
THE PERL 
PENETRATO 

by HARRY N. PERL 

The preliminary design of th e 
"Pe netra tor" was begun in the latter 
part of 19.50 and actual cons truction 
was star ted in October of 1951. The 
author wishes to tak e thi s means to 
express his sincere appreciation and 
thanks to Ted Nelson who gave gen­
erously of his time, shop facilities and 
abilities in the constructio n of thi s 
sa ilplane. 

Th e Penetrator is a Class I high 
perform an ce single.place powered 
sa ilplane. However , the sh ip is now 
heing flown with out the power plant. 
The or igina l design called for a 
C ros ley "Co b ra" 25 H.P. liquid 
coo led automotive eng ine, but unfor­
tunately thi s engi ne is no longer in 
prod uctio n and all of the used eng ines 
investi gat ed were for the most part un­
repairable du e to ru st and deteriora­
tion. Toda y the possibility of inco rpo­
rating some type of jet engine is be­
coming more fav orable ever y day with 
several new small units appearing on 
the market. Th e author is at pr esent 
evalu ating the various design prob­
lems associated with these engines and 
hop es to be able to make a selection 
soo n. 

Th e ship is of all woud cons tr uction, 
using Sitka spruce and mah ogany 
plywood . The or iginal desi gn contem­
plated all metal construc tion, but du e 
to the Korean War and subsequent 

.S. Air Force expansion pr ogram, 
metal becam e in ver y ti ght supply. 
Air craft grade spruce was fou nd to be 
almost as difficult to obta in as was 
aluminum. 

Th e maj or design feature of thi s 
sa ilplane is the super-finished win g 
which is fr ee from "oil cans" when 
under load. Sailplane designers have 
lung realized the importance of main­
taining smoo th and fair airfoil con­
tours hut in order to do so ha ve had to 
accept large penalti es in weight 
and / or difficult con structi on pr ob­
lems In order to obtain the required 

structural stiffness . Today. however. 
in this age of pla sti cs, the' picture ha ~ 
changed considerably. Th ere is now 
available a new lightweight core ma­
terial that can be cemented or glued 
to a number of differ ent materials. It 
is the Dow Chemica l Compan y's ex­
panded pol ystyrene called " STYRO­
FOAM" and can be obtained in densi­
ties ranging from 11/~ to 3 pounds 
pcr cubic foot with mechanical pr op­
er ties varying as the density. 
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FIG. 1. The main beam on 
its holding fixture. 

A number of adhesives for many 
combinat ions of materi als ar e also 
available. Man y aircraft companies 
have been investi gating and exper i­
menting with thi s material and also 
with the so-call ed "foa med in posi­
tion " pla sti cs. Most of these applica­
tions have pertain ed to contro l sur­
faces and such for vib ra tion damping 
and in an effor t to pr event flutter. It 
is believed that the Penetrator is th e 
first aircraft to incorpor ate Styro­
foam as a str uctural material in a ma­
jor struc tura l component. By filling 
the entire leading edge por tion of the 
wing with thi s materi al and bonding 
the various struc tural elements to­
ge ther by gluing, the plywood cover­
ing is thu s stabilized and pr evented 
fr om buckling in compress ion. The 
whole leading edge str ucture assumes 
the same ela sti c cur ve as the beam 

The author looking pleased 
with his new ship . 

when und er load. A small test sec tion 
was fabricat ed and subjected to very 
low pr essure (2x lO-U 111m. Hg. ) and 
temperatures (- 10° C. ) in a vacuum 
chamber. No adv erse effects were 
noted. Another full scale static sec­
tion of the win g root area was con­
str ucted and tested for the critical 
loading conditions . From the results 
of these tests it was conc luded th at u 
maj or ity of the leading edge rib s 
co uld be elimina ted by usin g Styro ­
foam. This would have required a 
mor e comprehensive testing pr ogr am 
and was beyond the scope of the pro­
ject at this time. It is hoped that such 
a program can be acc omplished in the 
not too dist ant future. 

Th e win g struc tural design cons ists 
of a single main beam for carry ing 
primary bending and shea r loads. The 
ail eron attach spar is continued in to 
th e root of the wing; the wing is ply­
wood covere d ba ck to this spar and 
conventiuna l tru ss type ribs ar e used 
through out. The aft section and aile­
ron are fabri c covered. The main 
beam consists of one inch thick lamin­
ations oriented verticall y. Taper in 
plan form is obta ined by dropping out 
laminated members span-wise toward 
the tip . A slight weight penalty is in­
volved but the siiuplified structure 
resulting mo re than justifi es the new 
ad di tio na l pounds of weight. Th e wing 
attach fittings are X4130 heat tr eated 
steel and are attached to the ma in 
beam with aluminum alloy bolts. A 
self-aligning feature is included for 
easy attachment to the fuselage . Th e 
leading edge or "D" sec tio n of th e 
wing consists of conventional cut-out 
ribs space d on twelve-inch centers 
with Sty ro foam fitted between ribs 
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