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APSTRACT :\J In a discussion of aircraft assembly, the author points out tha'
rivets are not only heavy but also impair the structural property of an
sircraft because holes are punched in its walls., As a result, wedding and
are finding wider application in aircraft assembly. Boih techniques are
tearribed briefly and it 1s then ohserved tha' itheir only drawback fe tha:
“ie parts thus assembled usually need more extensive inspection. Finaily,
e author discusses the hermetic sealing tecinigue. Hermetic seals are
sssential for high-altitude flying. Three tvpes of seals are considered:
) Surface seal, where the sealing material is applied to the whole surta

o1y between the joints of the plates and between the rivets, scrows, ='c,
(%) Compound seal, a combination of the first two tvpes,! Oris, art, hac:
figures. Fnglish Translation: 7 pages. :
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ATRPLANES: ADVANCES IN ASSEMBLY TECHNIQUES

Advances In the Assembly Technique of Alrplanes, II.
Welding.Plastic Cementing.Hermetic Sealing

Wu Chen-wen

In the case of airplanes, a decrease in weight of 1 kilc has tre-
mendous significance. However, riveting not only increases the weight
of the airplane but ulso requires the drilling of holes on it which
affects the strength of the structure of the plane. In the future,

welding and plastic cementing will take the place of riveting......

OTHER ACCESSORIES

Supersoniec flylng adds many small adjustments to the alrplane. For
example, the position of the current adjusting cone in the 1ntake of
the engine needs to be regulated so that the formation of the "excitet
wave" 1is located at the most beneficial position. In order to increase
the efflciency of the engine, the area of the tail jet has to be con-
Linucusly adjusted. These minor adjustments can all be accomplicshed by
accessorles. The adjustments, however, have to be very precise., Devia-
tions of several millimeters are not permissible.

In addition, various other accessorles are also used in the plumb-
ing system on the airplane. For example, when we carry out a surgical
operation, the blood vesselz need to be clamped to prevent an excessive
loss of blood. When an airplane is 1In the process of major repair, it
1s also necessary to cut it in halves. When the front part 1s separated
from the rear without the 1se of clamps, the o1l pipes will automatical-
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ly stop the oil flow. Thls happeng vecause the "welf-scaling valves"
designed by accessory designers are functiconing.

If we had a cut 1in the skin, in a short time the blood will coaru-
late by 1itself. This 1is due to the action of the blood platele..: and
coagulin. When the pipe lines in on airplane are damaged, is it possit -
that fuel willl contlnuously flow to waste? No. This will not happen, wc
have our "flow adjuster" at work.

With the continuous rise in flylng altitude and speed, the wcrk-
ing condition of the pilot 1s also continuously turning worse. For x-
ample, at an aititude of 20,000 meters, the air is already relatively
thin. The pressure is only 41 mm mercury column which corresponds to
0.54 of that of the surface pressure on earth which calls for hermeti:
sealing of the cabin, a "caltin pressure regulator" and "safety valve
of cabin pressure" and, other accessories to saeguard that the pres-
sure in the cabin does not become too low. When the flylng speed reacn:.
twice the speed of sound, the temperature on the surface of the air-
plane reaches 117°F. If air at this high temperature 1is directly led
into the cabin, no pllot can stand i1t. This requires then a "heat di.-
sipator,”" "turbine cooler," "evaporator" and other accessories to excr
clse thelr skills.

we: shiall not mention any mcre examples here. In ali, at the tecir-
nical advances of airplanes to this date, the functlions of accessorlc,
have assumed tremendous Iimportance. Their deslegn and maaufacture have
tecome one of the most important componentes In aviation industry.
WELDING

According to the statistics made abroad in 1962: in the joining
technique used on airplanes in the world, welding constitutes 30%
while estimates for ten years from now would indicate an increase of
welding to about 60%. The extensive use of welding in aviation industr;
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dates sometime after 1955. According to newspaper reports there is

a2 kind of mid-air refueling plane which has 900,000 welding spots. A

Jet passenger plane has also about 30,000 spots. In some countries,
i the number of spot welding machines used in alrplane manufacturing | -2:
,g ' plants have increased four and a half times {.om 1958 to 1963. At pre- : -
{ , sent, on an airplane with the largest amount of welding jobs, the labor lA !
, sperit in welding has come to 70% of the total labor. In the assembling g
% of airplane parts, the main part of welding is spot welding and roll ‘=SE
% woelding. Welding 1s applied very extensively especially in the case of X
% the assembling of certain stalnless steel psarts. It has replaced rivet-
% ing. But, the inspection vrocedure of welding is more complex and the
% mastering of the welding technlique 1s also highly complicated. The
% whole picture is still that spot welding and roller welding are more
; economical than riveting. They also have the special advantages in the
§ better outward appearance of the aircraft and the airtightness of the
é cabin,
f Firures 1 and 2 show the equipment used in spot welding and rollér
5 welding.
f

. GRAPHIC NOT
|~ REPRODUCIBLE

Fig. 1. Spot welding machine.
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. 2. Roller weld-
ing machine.

PLAST1C CEMENTING

Tn recent years, plastlc cementing has
developed to be a new method of jolning which
has galned rapld advances in the airplane manu
facturing industry. According to reports: in
1944, structure of metal-to-wood joints have
been used abroad on bombers. Later on, this
type of plasilc cemeullng 1s also used on jet
airiiners and jet bombers. There is a bomber

model, the body and the wings of which are 90%

made of a honeycomb structure. Part of this honey-comb structure is

made up of two aluminum plates sandwiched together by a plastic cement

(Pigs. 3 and 4). The metal rotating blades of helicopters are classical

- examples of this type plastic cemented roneycomb structure.

The testing reoulrements of plastic cementing are more in number

and this is one of the drawbacks of plastic cementing. Most metal-tc-

metal jolints require such testings as fatipue, shear, and impact, et

(S

In the case of honeycomb structures, besides the above-mentloned test:

it has to go through some special testing such as rupture of the cover

vibration, etc.

In the process of plastic cementing, Inspection aork ' . f wtme

importance. In the alrplane manufacturling plante «f many countrles,

strict rules on the inspection of plastic cemented jolnts are estab-

lished. In the last few years, the use of supersonlc waves in the ln-

spection of plastic cemented jolnts s wldespread. But, in the actual

fulfillment of plastic cementing, the s'uple technique of hitting 1t

and listenling carefully to the sound it produces is still very much ii.

use by most inspectora.
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Flg. 3. One type of bomer the body
and wings of wnich are made up of
90% of honeycomb structures.

GRAPHIC NOT &
REPRODUCIBLE .., . ....... convics s

comb structure.

THE DEVELOPMENT OF THE HERMETIC SEALING TECHNIQUE
Ever since the appearance of a hermetically sealed cabin suitable

for flying at high altitudes, there also apredars a technique of guur-

anteeing the tightness of the sealing. Prior to thie, althouyh certain
parts of the plane need to be tightly seiled to prevent the rveepawe !
raln and water, tut the.e require only rather simple technijues. Lat: -
ly, the range of the appllication of the hermetlc seallny technique
gets to be larger and larger. The area that needs to be sealed also
becomes larger and larger. Practically the cabins of all military
planes and commercial passenger planes adopt this sealing technique.

The wings of many planes have become hermetically sealed fuel storage

spaces, which make them the integral fuel tanks (Fig. 5). Their common
characteristic 18 that through the use of the hermetic sealing tech-
nique and the necessary corresponding materials, the demand of sealin,

certain parts 1s met.

FTD-HT-66-799/102+3+u
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Fig. 5. The positioniry of the
integral fuel tank in the wing
of an airplane. A) An integral
unit of a fuel tank.

There are many methods of hermetically sealiniz an alrplane but,

in general, they may be divided into three kinds:

1. Surface seal: sealing material 1s palnted over already assc:

parts.

2. Crevice seal: the sealiny material is plugged into the crevio..

between the parts to be jolned or between rivets and uscrews.

3. Mixed seal: combining the two atove methods and carry out th-

sealing.
The airtight sealing of cabins Is accomplished by the mixed seu!

method. But with the continu s advances o o the technique of seallr -

and the improvement in the sealiny mate:ial the structural format ot

sealing is also continuously telng oinmpiified. For oxampile, the scal-
y ! }

ing of an integral fuel tank was rccomplished fn the past by pourins

the sealinz liquid into {t after the parts nad been rivetea,

wli (}“\21'1‘

to make the sealing liquid flow to every corner, !t wis necessary

rotate and turn the parts every which way and t-on

ing sealing liquid and the lunstde of Lthe parts uaded dro.

procedure {s very complicated. In the

the sealed integral unit of fuel tanks has become very simple. In

cases, an aluminum envelope or sealing plastic fllm 1s installed on tiv

riveting rod. In other cases, a pure aluminum rgasket s installed

the rivet. To insure airtightness under simple structural conditlions
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Io one ¢ the most important developments in the assembly tecnnlque of

airplanes.

In addition to the above mentioned advances 1in the assembling

EVOS—————

techniques, soldering has alse beon very widely applied to the onell ’
of airplanes. The principle of soldering 1s to join the meltiny colder § #
to the non-melting metal base. The solder 1s made of such colored mc-
tals as copper, silver and tin. Soldering is one of the forms of makin:
a joint which has been mastered by our ancestors for quite some time.

Iri the manufacture of airplanes, it 1s used in maklng electrical con-

nections of wires, and control systems. [t has alco been used in the
manufacture of heat dissipators and low pressure contalners, etc. Re-
cently, soldering has also been develioped to make Joinis of structures
of stainless steel and heat resistant sandwlch structures. But, sum-
marizing all aspects, soldering still lags behind all the other forms

of making a joint. We _shall not go into the detalls here.
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