf_,phase &th a reference volt- 
age, or, equivalently, whether (cl 7 53). is positive or negative. 
It: is, of course, necessary that Eo' be greater $han the maximum 
possible value of Eq-@ 5.n order that the system be capable of sup- 
plying-sufficient current in.the dovrn@rd dire.ction~ 

The manner in which the'auxiliary voltage. Eo' is introduced 
into the measuring circuit of (~1 + ~3), by means of transfarmer T3, 
is shown in figure 7. Inasmuch as EBF is the.vol&e across the 
resistor of .a resistor-condenser combination, the voltage Eo is 
'likewise tapped from the resistprr of a resistorrcondenser ccmbination 
in order that the two voltages will be. in the proper phase, 

The expression for the minor principal strain is identical with . 
that given iri equaticn(2) exceptthat the.sign preceding the square- 
root portion is negative. In order to.obtain the mtior principal. 
strain, it is only necessary to reverse the rectifier of path DB 
in figure 5. 

Direction of Major Principal Axis 

From equation (1.48) of reference 2, the angle of the major 
principal axis, measured positive qounterclockwise from the direc- 
tion of gage 1, is given by 
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tan 2ep = 
*c2 - (q + c,> 

CC 
(3) 

1- e3) -.- _ -- 

This equation may be rewritten 

(e2 - Q) + F2 i c3> . . 
tan 2$ = 

(e2 -c 3) - Fi - f3> 
(4) 

-- - 

or 

tan 2$ + 1 "2 -E3 - 

tan 28p - 1 = G2 - Cl (9 

. If, then,a means were devised for indicating the ratio of .(c2 - ~3) 
to cc:2 - El>, this ratio would define a function of 8 
in turn, would determine 8 

f' 
A cathode-ray oscillograp {' p;:;j in 

the instrument as a ratiome er. The circuit diagram of the oscil- 
lograph is-shown in figure 8, but it is, of course, possible to use 
an external oscillograph of standard make. 

The application of-a cathode-ray oscillograph as a ratiometer 
is as follows: Two voltages representing (e2 - '1) and (e2 7 Gj) 
are present between CA and CE, respectively, (fig. 2). These 
two voltages are in phase and vary sinusoidally tith time. If they 
are impressed.across the horizontal and vertical deflec.tion plates 
of a cathode-ray oscillograph, the horizontal:and vertical displace- 
ments Xt and Yt at any time t of the cathode beam are 

Xt =K (E2 - q) sin 2nft (6) , -.-- 

Yt = K (E2 - "3) sin 2rrft ., (7) _ _ .-. .-- 

where K is the deflection sensitivities of both sets of plates, 
adjusted to equality, in inches per volt and f is the impressed --- frequency of 6a.cyclks per second. 

If equation (7) is divided by equation 

Yt ‘2,‘.3 -= 
xt e2 - "1 

(6) . 

(8) 
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The path traced by the cathode-ray spot is thus a straight line !- 
through the origin whose. slope is the desired ratio. The straight 1. 
line, in conjunction with a radial scale, indicates 

-:. 
eP* A con- 

venient method of determining the radial scale is trassume con- 
secutive values of ep and to determine from equation (5) the 

;: 
. i -. ., -c 

ratio 
e* ‘k, 

'. that corresponds to each value of ep. The 
c2 -e1 

resulting scale is shown in figure 9. 

Itis seen from figure 9 that a straight line extending in 
both directions through the origin points to two angles, one at 
each end ofthe line. This ambiguity of angle is due to the-fact- 
that the value of the tangenti-f an angle does not in itself 
uniquely define the Angle. The tangent-mustbe considered as a . 
fraction and the signs of the numerator and denominator must be 
individually examined in-order to determine the quadrant in which 
the-angle lies and thus the value of the angle itself, In the con- 
sideration at hand, the-problem is to determine not only the polarity 
relation between 

the system as refe',tk e') and ('* - e3) 

but also the absolute . 
polarity of each of these quantities, taking the voltage input to 

. By use of the input voltage to modulate 
the beam of the oscillograph, this polarity may be taken into account. 
The control-grid circuit of the cathode.+ay tube contains a trans- 
former driven from the input line (fig. 8). The transformer is 
chosen to bias the grid beyond cut-off at the negative peak of the 
input-cycle, which removes the beam from the screen during a portion 
of the cycle. The undiminished line then points to a unique value 
of ep on the scale. 

..I 

L) 

*- 

Stresses 

It-is possible to devise an analyzer to compute stress instiead 
of strain. The formulas for ti%ximum shear stress and principal 
stresses (equations (1.43), (1.46), (1.47), (l..$), and (1.54) of 
reference.2) contain the same strain combinations (cl + C3) and 

F1. - c*)* + (e2 - '3J2 as those appearing in the formulas for 
strain, but the coefficients of these equations-contain the modulus 7 
of elasticity and the Poisson's ratio of the material under test, .^.._ 
In order to convert the strain analyzer to a stress computer, i+ 
is only necessary to change thmalues of the metering resistances 
and to add scales on the meter .for stress. The same instrument may .b _ 
be made to indicate both stress and strain by the use of a toggle 
selector switch, or two meters may ve provided, one indicating 
strain and the other stress. c - 
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NOTES ON CONSTRUCTION 

The construction of the analyzer may be facilitated and the 
accuracy of the instrument increased by following a definite pro- 
cedure in choosing some of the circuit components. 

1. Figure 7 shows five resistor-condenser combinations. It ~. _ 
is important that each condenser be carefully chosen to have a 
cap.acitive reactance at 60 cycles, numerically equal to the resis- 
tance of its adjoining matched resistor. A convenient process for 
accomplishing a close match is to choose condensers of nominally 
correct capacitance (as specified in fig, 7) and to place each con- 
denser, in turn, in series with a voltage source of 60 cycles and 
a variable resistor. The proper resistance for each condenser is 
determined by varying the resistance until the measured voltage 
across .it is equal to the measured voltage across the condenser.. 
Resistance R 

x 
should be determined in conjunction with the 

adjoining con enser C2 
R7m 

when transformer T3 is installed across 

2. The operation of setting the strains ~1, ~2, and f3- 
into the instrument consists in moving the taps of the various 
potentiometers to points of potential that correspond to the strains. - __ 
The reference potential is that of a fixed point in a resistor placed 
across the input line. Normally, this reference point would not be 
unique, and any point approximately halfway between the two input 
lines would be a satisfactory reference. Because the operation of 
the instrument depends, however, on the fact that, for any position 
of the dial for ~3, the tap of one of the coupled potentiometers -. 
is as far above the reference point as the tap of the other potenti- 
ometer is below it, only one point in the reference resistor may be 
taken as the reference potential. In order to obtain this point, 
a sensitive voltmeter is first placed between the_taps of the-coupled 
potentiometers on the ~3 shaft, and the G dial is rotated until 
the voltmeter reads zero. The voltmeter is hen connected between % * 
one of the c3 taps and a tap on the reference resistor, which is 
adjusted for a zero reading of the voltmeter. The position of the 
tap on the reference resistor thus determined is the reference 
potential of the instrument. It is also important that the two 
coupled potentiometers representing ~3 be accurately wound in order 
that, as the ~3 knob is rotated, the two taps reverse equal resis- -. 
tances in opposite directions. 

3. Vhen a diode is placed in a relatively low-impedance circuit, 
a small current flows in the circuit even when no external voltage 
is applied. This phenomenon is due to the fact that emission takes 
place from the cathode and some electrons find their way to the 



12 NACA TN No. 941 

plate even when the plate is not-positively charged. One expedient 
for reducing the currentflow at an applied voltage of zero is to 
reduce the temperature of the cathode. For a 6H6 diode the normal 
filament voltage is 6.3 volts. 1-s found that approximately 
3.5 volts to the.fi1amen-t provided adequate temperature to permit 
a full-scale current of 100 microamperes to flow. At the same time, 
the temperature was low enough to prevent undesirable emission. 

m 

Q 

4. The metering resistance R3 is arbitrarily chosen'to pro- 
vide full-scale deflection of--the meter for the full range of the 
Cl, C2¶ and "3 dials. The other two'metering resistances R4 
and Rs are bestdetermined by experiment. If, for example, cl 
and "3 are set equal tozero and <2 is set to an arbitrary 
value, the meter reading, when the selector switch. is set to the 
y,, position, should be twice c2. The resistance R4 is deter- 
mined by adjusting its value.u+J this condition prevails. A-q,. 
if 9J c29 and 53 are all set equal to an arbitrary-value, the 
reading of the meter, when the master selector switch is in the .cp 
position, should be equal to the arbitrary value of El, G2, and 
c3a . Resistance, RCJ is adjusted until this condit*on prevails. .' . . 

.- 
_-- 

F. 

5. The accuracy of the instrument depends upon the constancy 
of the supply voltage throughout the analysis ,of a given seeof 
rosette data. If the line voltage is likely to fluctua&+ it is. 
desirable' to incorporate a voltage' r-egulator 'in the -instrument, but- 
care should be exercised that no harmonics are introduced by the 
regulator. 

. 

6. Equations (6) and (7) are valid only if the deflection sen- 
sitivities of the vertical and horizontal'plates are equal. Because 
of manufacturing tolerances in the cathode-ray tube, the sensitivi- 
ties may not be identical; hence, resistor-gain controls are,pro- 
vided for adjusting them to equality.- 

DIRECT MEASt~!ENT OF PRINCIPAL STRESSES AND STRAINS 

The instrument suggests the development--of a circuit for direct 
indication of magnitude and direction of principal stresses and 
strains from 'the strain-gage voltages without the intermediai;e pro- 
cess of observing ~1, c2., and .fZ3,, In figure 4,~~for-iixam$+l th8 
purpose of the potentiometers is to provide a means of-obtaining _-I 
voltages proportional to (cl - e2>, (c2 - c3),. and (51 + "3)* s 

* A voltage propor'tinnal to the difference between the strain fndica- 
tions of two strain gages can be obtained from a Wheatstone-br,idge 
arrangement in which the two strain gages.constitute ad$acent arms3 
and a voltage representing the sum of two strain-gage indications 

, 
e 
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can be obtained if the gages are arranged as opposite arms of the 
bridge. A circuit similar in principle to that used in the analyzer, 

, ,--- 

but with the potentiometers replaced by strain gages and fixed resis- 
tors, may thus make it possible to obtain direct indication of prin- 
cipal stresses and strains. Suitable amplifiers would be required 
in such a circuit for increasing the power level of the strain volt- 
ages. 

A circuit forthe direct indication of principal stresses and 
strains could possibly be designed.with a simpler phase-rotating 
arrangement than that used in the analyzer for producing perpendic- 
ular voltages. One arrangement, originally considered for the 
analyzer, involved the use of a resonant resistor-condenser-in&&or- 
combination. It was found, holever, that commercially available 
inductors of the required size varied appreciably with the current 
flow through them and that a resistor-condenser-inductor combination 
could not be readily devised to-be resonant at-all values of current 
flow. In a circuit for direct use with the strain gages, the cur- 
rents in the phase-rotating elements would be considerably lower, 
and it is possible than an inductance would not be undesirable, 

.i - 

COFJCLUDING REFARKS 1 

It is recognized that the circuit constants, such as the volt- 
ages, the size of resistors and condensers, and the range of .the 
meter used in the analyzer, could be combined to produce a cheaper 
or more compact instrument than the one described in this report. 
The present instrument represents an qerimental model, made with 
materials at hand, to illustrate the manner in which the principles 
described may be combined to yield a satisfactory automatic analyzer 
for 45' strain-rosette data, 

Aircraft Engine Research Laboratory, 
National Advisory Committee for Aeronautics; 

Cleveland, Ohio, April 12, 1944. 
.-. 



l4 

APPELDIX 

NACA TN No. Sk1 F 

Q 

LINEAR AND Sk'EPR STRAINS IN ARBITRARY DIRECTION .._ 

ABCUT TQ3 TEST PQINT 

For some applications, it may be desired to know the linear or 
shear strains in any direction about--the test point. kt ce be 
the linear strain at an angle of 8 degrees to the major principal 
direction. Then by.equati& (1.22~) of-reference 2 

"e= 2 
<P + cq +cP - '9 cos ** 

2 

From equation (1.33) of ref&%nce 2 it-can be deduced that 

eP + E 9 
= Cl + c 

3 

;Znd from'equations (l.!r6) and (l.k7) of the foregoing 

cp - cq = -dqg-q2 + (5% - 3j2 

thenequation(3) reduces to -- - . . . . 

Equation .(ll) is the same as equation (2) except-that an attenuating 

(9) 

00) _ ; 
l 

reference that 

factor of co-s 243 is applied to the square-rootquantity. The 
strain at the arbitrary angle 0 may thenbedetermined by placing 
the master selector switch in the <p position and by attenuating 
the current due to the square-root quantity by the factor cos 28. 
This attenuation may be accomplished either bykpping off only a 
portion of the full voltage between B and D in'figure 2, by 
increasing the resistance of.the measuring circuit, or by shunting 
the rectifier with a resistance, which diminishes the effectiveness 
of the rectifier in producing direct current. Whatever method is 
used, provision must be made to reverse the rectifier for those 
values of 8 in which cos 28 becomes negative. 9 

The angle 8 must be measured from the direction of the major 
principal axis but, because-the major principal axis is indicated 
by the cathode-ray oscillograph, any direction at thetest point 
can be related to the principal direction. 
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If provision for attenuation is made, it becomes possible to, 
determine the orientation of the major principal axis without the 
aid of an oscillograph. The orientation is determined from the 
fact that the attenuator makes it possible to determine the strain -- -- 
in any direction relative to the principal axis and the strains in 
several directions are known from the primary dataof the rosette. ._ 
Thus, if the attenuatorais arbitrarily moved through the range of 
69 a-position will be found for which the meter indication is Cl 
and the angle indicated by the attenuator is the angle of the 

-- direction of gage lwith the direction of the major principal axis. 
* Because the direction of gage 1 is known, the direction of the 

major principal axis can be determined. An ambiguity exists, how-. 
ever, as to whether the angle of the princi@ axis is to be 

. measured clockwise or counterclockwise from gage-l. This ambiguity ..,-- 
may be clarified by a check reading. The angular scale of the 
attenuator is again traversed until the meter reads the strain 23.. - - .A_. 
the angle indicated is the angle between the major principal axis ---- -. 
and gage 2, clockwise or counterclockwise. Four directions noti. 
exist, which are potential directions of cp. Two of these dire& 
tiona coincide, which establishes the exact direction of cp* 
Four rotatable prongs, which record the angles, are an aid in the _-. 
determination. 

The shear strain 
'B 

at an angle 8 with the major principal 
direction is (equation ( .2Yb) of reference 2). . 

Ye = Np - Cq) sin 28 = 1/Td(e2 - C1)2 + (C2 - c3) sin.28 (12) 

Again an attenuation factor, this time sin 26, is necessary. The 
same attenuation device introduced farobtaining linear strain may 
be used, but the angular scale must be different to introduce the 
sine functions. The attenuation, however, must be $$Iieh-:xien._t_e .._-..I- 
master selector switch is in the ymsx position.. ..- 
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Ftture 2. - Circuit shoulnt aomet of obtotnlrrt two 
fy~~r$iculor ooltotes proport lOROl respect luely 

. - ca) and (cp - ra/. 

(61 Resolution of voltate ECE. 

/a/ Resolution of ooltote EAC. 

(cl Vet tor odd It ton of EBC ond Eco. 

Flture 3. 
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- Vector d lotrams shoulnt electrIcal deterrrlnot ion 
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+ IGp - ca) ’ by addltton of tuo perpendtcular 
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Flture 4. - Clrcuft shouta; aonner of Ilrtroducla# voltate proportlosol 
to lc, + l al. 

Fiture 6. - Clrcult for scalar odd0 ran of tuo out-of-phase uoltotes. 

FItwe 8. - Circutt shouiat methad of proufdlnt for oltebrolc 
sltn of la.1 + aal. 
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Figure 3. - Rodiol stole for detereinfng t?p uhsn the plotes of the 
cathode roy tube ore In horizontal ond uertlcol positions. 
Voltage 1% - 
uol tog8 (4 - 

qI irrrpressed on horltontol deflection plotss. 
E./ iaprsssed on V8rt !COl deflect iOn plOt8S. 
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