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The Aircraft Growth Factor 
B!J GROUP CAPTAll\1 II. FOOTTIT 

"An ai.rplane isn't really built; 
it is a process of evolution." 

-Ediuarcl F. B11 don 
Chief En_qi11eer, 
Dou,q/{1s Aircraft Co. 

IT COULD only happen in pre-war 
England. The time was 1934 and 
t11e .drawing office of The Bristol 

Aeroplane Company were working 
hard on a new rnvin-engined airliner, 
the Model I 43. At the same time Lord 
Rothermere was shopping around for :i 
super~fa~t person:il <transport. He dis­
covered the Bristol design. Wit<h :i 
cut down fusebge :incl more powerful 
Mercury engines in the 143, and his 
Lordship ,v:is sold. The redesign got 
undcrway. 1:hu, in l lJ3'i Lord Rot,her­
mer(''s personal tran9port roared into 
the ai,r with the challenging n:ime 
Britain Fir.u painted on rhe side of t1he 
fuselage. 

Fol,lowing tihe usual Britis'h prac,tice, 
the :iircraft was flown to Marti!esh:1m 
for its airworthiness trials. Here 
oAin:rs of the RAF's Air Ministry 
heard stories of the outstanding per­
forman ce of 'the Britain Fir.</. Reports 
trickled back ,to headquarters. Finally 
the RAF asked Lord Rothermerc if he 
would lend them the airplane for fur­
ther tests . In the best spirit of L:idy 
Housron, who. a few yea rs before, had 
donated the Schneider Cup racing plane 
to rhe gm·ernment, Lord l{orhermerc 
graciously gave the Rritai11 Fir.,t to 
the nation. 

Just the Beginning: From this mag­
nanimous seed great airpLwes we re to 

grow. The RAF tria ls on the transport 
led to ,1 specification for a f:1st bomber. 
Briswl redesigned 'their a irplanc. Tht: 

result was the Bri~tol Blenheim bomber 
of World War II. Trne to the tradi­
tion t'hat there is always growth jn 
every good airplane, the Blenheim 
went from one "mark" to another. 
There was the original "short nosed 
Blenlheim' ', the "long nosed Blenheim' ', 
•t'he Canadian "Bolingbrcke", and 
others. 

The continua,! grow~'h of ;i good air­
plane, such as the Rlen'heim, has been 
repeated 01·er and over again. Spit­
fire fighters, Lancaster bo1Jnbers, Con­
stel la rion 'transports, Canadair Sabres 
( which are IlO'W coming out as Mark 
(,s ) , and A no Canucks are examples of 
good airplanes which have grown. Yet 
in spite of this historical handwriting 
on the wall, it is only now being recog­
nized that the des·igner should ha 1·e 
this growt'h factor ·in mind right from 
the beginning. W. E. vV. Petter, de­
signer of ·vhe Folland fighter, ,the Gnat, 
told a production conference a few 
years ago t hat, from ithe very first l ine 
on paper, "the designer c:in help by 
des igning for modification.•· 

True as th is concept is, it dl)l'iously 
takes more than a designer wirh a 
growth phc1hia to ensure growth. The 
soil must he right, too. From looking 
ol'er the fidd of successfol airplanes J 
be liel'e that ,there are at least four fac­
tors that ferti lize for future growth. 
These arc: (a) a correct ope,:1tional re­
quirement and concept of the airplane 
to meet ir; ( h ) a basic de,;gn that is 
adaptabk 'lo change wi,ih ,Jut having w 
scrap el'erything that has gone before; 
( c ) extensi1·c tests in the wind tunnel 
and on ground test rigs so that as 
many design deficiencies as possible can 
he soNcd out a, soon as possihle; ( d) 

a quick recognmon of any defects 
early in 'the fhgh1t ,test program so .rhat 
they can 16e rectified in a hurry. All 
these factors are readily recognizable in 
the early l,if,e of the greatest of all trans­
port planes, rhe work horse of the air 
world,.,the Douglas DC-3. 

Number One: \\Then the company 
laid down the specification for the first 
airplane, the DC-I , t hey •d i<l •it , as 
Arthur E. Raymond, Vice President 
for Engineering has said, "in an atJmos­
phere compounded of equa:i parts o f 
optimism and ignorance." Nel'erthe­
less, the company had a firm grip on 
what was wanted. Thc'.y designed 
from t'he beginning for passenger com­
fort with a spacious, soundproofed fuse­
lage. Jn addition ,rhey ~tressed safe ty. 
and planned on enough power in one 
engine so the aiPplail'C could take off 
and fly herween two airports ih:il'ing 
an ele1·ation of 5,000 feet, wi rh a ter­
rain clearance between !hem o,f 7,000 
feet. 

\\Tith this requirement ;rnd concept 
the basic design was made adaptalik 
,to change. And chan·ges came whik ·i t 
was still in t'he blueprint stage. :\s i t 
ultimatelv turned out, the first ai,rcra ft 
t ipped the shop scales 30° ~ Ol'er esti­
mated weight. J.t could nel'er haw met 
the performance demands w ithout two 
major developmezrts that arril'ed on the 
scene and were incorporated in to the 
partly built airplane. These two, 
which were completely unpredicted a l 
the time oi t he specifica,inn. were the 
l':triable pi tch propeller and a n eng ine 
of higher horsepower. Toge,~her they 
p u ,j I e cl the overweight transport 
th rough the single engine performance 

tests. g)_ 0 I/ 
Aft<'r th<· C.hc·1•tah-pow1•r<•d Anson 2 (L) ,·am<' 1h1• J:u·oh~-••n/,!in,•cl Mk. 2 (H), shown on Ma,·Donalcl Bros. wartime line. 



S pit seemed dc,tined lo live forever; Conste lla tion (Super & predecessor, centre; prototype, R) is ~till growing. 

In designing the D C-I, Douglas Jid 
an unpreceJ ented amount of test work 
for the early 1930s. Model, with three 
different wing types were wind tunnel 
tested. Then different tail, landing 
gear anJ tail wheel configurations were 
. 1dJcJ .111d went into the tunnel's blast. 
Se\'eral types of ailt:rons, and six dif­
ferent flap arr:111gements were tried. 
But the real pay off centred around 
stabil ity. CJlculations hJJ shown the 
stability to be satisfactory. But the 
tunnel .rests results disagreed. E\·en 
the Douglas (otnpany were la ter to 
;idmit that if they had not done these 
wind tunnel tests, the DC-I would 
probably ha\'e been unstable and gone 
to the scrap heap. .\ s it was, they were 
able to fin d a satisfactory set up of 
general configuration, w ing swccpback, 
and cen'ter of gravity position-rhough 
different than anything that had gone 
before-that was high ly satisfactory. 

Attention to Detail: A simib r pains­
taking, detail check went into t'he cabin 
layout mock-up. Finally the airplane 
was fin ished. It 1-irst flew in 1933. De­
h(iencies in the des ig n were quickly 
recognized. .-\ •remodeled DC-2 flew 
a year later, with a number of (hanges 
incorporated, including a 40 inch ex­
tension in the fuselage for better bal­
ance control and more passenger space. 
The lengthening of rhe fmdage was 
furthe r indication of the Jchptability of 
the design. However, rhe DC-2 flight 
tests convinced the company that more 
mo<litications were necess.1ry bdore 
production. T hus the DC-3 was born. 
two years later. It was able to better its 
sister, rhe DC-2. by being ;ible to carry 
one and one halt times the load for a 
gross weight increase from 18.560 lb 

to 25,200 lb. 
If this gross weight change can be 

taken as the growth factor <lu•ring de­
velopmel1't, then from DC-I to DC-3 
the growth was 6,600 lb. This was 
stretched out over a three year period . 
Consequently. as a percentage of the 
original DC-l weight, the average 
growth per ye:ir was about 12~ ., . So the 
right airplane concept, backe<l by an 
adaptable design, extensi\'e tests, and 
rapid recognition of design deficiencies, 
and the DC-3 type transport was able 
to absorb this 12~~ annu:i l growth dur­
ing de,·elopment. 

T 
the harvest 

HE SUCCESS of this proml­
ure c:in be judged from the pro­
duction record. The company in­

itially planned the tooling for a run of 
50 airplanes. This was a daring decision 
at the ~ime. But th·e DC-3 was so 
successful that i•t threw aH competi·tion 
off balance. Ukimately some 700 com­
mercial transports were built from this 
tooling and duplicates of it. Then 
the war came. And nearly 10,000 mili­
tary cargo Dakotas swelled the produc­
tion tide. 

.-\!though the DC-3 and Dakota ha\·e 
been con ve11ted for such roles as a 
radio trainer or a navigation trainer, 
most of their total life h:is been logged 
in the transport field. Thei r produc­
tion growth has, therefore, almoYt been 
exclusively confined :co this area. O ther 
aircraft have changed roles with wi<le 
abandon, as they left the prototype stage 
for a .Jong production run. This 
ch;rnging role is another type of 
growth that the designer must keep be-

fore his eyes from the earliest drawing 
office <lays. Here, a typical case is on 
our very doorstep: the Avro Anson. 

Early in 1935 the British aviation 
magazines were reporting the first 
fligh ts of a new twin engined transport 
tha t had been ordered by Imperial Air­
ways for long distance .:harter work. 
This was the A. V. Roe, England, 
~[odd 652. .-\bout the same time the 
R.-\F observed that the 1:ewer civil 
airliners had stepped up performance 
o\'er the standard milita•ry craft. Con­
sequendy vhey decided to write a spe­
(ification for a coastal reconnaissance 
airplane t hat could be built from the 
conversion of a ci\"il type. By this 
means they hoped to cash in on the 
civil success. and get 1irplanes 111 a 
hurry. 

A Career Begins: Soon proposal 
brochures were being scanned in Air 
Ylirustry offices. A quick evaluation 
was made. Shortly after a contract 
was let to A. V. Roe for a reconnais­
sance version of their Model 652. By 
the end of 1935 ~he order had been 
sealed for 174 airplanes. This was the 
.-\vro Anson. 

The Anson was soon flying in R.-\F 
squadrons. Then came World War 
II. And from this point on, one 
branch of ~he Anson's h·istory is etched 
in rhe annals of Canadian aviation. I 
:isked D. A. Newey a•bour the Canadian 
Anson story. Mr. N ewey is presently 
with Bristol Aircraft (Western) Limi­
ted ( formerly MacDonald Bros. Air­
craft Ltd.), in Winnipeg, but during 
the Anson program he bore t he heavy 
res,ponsibility of Production Supervisor 
with Federal Aircraft Ltd., a Crown 
corporation set up to administer the 

Wasp-powered Anson 5 's tluring assembly (L) al )lacDonuld Bros. and in flig ht ( centre). Right is a postwar l\'lk. 20. 
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contract. Doug. J\:ewey poured out a 
fascinating rale, we.II spiked with diAi­
cuhies. ,both technica l, logistical. and 
pofoical. 

From the a ircraft growth side, Cana­
d ian production got underway \\'ith 
the .\nson IL now conYerted to a train­
i ng role instead -of reconnaissance. T he 
airplane was essentially a copy of rhe 
British Anson with a number of 
ch:rnges. The major ones were the re­
placement of the British Chee'tah 9 
and JO engines with American Jacobs 
LGMH's, and 1the mcorporation of 
power to the landing gear re t'raction 
system, ·instead of t he torturous hand 
operated gear. The first Mark II was 
ddi\'ered into the A.ir Training Plan 1n 
rhe spring oi 194 l. Before the pro­
gram finished. 1832 Anson Il's were 
rolled from production Jines which 
were fed by rhe web of Federal's asso­
ci:ited compa nies_ stretching from co:isc 
to cu::is t. 

The Mark Five: But th i, \\'JS just the 
beginning. " \Vith •the sh rJrtage of ma­
terials. particular1y steel and alumin­
um.'' says Newey, "it w.1s decided w 
invest igate the possibilities of manu­
factu r ing a satisfacrory fuse lage for the 
Anson out o f -laminated plywood. After 
some.: experimcn'l'at·ion t his was success­
fu lly accompl ishe.J and the A nson V 
came into existence. In addi tion we 
suhstituted ,rhc Pratt & Whitney Wasp 
Jr. engine for the Jacobs.'' All in all, 
ncarly 2,00() of this trai,1cr were pro­
d uced, at a rate that finally pe:iked at 14 
airplants d el ivered a weck. All these 
camt out of tihc only assemhly plant 
in operation at tht t ime, MacDonald 
Hrm. Th(l11g h war's ('nd fi n:il lv 
lm,11.t.d, : tl ,,. ,, ,il :t;iry . \1 is1111 1>r<od11n ic.;, 
I P , I \l 1 >p. d i( ' . I ll p l. 111< ;.!JO\\' tl1 , : il l \ \'t: llt 

o·n. As Newey points out. ··i t is inter­
esting to note t'hat the Anson V, \\'ith 
some mudifica l'ions in fus:::-lage equip­
me nt. is still in vperat ion in \'arious 
parts of Canada. mostly as a bush ,;rans­
port. but in one or two casn on sched­
ui!cd airlint service ." 

This. rhcn. is the record of one air­
craft's growl'h . A growth th:it in­
clLHkd structural changes. and ran the 
gamut from ci\' il a·irliner. to a recon­
naissance plane. ,then ·:i tr:ii ner, and fin­
ally hack -to its origin:d occupation. 
And who knows- ~he Anson ·s growth 
may not he O\·e r yet. 

11hc re is no doubt that a design 
team, struggling with the detail de­
sign of a new airplane. could never 
\·isualize and allow for such growth 
as fi nally blossomed in the Anson. St ill 
there a re se\'eral sign JlO!;tS along the 
design h ighway that point the way fur 
general growth putenria•l in the basic 
s-tru·ctu re. 

room to grow 

I 1'' THE FIRST place there is 
the use of design ingenuity 111 

the struct ural layout. Since the 
cxpensi\'l: tooling is usual ly t ieJ ·in with 
the ,fuselage.:. w ing, ·tail and landing 
gear structure. any growth changes. · 
which must be economical, should have 
the .minimum effect on the stressed 
parts of rhese componen ts. This does 
not mean that the basic structu re wun'-t 
change o ver the life cycle of the air­
·plane. But it does m ean that each 
major step shou ld he a relatively small 
one as fa r as the stn1cture is concerned. 

An example of th.is design ingenu­
:1\ i , rh,· s1r;i:gh: ,cctioncd 111,chgc of 
11 1. 111~· ll H 1\k111 r :.! 11 -..11p r h . f :\" kn:p:n~ 

the fuselage cross section u1,llurm oYer 
m uch of i ts length, there is not onh· 
an excellent passenger cahin. hut, more 
important from •the growth \'iewpoin,. 
it is possible to adJ in ;1dd itional fuse­
lage bays, wirh m inimum s,ruclllra l 
ch:inge. :is the design g rows. Some 
p-res,:ent day airliners ha\'e had two or 
more of tihese sect ions added as the 
fusdage has been lengthened throu).rh 
several model changes. T here may he 
an :ierodyna1nic foss with a constant 
cross section:il fusehge. But it is bet­
ter to accept th is and keep the d oor 
<}pen fur a ,lung. profitable productio n 
run. 

l'here is also the possihility or de­
signing the structure for a hig-her gross 
weight than initiall y cuntcmJ>latnl. 1 n 
this way many m odifications can Ix: 
addtd. as the airpla ne grows hca \'in, 
withou t changing t he basic a irframe. 
But this is a two eJ\!nl sword. Any 
des ig ner 1h:n takes it !itc r:ill v can t:tsi l;· 
end up wirh a he:1\' )' a i;pL111e tha·t 
carries little pa yload. 

Competitive F actor: Ahout ,the onh 
cr.itt-rion ror judging. in general term;, 
such a growth allol\'ancc scheme for 
commercial a irplancs. is to assess th r 
allowance against a ·•competi ti\'e fac­
tor." I n other words, wha,tever the 
airplane has to compe te with, will 
limi,t the growth allowance in t,he b lue­
print stage (Figure 1 ) . For a -la rge 
t ranspor,r ai•rplanc, heing designed fo r 
t he.: hlue rihbon airlines on t,he t rans­
Atlantic or trans-Continental ru n, there 
is 1prnb:ibly very li ttle initial g rowth 
allowance possible . The route is too 
rompctitive. On die othe r h and. 
thtrc arc Ford T~ri-rnotor , . of the !.,:,· 
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tion of a new runway at RobcrYal 
Municipal Airpont. Mr. Marler noted 
that the DoT operated more than 100 
of these and assisted financially "or 
otherwise" at ;1 grc:1t many others. 

CESSNA 172 

( Co111i1111cd from page -I J ) 

threatening to do all day. 
Reluctantly we slid into the circuit 

behind our Twin Bonanza friend. The 
circuit speed which feels comfortable 
is 80 mph with a progressive drop 
off to 65 on finals. The wind on the 
long runway at the Island Airport 
was 30 degrees cross and gusty to 
boot, so an "over the hedge'' speed 
of 60 mph was maintained. Recom­
mended runway threshold speed is 50 
mph. There is very little round-out 
required on this airplane, and we 
"landed" rather carelessly about three 
feet above the ground! The under­
carriage withstood this treatment 
handsomely. After lowering rhe nose· 
wheel to the runway, the 172 stopped 
in prac.tically its own length. This is 
not as unbelie\'able as it would at 
first seem. 

Powerful Elevators: The nosewheel 
can be held off -the ground down to 

VOKES 
.. ~~~- ~~ ..... ~ .. - ,..i;.-tt .. :,.,-

1·ery low forwa rd speeds due to good 
elevator efTectiveness. Bob \Vong de­
monstrated tbs most YiYidly while 
proceeding -oYer the grass ,to the r.amp. 
At fast walking-pace taxi with :half 
elevator up, ,the nosewheel rose off the 
ground. 1N e covered a few hundred 
ya rds in this uniqne attitude before 
reaching the ramp. 

The most interesting feature of the 
172 is, of course, the tricyclf'. gear, 
and undoubtedly Cessna's have dom 
a good job with it. As usual, the 
fly ing public knows what it wants. and 
in -this case has got it-with a tricycle 
undercarriage! The docile ground 
handling of this aircraft will, I am 
sure, commend it to all pilots. 

Cessna 's predict -that the 172 will 
1101 oust the 170 from the market that 
is a\'ailable for this type of aircraft. 
But on only 30 minutes acquaintance 
wirh the 172, my money is on its 
being first past the post when -the 
reckoning is made. 

GROWTH FACTOR 
( Cu111 i1111ed from p,1gc 20 / 

1910 era, still operati;ig in South 
America. The only competition on 
scme routes there are ox-:arts or a few 

PIONEERS OF 
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automobi-les. An airliner or cargo 
plane designed to -operate over this 
count-ry may have a reasonably hrgc 
growth allowance righ t from the first 
dr:1wing. 

For military airplanes the growth 
allowance ·on the design gross weight 
still \'aries wi~h the commercial "com­
petitive factor'', <t:hough the latter is 
more c1early described as a "target 
maneu\'erability factor". (Figure 2) 
Such an airplane as the Canadair CL-
28, a redes;gn of the Bristol Britannia 
for the RCAF's Maritime Air Com­
mand, may have as a target a relati\'ely 
sluggish, slow maneuvering submarine. 
Hence, rhe growth allowa nce can he 
reasonably large. In this \Vay any new 
anti-submarine equipme1H that arri\·es 
during t'he life of 1the airplane can be 
added wirhout any major redesign of 
the structure. 

At ,the other en<l o f the scale are the 
fighters. For an all weather fighter 
the allo-wance would h,1\'e to be small­
er since the -targe•t can he a maneu\'er­
ini bomber. At the bottom of the 
curv('. .is the day figh ter . Here, the 
maneu\·erahili ty of ·the target, another 
day fig'hter, is at a maximum. Con 
sequently a good day fighter, the air 
superiority weapon, must have practi­
cally a zero growth allowance on 
weigh , if it is t-o comp:re ,with the 

VOKES (CANADA) LTD., 3801 DUNDAS STREET WEST, TORONTO Rt·presentcd throu,ehout the worlcf Vl9~ 
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~nemy. 
There arc other ways, too, ol° plant­

ing ,rhe scc<ls of growth at rhe <lraw­
ing board stage. Although I favor rhe 
"design ingenuity" approach, of the 
two mentioned here, in many cases 
and in many design <lctails both 
schemes may play a part. But o,~e 
thing is certain. Unless -the mo<lern 
design engineer starts wc rrying about 
the growth factor 6mm the first line on 
paper, it is highly unlikely that his 
brainchild will ever go through the 
"process of evolution'' that E<lwar<l F. 
Burton spoke about. For this process 
is the hallmark of the successful air­
plane. An<l there have been far too 
many of the other type, in the cheap. 
rom,;nric clays of aviation, which have 
now gone by. 

COMET 
( r:0111inucd from pag,~ 22 J 

ness. This l'ibrationless feature has 
been wi<lely publicizecl an<l cornmente<l 
on ever since the first Comet took to 
the air: nevertheless, it must be experi­
ence<l to be fully appreciated. 

The time from take-off at Downs­
view to touch<lown at Dorval was 1 hr. 
12 mins., which includes the time spent 
circling Toronto and Montreal in orcler 
to show the aircraft off to as many 
people as possible. No attempt at spee<l 
was being ma<le of course, and it 
should be kept in mind that all of the 
cruising flight was on two engines. 

False Alarm: The Comet was schecl­
ule<l to take off for London from 
Montreal on December 22 and while it 
did actually make a start, a firewarning 
which flashed immediately after take­
off. indicating a fire in one of the 
engine bays, necessitated a return to 

Montreal. There was, in fact. no fire. 
but a fitting on one of the tailpipes 
had faile<l, releasing hot jet efHux into 
the engine bays an<l setting off the 
nrewarning. It is understood that one 
of the undercarriage doors was also 
sprung as a result of the pressure build­
up of these gases. 

The aircraft was returned to the 
Toronto plant of DH Canada for re­
pairs. which were effecte<l without 
making use of the spares that were 
!town out from England. It should be 
noted that up till the time of this 
incident the ;tircra.fr had been recei\·ing 
only normal routine servicing through­
out its flight and the only maintenance 
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Piasecki's YH-16A Turbo-Transporter 

4 ,, .. 
I V YH-168 

ONLY THE BEGINNING 
~ IN THE LOGISTICS 
• REVOLUTION 

The new Piasecki YH-16A is the 
world's largest turbine-powered trans­
port helicopter, capable of the great­
est ton-mile delivery in rotary wing 
aviation: Yet it is only the forerunner 
of the ultimate in military troop and 
cargo helicopters. It is an aeronau­
tical fact-finder that is enabling 
Piasecki engineers to proceed to the 
final step-the YH-16B, a far more 
powerful turbine-powered helicopter 
with substantially greater capacity 
and speed. In addition to its internal 
troop and cargo carrying capability, 
the YH-16B can haul heavy tactical 
equipment externally as a flying 
crane. 

These engineering steps are leading 
to a logistics revolution-these heli­
copters will deliver more men and 
more material-in force-to tight 
spots where and when they are needed. 
Another example of where Piasecki 
is picked for the toughest jobs. 

ENGINEERS NEEDED FOR, DESIGN • AERODYNAMICS 
TESTING• STRESS ANALYSIS • AIRFRAMES 

Send resume to John Tannone, Jr., 
Employment Representative 
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