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ll 
FUSELAGE .] 1G 

A generic concept to the invention is the use of selectively 
actuated pressure applying surfaces over the areas to be 
bonded while the parts are held in their proper relative loca 
tions. 
One portion of the invention relates to the bonding of an 

upper aft fuselage section comprising flanged bulkhead sec 
tions and stringers and a stressed skin thereover in a single 
stage jig having a ?uid expansible diaphragm over each of the 
areas to be joined, the fluid expansible diaphragms being in 
one half of a jig which is pinned together to hold each of the 
bulkhead, stringer and skin components in proper relation 
while providing a reaction force upon the application of the 
bonding pressure by means of the introduction of pressure 
into the diaphragrns. 
A second portion of the invention relates to the construc 

tion of a skeleton of a wing having a main tubular spar and a 
trailing edge spar with ?anged ribs of stamped metal, a jig in 
cluding supports for the ribs and spars and individual re 
sistance heating means for applying heat and pressure at each 
of the joints of the wing skeleton. The second-stage jig for 
bonding the skin to the wing skeleton includes a means for 
tensioning the skin over the skeleton as well as ?uid pressure 
expansible means to provide the bonding pressure in all areas 
where the skin is bonded to the ribs and spars. The ribs of the 
wings have ?anges into which transitory reinforcing means 
closely fit to prevent de?ection of the ?anges under the bond 
ing pressure applied thereto, a transitory reinforcing means 
being segmented such that they may be pulled out through cu 
touts in the ribs of the wings after the bonding operation is 
completed. 
A further portion of the invention relates to bonding of a 

plurality of ribs and a torque tube of an aircraft control ele 
ment in assembled relation by means of a liquid epoxy resin in 
a tube cradle and rib clamping jig which maintains the parallel 
relationship of the ribs at a ?xed angular and lateral position 
with respect to the tube. 
The invention provides, in the second stage in the creation 

of a bonded aircraft control element, a jig which has pivoted 
contoured arms to clampingly engage the skin in areas in re 
gister over the ribs and trailing edge such that the areas to be 
bonded receive the proper bonding pressure. This pressure is 
supplied by means of a ?uid pressure expansible means and 
manifold system connected thereto. 

In addition to the air frame, wing and control element jigs, 
the invention includes ajig for bonding a frame member for an 
airplane cutout to the periphery of the cutout which is a transi 
tory self-supporting jig having opposing members which may 
be moved into and out of clamping engagement with the mar 
gin of the skin de?ning the cutout by means of screw means 
connecting the two opposing members. The opposing pressure 
applying surfaces of the two members include at least one 
?uid pressure expansible means for application of the proper 
bonding pressure and a brief description. 

BACKGROUND OF THE INVENTION 

This invention relates to light airplane tooling and its use. 
Heretofore, small aircraft structures have been constructed 
using monocoque and semimonocoque construction and a 
multitude of rivets to fasten the skins and bulkheads together. 
The bonded stressed'skin-type of construction has been used 
for fuselage, wing and control element construction of larger 
airplanes; but, because of the difficulty and expense of provid 
ing the necessary tooling for properly locating the assembled 
parts and applying the required bonding pressures at the mul 
titudes of joint locations therebetween, it has not been widely 
adopted in light airplane manufacture. As a consequence, 
most light airplanes of recent years have been of riveted or 
mechanical construction. ' 

The present invention is a breakthrough in the economic 
use of bonded stressed-skin construction for the manufacture 
of light airplanes on a production basis. It is because of the 
novel tooling of this invention and its method of use that a 
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light airplane of bonded stressed-skin construction can now be 
economically produced. Such an airplane is clearly superior to 
those having a riveted skin both because of its smooth rivet 
free appearance and its reduced drag. 

Brie?y, one type of airplane to be constructed by the novel 
tooling and method of the invention is of a construction in 
which the lower portion of the fuselage is made up of a bonded 
honeycomb sandwich structure reinforced by thin metal strips 
and angles. The particular design of this type of aircraft in 
cludes the use of a "turtle-back" or unitary upper aft fuselage 
section having a stressed-skin construction bonded over a 
framework of thin metal bulkheads held in place by a central 
stringer. 
The jig for the “turtle-back" portion of the fuselage has 

been provided such that two overlapped thin metal bulkhead 
sections are located and held ?rmly in place for bonding at a 
plurality of intermediate stations along the length of the jig. 
The aft bulkhead is of one piece. These are then tied together 
with a central upper stringer and the whole structure is 
uniformly bonded together with the metal skin stressed 
thereover in a single bonding operation. 
A novel manner of providing a uniform bonding pressure 

and stressing the skin evenly over the bulkheads and stringer is 
provided. A thermosetting structural adhesive bonds the 
structural elements into a single rigid structure as they are 
held in proper assembled relationship by the novel tooling of 
the invention. 
A tubular section projects entirely through the lower 

fuselage in such a manner that it provides for the connection 
and support of the wings at a proper dihedral angle. Each wing 
has a primary tubular spar which fits on the tubular section. 
The wings and control surfaces of the airplane are also 

made of a bonded stressed‘skin structure. The wing structure 
is primarily of a tubular spar construction having ?anged thin 
transverse ribs with the stressed skin bonded thereto. A secon 
dary channel-shaped spar joins the ends of the ribs adjacent 
the trailing edge. The control surfaces are similarly con 
structed utilizing single tubular spars and ribs. In the case of 
the wings, the ribs are made of ?anged thin metal stampings, 
and in the case of the control surfaces, either stampings or 
honeycomb sandwich ribs of appropriate shape may be util 
ized. 
Each of the airfoil structures is constructed in two stages: 

First, the skeleton is formed by assembling the ribs and the 
spars in an appropriate jig to accurately align and locate them. 
Then they are ?xed in this assembled relation either by adhe 
sive or mechanical fastening means. The skin is then stressed 
and bonded to the skeleton in a second jig designed to apply 
localized bonding pressures to the joints between the skin and 
ribs during the curing of the adhesive. These jigs have, over 
the areas of skin bonding to the skeleton, expansible pressure 
diaphragms which, after the two parts of the jig are clamped 
together, are in?ated by ?uid pressure: to apply the necessary 
bonding pressure for the structural adhesive material being 
used. Special transitory reinforcing members to provide reac 
tion forces and prevent distortion of the ?anges during appli 
cation of bonding pressures are utilized. Provision is made in 
the wing jig for thermal expansion and contraction during the 
bonding operation. Examples of suitable adhesives for use are 
the types manufactured by Narmco Materials Division of 
Whittaker Corporation under the trademarks "Metlbond 
22S" and “Metlbond 328." Before bonding, all parts are sur 
face prepared by treatment in a sulfuric acid sodium dichro 
mate bath with an appropriate rinsing operation. These opera 
tions are performed prior to the assembly of the parts in the 
jig, and the parts are then carefully handled with cloth gloves 
to avoid contamination. The entire operation is performed in a 
controlled environment to further insure that the parts remain 
uncontaminated. 
The “turtle-back“ bulkhead sections and stringer are set in 

a special single stage bonding ?xture which is clamped with 
the skin laid thereover with all bonding points having 10 to 20 
p.s.i. applied thereto. Thermocouples are attached to the 
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structure at appropriate points and the jig is placed in the oven 
at a temperature of from 245° to 265° F. until all bonded joints 
are cured at 245° F. for 60 minutes. After the removal from 
the oven and a cooling down period, a complete inspection, 
including ultrasonic testing and mechanical testing of bonded 
specimens made simultaneously with the structure in the fix 
ture, is performed. The control surface bonding operations are 
performed at the same temperature and pressure but, as stated 
before, in two stages, the ?rst stage bonded rib and torque 
tube units being secured by means of an adhesive produced by 
the Minnesota Mining and Manufacturing Co. under the 
trademark “3M 2214." This adhesive requires no pressure to 
perfect its bond. 
The cutouts for the windows in the “turtle~back” portion 

are provided by means of a novel workpiece supported clamp 
ing fixture. In order to provide the frames about the window 
cutouts, the angular frame members of “I." -shaped cross sec 
tion are bonded to the periphery of the cutouts. The clamping 
?xture for this purpose has force-applying surfaces on the op 
posing faces of two separate jaw portions which are bolted in 
clamping engagement through the cutout with the marginal 
portion of the skin and the frame therebetween. At least one 
force-applying surface of the clamping ?xture has a pressure 
expansible diaphragm member mounted in a groove thereof so 
that, after the ?xture parts are bolted into place, air pressure 
may be introduced into the expansible diaphragm. This ap 
plies a uniform bonding pressure to all points of the adhesive 
joint between the skin and the frame. 

BRIEF DESCRIPTION OF THE INVENTION 

Brie?y, the invention relates to jigs for placing aircraft com 
ponent parts in assembled relationship and providing the pres 
sure to bond them into a stressed skin construction. 
A generic concept to the invention is the use of selectively 

actuated pressure applying surfaces over the areas to be 
bonded while the parts are held in their proper relative loca 
tions. 
One portion of the invention relates to the bonding of an 

upper aft fuselage section comprising ?anged bulkhead sec 
tions and stringers and a stressed skin thereover in a single 
stage jig having ?uid expansible diaphragm over each of the 
areas to be joined, the ?uid expansible diaphragms being in 
one half of a jig which is pinned together to hold each of the 
bulkhead, stringer and skin components in proper relation 
while providing a reaction force upon the application of the 
bonding pressure by means of the introduction of pressure 
into the diaphragms. 
A second portion of the invention relates to the construc 

tion of a skeleton of a wing having a main tubular spar and a 
trailing edge spar with flanged ribs of stamped metal, the jig 
including supports for the ribs and spars and individual re 
sistance heating means for applying heat and pressure at each 
of the joints of the wing skeleton. The second-stage jig for 
bonding the skin to the wing skeleton includes a means for 
tensioning the skin over the skeleton as well as ?uid pressure 
expansible means to provide the bonding pressure in all areas 
where the skin is bonded to the ribs and spars. The ribs of the 
wings have ?anges into which transitory reinforcing means 
closely fit to prevent de?ection of the ?anges under the bond 
ing pressure applied thereto, a transitory reinforcing means 
being segmented such that they may be pulled out through cu 
touts in the ribs of the wings after the bonding operation is 
completed. 
A further portion of the invention relates to bonding of a 

plurality oi‘ ribs and a torque tube of an aircraft control ele 
ment in assembled relation by means of a liquid epoxy resin in 
a tube cradle and rib clamping jig which maintains the parallel 
relationship of the ribs at a ?xed angular and lateral position 
with respect to the tube. 
The invention provides, in the second stage In the creation 

of a bonded aircraft control element. a jig which has pivoted 
contoured arms clampingly to engage the skin in areas in re 
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4 
gister over the ribs and trailing edge such that the areas to be 
bonded receive the proper bonding pressure. This pressure is 
supplied by means of a ?uid pressure expansible means and 
manifold system connected‘thereto. 

In addition to the air frame, wing and control element jigs, 
the invention includes a jig for bonding a frame member for an 
airplane cutout to the periphery of the cutout which is a transi 
tory self-supporting jig having opposing members which may 
be moved into and out of clamping engagement with the mar 
gin of the skin de?ning the cutout by means of screw means 
connecting the two opposing members. The opposing pressure 
applying surfaces of the two members include at least one 
?uid pressure expansible means for application of the proper 
bonding pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a plan view of the upper aft fuselage as 
sembly or “turtle-back" of a light airplane constructed using 
the tooling and method of this invention. 

FIG. 2 represents a side elevation view of the “turtle-back" 
of FIG. 1. 

FIG. 3 represents a front elevation of the “turtle-back“ of 
FIG. 1. 

FIG. 4 represents a fragmentary view taken along the line 
4-4 of FIG. 3 with portions of the parts broken away for 
clarity. 

FIG. 5 represents a cross-sectional side elevation view of the 
lower portion of the "turtle-back" jig with the bulkhead sec 
tions and channel in place thereon. 

FIG. 6 is an enlarged detailed view of a portion of FIG. 5. 
FIG. 7 is a schematic side elevation view of the “turtle 

back" jig with the top portion assembled to the bottom por 
tion and the skin and bulkheads in place for bonding showing 
the manifolding for the ?uid expansible pressure diaphragms. 

FIG. 8 is an enlarged detailed cross-sectional elevation view 
ofthe assembled “turtIe-back"jig of FIG. 7. 

FIG. 9 is a cross-sectional view taken along the line 9-—9 of 
FIG. 8 during the application of ?uid pressure. 

FIG. 10 is a cross-sectional view taken along the line 10- I0 
of FIG. 8. 

FIG. 11 is a side elevation view of the first stage bonding jig 
for the wing showing the spars and ribs in place. 

FIG. 12 is a cross-sectional elevation view taken along the 
line l2-l2 ofFIG. 11. 

FIG. 13 is a detailed side elevation view taken along the line 
13-13 of FIG. 12. 

FIG. 14 is a fragmentary cross-sectional view taken along 
line 14—l4 of FIG. 13. 

FIG. 15 is a detailed cross-sectional elevation view of a por 
tion of FIG. 13 with certain other portions shown in FIG. I4 
omitted for clarity. 

FIG. 16 is a schematic view of the ?uid actuated heating 
clamps ofthe jig of FIGS. 11 to 15. 

FIG. 17 is a side elevation view of the second stage jig for 
bonding the wing with the skin and transitory reinforcing 
members in place. 

FIG. 18 is a cross-sectional elevation view of the 
monocoque wing structure of the invention prior to insertion 
in the jig of FIG. 17. 

FIG. 19 is a cross-sectional elevation view taken along the 
line 19-19 ofFlG. 17. 

FIG. 20 is a plan view of a typical control surface. 
FIG. 21 is a cross-sectional view taken along the line 2I-2I 

of FIG. 20. 
FIG. 22 is a detailed cross-sectional view of the trailing edge 

of the control surface taken along the lines 22-22 of FIG. 20. 
FIG. 23 is a plan view of the spar and ribs of the control sur 

face of FIG. 20 in its first-stage bonded jig. 
FIG. 24 is an end elevation view of the structure of FIG. 23. 
FIG. 25 is a top plan view of the second-stage bonding jig 

for the control element illustrated in FIG. 20. 
FIG. 26 is an end elevation view of the structure shown in 

FIG. 25. 














