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Introduction
IN designing and optimizing propeller blades of complex
configuration, an analytical or numerical approach results
in extremely complex equations which must usually be
solved with the aid of a computer. Experimental stress
analysis techniques, however, offer a direct and often
more simplified approach.

The photoelastic coating technique gives the magnitude
and direction of principal stresses as well as the location
and intensity of probable stress concentrations on the sur-
face of a component subjected to load.1 It is particularly
useful in qualitatively evaluating components of complex
shape and in rapidly evaluating design modifications to
prevent failure.

In this investigation, the technique was applied to a
statically loaded, skewed propeller blade to demonstrate
its feasibility. The blade was coated with a moldable pho-
toelastic plastic and data was obtained with a commercial
reflectance polariscope. Principal stress distributions were
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Fig-. 1 Loading condition for experimental propeller blade.
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Fig. 2 Isochromatic fringe orders and shear difference grid
locations for experimental propeller blade.

determined from photoelastic data at selected sections
and are graphically portrayed.

Formulation of the Problem

The investigation was performed on an epoxy resin
blade similar to an aluminum propeller designated as
NSRDC 4143.2 Use of the plastic blade resulted in easily
measurable strains for the given loading condition. Mea-
surement of mechanical properties indicated a modulus of
elasticity of 1.426 X 106 psi and Poisson's ratio of 0.36.
Static loading, simulating the measured hydrostatic pro-
file, was represented by six concentrated forces applied to
selected points on the blade surface as shown in Fig. 1.
The loading direction was parallel to the steady thrust
force direction of the propeller, or parallel to the hub axis.

Photoelastic Analysis
The experimental propeller blade was coated with molda-
ble photoelastic plastic PL-1 supplied by Photoelastic Inc.
The photoelastic coating had a stress fringe coefficient /
of 66.3 psi/in./order, a modulus of elasticity of 420,000 psi
and a Poisson's ratio of 0.36. The coating thickness aver-
aged 0.096 in. The coating was molded to the surface in a
state of partial polymerization and allowed to cure. It was
then firmly bonded with the appropriate epoxy resin.
After bonding, the coating was checked for the presence of
residual stresses.

The photoelastic analysis consisted of 1) photographi-
cally recording isochromatic fringes or loci of maximum
principle stress difference, 2) photographically recording
isoclinics or loci of constant principle stress direction, 3)
separating the principle stresses at selected sections on
the blade surface through the use of shear difference tech-
niques, and 4) adjusting the principle stresses to reflect
the reinforcing effect of the birefringent coating. Integer-
and half-order isochromatic fringes obtained for the load-
ing condition shown in Fig. 1 can be seen in Fig. 2. Also
shown in the same figure are shear difference grids along
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Fig. 3 a) Isoclinics and b) stress trajectories for experimental
propeller blade.

selected sections of interest. Corresponding isoclinic data
and resultant stress trajectories can be seen in Fig. 3.

Shear differencing was conducted along the four select-
ed sections shown in Fig. 2. Shear stress distributions
were generated along AB and CD for each section using
the equation

Nfa
4h sin 29 (1)

where xn is the distance to the nth grid point in the direc-
tion of integration (in.), rxy

c is the shear stress in the
coating (psi), N is the isochromatic fringe order, fa is the
stress fringe coefficient for the material (psi/in./order), h
is the coating thickness (in.), v is the angle from the X-
axis to the maximum principal stress (degrees). The differ-
ence in shear Arxy

c = (rxy
cAB ~ rxy

ccD) was then com-
puted along each section and placed in the shear difference
equation

(2)
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Fig. 4 Principal stress distributions at four selected sections of
the uncoated experimental blade.

The principal stresses in the coating material were then
converted to principal stresses in an uncoated specimen
by using a correction factor

F r n —
1 + BC
1 + C 4(1 + BCf - 3(1 -BC2)2

1 +BC (5)

where

B = (EC/ES) [1 - i^Vd - vc )] C - hc/h&

Ec is the modulus of elasticity of coating (psi), Es is the
modulus of elasticity of the specimen (psi), vc is the Pois-
son's ratio of the coating, vs is the Poisson's ratio of the
speciman, hc is the thickness of the coating (in.), hs is the
thickness of the specimen (in.).

The correction factor considers the difference in geome-
try and mechanical properties of the coating and speci-
men as well as the reinforcing effect of the coating.3 The
principal stresses in the uncoated specimen were given as

2
u - (FCB/B)a2

c
(6)

where <TIU is the maximum principal stress in the uncoat-
ed blade (psi), and o-2" is the minimum principal stress in
the uncoated blade (psi). Plots of maximum and minimum
principal stress along the four selected sections of the uri-
coated blade can be seen in Fig. 4. Results, in general, com-
pare well to those obtained in a separate study utilizing
electrical resistance strain gages.4

where ax
c is the normal coating stress in the direction of

integration (psi), and Arxy
c is the shear difference in the

coating (psi) to obtain the normal coating stress in the
direction of integration. The normal stress perpendicular
to the direction of integration was obtained from

Nfa
2h cos 20 (3)

Finally, principal stresses in the coating were obtained
from

a t
c - 1/2 (a/ + < +Nfv/2ti)

a2
c = 1/2 (a/ + < - Nfa/2h)

(4)

Conclusions

From experimental results, the following conclusions
are established: 1) The photoelastic coating technique of-
fers a simple and direct experimental means for analyzing
and designing propeller blades of complex configuration.
2) For the propeller blade studied, high levels of principal
stress are found along the trailing edge of the blade with
the maximum level occurring at the blade-hub juncture.
3) Principal stress magnitude decreases from the blade
root to the blade tip.
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tinuous ratings, which determine maximum cruise speed
Vmax, are 85% of these SHP values.) The two foil loadings
considered (W/S = 800 and 1200 psf) are representative of
current practical design bounds. The two propulsion types
considered (propeller and waterjet) represent the limits
(upper and lower respectively) of attainable propulsive
efficiency 17. This matrix of 2 criteria x 3 SHP's x 2 (W/
S)s x 2 propulsor types produces 24 configurations.

Simplified Tradeoff Studies of Large
Hydrofoil Ships

J. R. Greco*
Naval Ship Engineering Center, Hyattsuille, Md.

Nomenclature

DHP = drag horsepower, hp
EH = endurance, hr
L/D = dynamic lift/drag ratio
m,To = takeoff horsepower margin (percent of maximum inter-

mittent horsepower possible)
PL = payload^O.l W, tons
PR = propeller type propulsor system
R = range, naut miles
SHP' = maximum intermittent shaft horsepower (engine out-

put), hp
SFC = specific fuel consumption, Ib/shp-hr
V = speed, knots
Vavg = average speed in sprint/drift mode, knots
Vburst = burst speed, short duration capability, knots
Vmax = maximum continuous operational speed (at maximum

continuous shaft hp, which is 85% of SHP), knots
Vmin - minimum foilborne speed, knots
VTO ~ takeoff speed from hullborne to foilborne (Fig. 1), knots
W = platform full-load displacement, tons
WF = fuel capacity, tons
W/S = foil loading, psf
WJ = waterjet type propulsor system
ri — propulsive coefficient, Fig. 1; product of transmission

(from turbine output shaft) and propulsor system
efficiencies

TD,TS = fractions of time drifting and sprinting, Eqs. (4-6)

Subscripts

D,S = drift and sprint speed modes, respectively

Introduction

THIS Note presents a simple analytical approach for
examining first-order effects of major parameters on pre-
liminary designs of large hydrofoil ships. Two design crite-
ria are employed, which reflect the extremes of design
speed emphasis: 1) design for a 25% margin (mTO) in
horse-power at the takeoff speed VTO, and 2) design for a
maximum-burst-speed capability of 50 knots. The power-
plants considered are marine gas turbines in three sizes
which permit maximum intermittent shaft horsepowers
(SHP's) of 30,000, 40,000, and 50,000 hp. (Maximum con-

Configuration Designs

For each case, the desired design criterion and SHP,
W/S, and propulsor type are specified. For the specified
W/S and propulsor type, the associated ratio of drag-
horsepower to full-load displacement (DHP/W) and TJ are
determined for the design speed of interest (VTO or 50
knots, depending on the design criterion) from Fig. 1.
Here DHP/ W inversely reflects the L/D capability of the
platform, and TJ is assumed to represent the over-all effi-
ciency of the transmission (from turbine output shaft) and
propulsor system. Then W is obtained from the desired
design criterion. For the 25% mro criterion, mTQ = 0.25
DHP/W, and

W = n • SHP
1.25 (DHP/W) (la)

esign

For the 50-knot-burst-speed criterion, mv^urst = 0, and

W = DHP/W
= Vburst = 50 knots (Ib)

Having determined W, and assuming 0.1 payload fraction
(PL/W - 0.1), the fuel fraction is obtained from the (PL
+ WF)/Wvs W curve (Fig. 2).

The 24 configurations derived are presented in Table 1.
The 50-knot criterion yields lower displacements, except
for the 1200/W cases. For the 1200-psf foil loading, the
difference in the denominators in Eqs. (la) and (Ib) is
smaller than the difference in waterjet efficiencies (rj) for
the two design speeds (VTO = 29 knots; Vburst = 50
knots). Similar reasoning associates maximum displace-
ment with the SQO/PR designs for the 25% margin criteri-
on and with the 1200/Pft designs for the burst-speed cri-
terion.

The maximum burst speeds for the 25% mTQ criterion
designs were graphically derived by plotting the speed-
power curves developed from the powerplant shafthorse-
powers and propulsive coefficients (available power) and
the platform full load displacements and DHP/VF ratio
(required power). By plotting these power relationships as
a function of speed, the intersection of the available power
curve with the required power curve determines the maxi-
mum speed (burst) possible, which varies from 39 to 56
knots for the candidate platforms, with little difference
between the 800/W and 1200/PR designs. The takeoff
margins for the burst-speed-criterion designs are well over
25% except for the 1200/WJ designs, which have no mar-
gins.
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Platform Performance

For each of the 24 configurations, endurance EH and
range R can be calculated for various constant speeds


