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The decision to comInit the I.eSOurCeS Of the Douglas Aircraf七Coxpany to the DC-8 Jet-

1ineI‘∴WaS annOunced June 79 19559 by Donald W. DouglasJ Sr。9 founder∴and bo卿d chaiman of

the coxp亀ny。

When the DC尋made i七s maiden fligh七May 30, |958, i七culminated 12 years of study

Of every phase of the je七tr亀nsport problem. There was no proto七ype airplane. The firs七

One tOOk to the air∴While assembly oper亀tions were under∴Way On nuhber 14。 (Fig. 1)

The DC∞8 assembly facility9 an integral par七of the Long Beach division9 unS Planned

SO tha七space would no七ixpose any li血ts on the mo6t efficient production methods。

This $20,000,000 f亀cility, firs七to be buil七for the exc山sive manufactuI.e Of com-

mercial je七transpor七s, embraces a total of more than 26 ac|‘es--Or l,143,043 square feet。

I七consists of two mssive buildings' One foI. StruCtureS aSSembly and the other for

final assembly? Plus three smaller service buildings9 a Pain七building large enough to

COVer the en七ire DC-8 and an adjoining wing-七a血sealing booth. (Fig. 2)

They are loc亀七ed on a 55 acre site diI.eCtly eas七of the main Douglas plant and ad重

joining the Long Beach Mhnicipal Airpor七。

PI.Oduction lines determined the size and dimension of the buildings。 The wide bays9

for examp|e’Permi七assembly of the svept-職ng as a single unit with only one splice on

the center line of the airp|ane。

LaI.geS七Of the two buildings is stmctures assembly---1144 feet long and 480 feet

Wide・ I七contains three equ亀l bays of 160 foot span。

The final assembly building is∴also 1144 feet long bu七has two bays’One 160 fee七

Wide and the other　200　feet.

Stmc七ures assembly is 57 fee七tall a七its highest poin七and the final assembly

building is 67 feet。 Both ends of the buildings can be opened by means of power-OPerated
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hangar type doors.

工n the produc七ion of the airplane9 1imi七ed use has been made of in七egI.a]-1y録Stiffened

Shee七9 Chemical血11ing or plastic paI.七S. Basically the proven me七hods of cons七ruc七ion

used in the DC-6/7 series of aircraf七have been car.ried over。

Long fa七igue life and fail-Safe assurance were the major struc七ural quali七y goals

in the design of the DC定8。

There are three comeI.Cial versions of t,he airplane including the domestic9 in七er-

COn七inenta19 and ex七ended range models. The las七two fea七ure increased wing skin gauges

and addi七ional s七reng七hening in o七her ar.eas to accomoda七e higher gross weights. All

VerSions have iden七ica| dimensions and u七ilize the same basic tooling。

Major∴reSearch and development at七en七ion was devoted to the wing r.oot design bo七h

aerodyna血cally and s七mc七urally. Conven七ion亀l bending loads on straight wings are trans-

POSed into bending and torsional loads on swept wings at the root sectiono This fac七or9

in combination wi七h the gust loading enviI‘onmen七at the alti血des∴亀nd speeds flom by

七he airp|ane9 brings fatigue life to i七s critical values in the wing root。 In oI.der to

eliminate joints and splices which contribute to fa七igue problems, Wing sp亀I. CaPS and

Plating aI.e COntinuous acI.OSS the wing roo七bre亀k station。

DC-8 inboard wing skins are stre七ch審formed across the sweepback and dihedral break.

Prior to for血ng on a four∴Way StretCh pI‘eSS9 they are stored at a texperature of血ms

thirty degrees F亀hrenhei七to prevent age-haI.dening。

These ten by fif七y foo七tapeI.ヰOlled AIc|ad shee七s are among the largest ever pro-

ducedo When they are ready for for血ng, a lifting device with suc七ion cups moves the

Skin into posi七ion on the press・ The entire operation from refI.iger亀七or to s七retch

PreSS is completed within two houI.S tO minimize noma| accelemtion of me七al hardening.

The wing skinsJ like the spars and other members’are taPeI.ed to provide血ni剛n

Weight in areas of reduced loads9 and mximm stI.eng七h in areas of heavy and combined

loading・ The wing skin is thickes七a七the I.OO七and across the fuselage vhere there a].e

high bending and torsional loads.
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The complex con七our of the airfoil stirface is shaped on the dies of the huge SheI.idan

four叩ay S七t.etCh press, the only one of its kind in existence. (Fig. 3) I七was designed

and built to Doug|as∴SPeCifica七ions a七a cost of three quarもers of a million do11aI.S tO

Perform this∴Single operation on each of the eight, imer∴Wi堰skins of the DC-8.工七wen七

in七o produc七ion in a r.ecor,d 120 days af七er the s七ar七of design studies.

On the press9 the sheet is gripped by fouI当aws while two trydmulically powered ’hold-

dom claxps fix the skin agains七spanwise movemen七〇　馳ch jaw pulls with a force of three

hundred tons tO Stre七Ch the airfoi| con七our in the area of the dihedI.al break.

After the contour is checkedl the skin is trimed and placed in an aging oven equipped

Wi七h two l?6509000 BTU gas burners。工t is anodized before i七is transferred to the wing

七ank assembly areao

The wing is fabricated entirely of 7075 alumirun a工|oy containing l.6% copper, 2.5%

mgnesium9 5o6% zinc and O.3% ch]‘Omium・ Al| shee七s’Of couI.Se9 ar.e AIclad on both sides.

In the domes七ic versionj lower wing plating is ro|1-七aPered from O.230 in. a七七he

root to O。064 in. at the tipo

The wing box beam I.e七亀ins Douglas l traditional three-SPar arI.angement and coxprises

a coxplete9 in七egr亀| fue| tar血. Spars h亀ve convention亀l shee七webs vith riveted veI.tical

Stiffeners and 7079ST forged spar caps at the inboard ends that are co叩letely machined.

Outboard spar caps aI.e maChined fI.Om 7075 ex七rusions。

Wing ribs are of fomed 7075S sheet with tab segmen七s along their pe].iphery. These

tabs∴are tied into the skins by clips milled from 7075S forgings。馳ch wing box beam

SeCtion is divided in七o fo町individual tanks separated by solid bu虹headse When the

七wo wing sections are joined with top and bot七om splices, a nin七h tack is cre亀ted by the

Wing junction. The wing ha工ves thereby create a coxple七e in七egral wing wi七h a血nirm

Of join七s and splices。 This design resulted in considerable veigh七savings over previous

COnfiguI.ations and greatly ixproved fatigue I.eSis七ance 。

During wing tank assembly oper包七ion' SPeCified areas are h亀nd fi|1eted with Produc七s

Research PR-1422 ThiokoI sealing coxpound. (Fig. 4) This broun pas七e cu].eS in about
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four hours at room tempera七ure。 This opera出orl, is accomplished in wing tank as'Sembly jigs

which are 80 fee七long with thI‘ee WOrking levels。 They can accomoda七e four∴Seもs of心ngs

siml七aneously9 eaCh of which can be dri11ed and rive七ed from front to rear∴SPar Wi七hou七

removal. For efficiency9 WOrking crews are al七ernated9 Wi七h dri|1ing opera七ions under-

way on one se七while rive七ing is done on the o七her・ An ex七ensive ven七ing sys七em assures

safe七y and comfort for the workeI.S. (Figo 5)

Af七eI. the wing sec七ions are assembledJ they are lif七ed ou七by one of the traveling

c耽nes of an ex七ensive network which can transpor七an assembly any place in the building・

Af七er placemen七in the trailing edge尋o-tarlk assembly jig, the pylons, trai|ing edges and

flap hinge fi七tings are a七七achedo

The sec七ions next are lifted ver七ically and moved in七o a hol‘izon七al posi七ion for the

joining of the right and lef七h包nd wing sec七ions∴a七the center line of the airplane. During

七he ma七ing of the wing halves9 the final tank sealing and testing is accomplishedo

A七this time the wing weighs 279610 pound?. From one cIosing bulkhead to the other

七he leng七h is 136 feet wi七hou七wing tips。 Range in chol.d of the wing is from 340 inches

七o 74 inches. (Fig。 6)

I七is then placed on a do11y to carry it ou七of the s七ructures building for movemen-t

to a separate building where OoOOl inch of pro七ec七ive top coa七ing is applied to the in-

七eriorI Of the tanks by a fil| and drain me七hode The en七ire wing is ins七alled on a mas-

sive tilting pla七form and the tanks are filledo Two hydraulic cylinders, eaCh wi七h a

diameter of 14 inches and a seven foo七s七rcke, ti|七the wing lO degrees up and down to

insure comple七e coa七ing of the in七erior。 Af七er the血x七ure of syn七he七ic rubber compound

and solven七is pumped ou七9 ho七air is circu|a七ed through the in七erior to cuI.e the coa七ing.

The wing had been checked for le亀ks previously by using.the s七andaI.d lIsoap巾ubbleII tech-

nique.

Ano七her measure to ex七end the fa七igue life of the DC-8 wing is demons七ra七ed in the

au七omtic drilling and riveもing of skin and s七ringers in one opera七ion on General Driv-

mati。 ma。hin。S t。 aSSure uniformi七y and even distribu七ion of s七resses・ (Fig・ 7) wi七h
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this type of construc七ion9 the entire DC∞8 wing ta出assembly becones a single struc血re

Of unique in七egrity and s七reng七ho The Na七io腿l Aeronau七ical and Space Ad血nis七ra七ionIs

rive七ing me七hod is used. (formerly NACA)

The DC弓3 incorporates the vell尋noun principles of Douglas fail書S尋fe design.工n

the tufula'r PreSSure cabin, titanium rip stop doublers (Fig。 8) reinforce the exter腿1

Skin a七strategic fI-亀nes and su耽ound every door and window. Among the fail-Safe features○○

Window fra血es are solid9 taPeredタand b|ow賢Out PrOOf and fabrica七ed from a single piece of

亀luminum stock 。

Where testing ha'S indicated unusu亀| stressesJ holes are coined to inc].eaSe fatigue

life by reducing s七ress concentra七ions。

High tension type fasもeners are used throughout七he DC-8 fuselage. Huckbolts? for

ex亀mple9 fas七en the window franes to the fuselage assembly.

工n a七七aching fuselage skins to frames9 StringeI‘S and doubleI`S9 the NASA rivet如g

method again is used・ This work is accoxplished by using Douglas-designed Manco Crispin

rive七ing machines. (Fig・ 9) These semi-au七Oma七ic mchines make a uniforn fastening.

whi|e a c|axping action holds the血embers toge七her under a pressuI.e Of |750 po調ds per

Square inch。 On the exteI.nal surface' rive七s are upset into coun七eI.Sunk cavities and

Shaved smooth。 Sealing quali七ies and fa七igue life aI`e grea七ly improved by this method

and there are no irregular.i七ies on the exterior of the c亀bin to cause drag.

In flight’jet engine noise is b亀rely audible fo叩ard of the engine tailpipes but

to the rear of the passenger coxpartment extensive weight pena|ties in non-StruCtural

SOund proofing would have been required if Douglas engineers bad not tried a new design

COnCePt。 Struc七ural engineers∴aSked themselves this ques七ion? IIsince mass of mateI.ia|

i§ being sough七9 why not use me七al for sound a|levia七ion in the af七section?一一

Fol|owing extensive tes七s this sixple concep七proved to be an ideal solution.工n

a11 DC尋Is the rear portion of the fuselage is |ined wi七h extra thickness pla七ing and

c|o合e|y spaced |ongitudinal s七iffeners of a fla七七ened hat-SeC七ion。 (Fig。 10) This

PI.OVed desirable because of the longer fatigue |ife ob七亀ined fo富the aft fuse|age with
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no increase in weigh七penalty.

The aft fuselage is covered wi七h 7075S「T skin? and the forwar.d area9 which is sup-

ported by conven七ionally spaced stiffeners9 is covered wi七h 2014ST skin. The stress

level in the aft sec七ion is only abou七one-half tha七of the forward ar.ea・ Skin gauges

in the for脚rd por七ion are typically O.060 in. and those in the af七sec七ion typically

O.080 in。 A minimm skin thickness of O.050 is used in the pressure cabin sec七ion.

The |ower fuselageタwhich is bui|七in two sec七ions? COn七ains 16 panels. The sec七ions

are cons七ruc七ed in an upside dom posi七ion and secured in turning I.ings to place them

physically in their proper positions。 They are transferred nex七to dollies before

movemen七to the fuselage joining line.

Special fix血res were a七七ached to the lower sec七ions duI`ing assembly. They are

used subsequen七ly through the |over half pick叫P,血m置OVer POSition, fuselage joining

line, fuselage ins七a11a七ion line, and ul七ima七ely the wing尋o-fuselage joining position・

Once a七tached to the lower∴SeC七ionsJ they need no七be removed and aI.e uSed to indexI

carry, handle, and suppor七the stmctures through all of the fuselage mjor posi七ions

plus the cri七ical wing and fuselage joining posi七ion.∴This concept is a valuable time

saver in production because it eliminates nonc-PrOduc七ive time? Changing tooling hand|ing

fixtures9 and also reduces the hazaI.d of handling these l亀rge sections to a mini皿m・

The upper fuselageJ COn七aining |8 panels9 has stretchrfoI.med? rOlled or ex七mded

IIZll transverse frames which are flush riveted to the skins。

Af七eI. COmPletion as a con七imous sectionJ i七is hoisted into position direc七ly

above the two Iower∴SeCtions in the mating jig and the fuselage is riveted toge七heI‘.

(Fig。11)

The nose section is mnufactu|.ed in three mjor sections8　1ower nose, uPPer nOSel

and cockpit encIosureo Material is O.050 inches 20|4ST t’hr.oughout? Wi七h the exception

Of a O。100 inch panel above the cockpi七〇

When fusel亀ge line movement reaches the nose sub-aSSembly area9 nOSe and fuselage

are joined together. (Fig。 12) The en七ire fuselage length at this poin七measuI.eS 125
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fee七。工t is |62。5 inches deep and 147。O inches w王de wi七h an upper cabin radius of 73.5

inches。 Iねdius a七the lower cargo coxpar七nent is 68。68 inches。工t weighs approximately

1990OO pounds, inchding the nose equipmen七i七ems。 This does not include doors, Windovs

Or fl○○r panels.

When this phase is completed’ the fuselage moves∴Sidewise to ano七heI. traCk and

七hrough seve関l fuselage ins七allation positionso　エt then proceeds∴r.earWard thI`Ough a

Paint booth where it receives appropriate ousltomer paint and markings。

Long Beach divisionls tooling section designed and buil七two fuselage dollies for

‘transfe耽ing the large a§Sembly from the s七ructures building to preven七s七rains on the

fuselageo　工t is moved by tug and tov bar with s七ee| cas七ers ]‘iding over∴a V track

岬elded to steel p|a七e。

After the fuselage has been moved to final assemblyJ i七is lif七ed on slings to

亀的it mting with the swept wing。 The relative ease wi七h which this is accoxplishedJ

in only a few血nutes? is one of the suprene tes七s of the production process and of

the design and too|ing engineering behind it. (Fig. 13)

There are 13 posi七ions in fina|的se血lyタtWelve within the assembly building and

One outSide where each fuselage coxp|etes a pressure check before going dom the fina|

b叩。 Each cabin is proof尋ested to 12。33 psi. A七norml opera七ing pressuI.e Of 8・77 psi

the ca.bin leaLkage r亀te mst not exceed 150 cu. f七・ Per血m七eo

Fo11owing this opera七ion? the airframe moves back into final assembly for addi-

tional installations and to ].eCeive i七s tail assemb|y。 Thi魯is an in七egral unit con-

taining l亀孤inated p|as七ic isola七ion band panels for HF? VⅢ and VOR flush an七emae.

(Fig。工の

Irregularities on contro| surfaces affec七aerodynamic characteristics of individual

亀irplanes。 They affect the s七al| characteris七icsJ for example9 and so they should be

kept to a血nirm。 At the Long Beach division such irregulari七ies ha▼e been reduced by

min七aining fu11 contour controI on the con七rol ourface assembly jigs.

An in七eresting production technique is exp|oyed in the trailing edges of the wing
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and controI surfaces。 As one exaxple9 a bille七of unexpanded aluminum honeycomb is mi11ed

in七o a flap vane temp工e七and expanded to full scale in a11 dimensions.工七is inserted in

七he for′med vane skin and bonded to provide a lightweigh七s七r.uc七ure of ex七reme rigidi七y

亀nd fu11y-COn‘trOlled con七our o

Smooth surfaces and closely fi七七ed joints are characteris七ic of all the s七ructures

in the DC-8 whether t’hey are large or smallo These resul七from higher mamfac血I'ing

s・ねndards than have been required for any pI.eViously buil七coImerCial airplane・

Equal emphasis has been placed on the developmen七and tes七ing of the sys七ems of the

DC-8. The extremes of a,1ti七ude and tempera七ure in which the airplane opera七es put new

demands on cabin pressure and air condi七ioning sys七ems. These were tested for more than

a year on a full scale pneumatic sys七emls mock叫pl and with c亀bin section6 in environ-

men七al chahoers.

Actua|ly9 teSt facilities can reproduce mo[.e SeVere COnditions than the DC-8 en-

counters in fligh七〇　An elaborate contro| sys七en jig allowed Dougl亀s and airline pilots

to tes.t the DC-8 trydraulic and mama| con七I.Ol foI.CeS for coordina'tion in a wideI. Variety

of flight load condi七ions than would be possible in an ac血al fligh七test program of

reasonable dura七ion。

DC-8 eleva七ors’which are mma11y con七rolled by cables' exploy spring con七rol

t,abs for aerodynamic boos七・ Hydraulic pressu]‘e COntI.OIs the powered rudderJ bu七血ech-

anica| control is∴轡utOma七ica11y available in the event’Of hydraulic failure.

工t is inltereSting to note that, during trydrosta七ic tests, Sim|ating more than 120

thousand flight cycles of take-OffタCruise and landing? a Single DC-8 pres弧re-cabin

withstood cycles of |oad exceeding |00 years of norml opeI.ation.

The Pratt & Whitney powerplan七s, 1ast major uni七s to be joined to the airplane’

are delivered to Long Beach by Ryan Aeronau七ical Coxpany. The DC義一s four turbojet

engines are available in thI.ee basic types, the Prat七and Whitney JT3C and JT4A’and

the Rolls-Royce Con岬ay by平ass engines・ The la七teI. is buil七叫P a七the Doug|as San七a

M°nica division。
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Ryan fa,bricates the engine py|ons∴and pods9 m蜜king extensive use of ti七anlum for

its 9uPerior∴Structura| streng七h and heat resist,ant PrOPerties.

Both pylone and wing center∴SeC七ions aroe assembled agaLinst mster gauges pI.OVided

ty the l)ouglas tooling departmen七to assure fit and interchange亀bility.

The co呼lex nose cowl and asse血blies con七ain the Doug|as-deve|oped antiヰcing

drcもs and the blov-aWay jet device for protection of the engine i重nPe|1er bladeg again8t

damge while taxiing or d耽ing ground mn叫P.

工n order to provide the aerodyn亀虫cally c|ean軸富face deI阻nds of the DC-8 designタ

七he titaniun確ins are spo七-Welded to eli血n亀te rivets and screvB fI.Om the cowl and pod

d○○軍容。

When the coxponents and accessories are assembled, the coxpleted engine pods and

pylon8 are inspected and approved ty ftyan’Douglas’and Federal Aviation Agency inspectors.

For七hree ye亀rs9 the Douglas co-甲亀ny engaged in the development' design and tes七ing

Of a conbination noise sappresso基and thrust brake for the DC-8. Nearly nlne hundred

Vuria七ions vere te8ted and the production version脚s selected on the basis of obtaining

the best bal阜調ce between sound reductionタthnlSt |ossタand dr亀g in a'n installation com-

Paもible竜th Douglas∴re|iability and s亀fety st亀ndards. Sound reduc七ion is acc〇億Plished

by the fluted p亀ttern of the engine exhaus七nozz|es9 in combination with the retractable

ejector。

Thmst bra粗ng is done ty rotating cla孤she|1-七yPe dooI‘S tO a C|osed position血th

the ejecto富fully ex七ended thereby deflecting tbe jet exhaust forward.

Each of the min |anding gears consists of dual tandem wheels nounted on a bogie

beamo Castered re亀r wheels give the DC-8 a turning radius of 91 feet.

Interiors vary with the individua| airline requirement冒。 The Doug|as Palom卿

uni七ized sea七ing provides passenger facili七ies which are built into the 8eat backs.

This offers the ultimte in paLSSenger COnVenience and in七erior flexibility.

Four Douglas-designed tur}bo compressors? |ocated forⅥard of the flight deck? autO置

血亀tically contro| teⅡPeratureS and pressurizaLtion. A most desirable and unique feat調e
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Of the interior is the radiant heating of al| side pa,nels.

After the airplane leaves final a'SSembly, it i§ tOWed to the adjacent paint shop.

After painting, it i魯・ready for check-Out Of all sys七em魯On the raxp prior to f|ight.

(耽g。1う)

Tho DC∞8 represent8∴亀leng七hy technoIogica| advance over present comercia| air-

1iner8? therefore the extremos of speed' altitude and texperatuI‘e in which it QPerateS

Place umsua| demnds on qua|ity contro| throughout the mnuf亀ctu±‘ing process.

The DC-8 Jet|iner uns designed by the engineering staff of the DouglaLS Santa

Monica divi8ion and they reta.in engineering responsibility for it.

Although engineering and prodrction responeibility are separated by a distance of

31皿|es? nO COOrdination difficultie8 have been encoun七ered by the thoueands of men

and women participating irl the progran.工もis a clear indication of the calibI‘e Of

outstandlng tea珊Ock whioh has been responsible for the production by Douglas of more

than half the co皿ercial aircraft f|ying in the world today.


