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The Proving Process 
Bu GUt)VJ» C1.1 111T illi\' II. n. FOO'l''I'IT 

"A long period of testing and 
development is necessary to see 
whether the aircraft will be 
satisfactory as a fight i n g 
weapon." 

-Lo,·d Alexande,. of Tunis 

JUJ\'E 25, 1950. On this memorable 
date, the rumble of tank treads 
echoed around the world. For the 

uneasy peace of the cold war h ad been 
broken. ]\' ow the tide of the So, iet 
cquippe<l forces of . ronh Kore:1 swept 
o\'er the 38th parallel a nd engulfed 
their southern neighbors. In about a 
month ·s time, the United N ation ·s 
forces were clinging to a slender beach­
head, the Pusan perimeter. 

O n the other side of the world. the 
Korean war was soon to cause another 
crisis. With the signing of the peace 
treaty that silenced the Lancasters and 
Spitfire~ of World W ar II, the British 
go\'ernment had decided "not to take 
a major step forward in the re-equip­
•nent of the Royal Na\'y and the Royal 
Air F ore<: with new front line aircraft 
until about 1957.'' But the Korean l{nh 
had turned the t:1hles. War was upon 
the world again. And the Briti sh wne 
to learn the stern lesson that modern 
air power cannot he quickly cn::1tcd 
from a11 airplane Jcvelopmcnt policy 
that limit~ new aircraft to one or two 
protot ypc.\ for trials. True as this p ro­
tot ypt prc, \·i11g procc~~ was hdon: 
I litler ki 11dlt:cl Wc,rlJ W:1r II in thl' l.,1 c 

l 'J3(1"~-a nd the British had ample 
proof from the successfu l Jnelopmcnt 
of the ir Spitfire fighter by such a 
scheme-it just d id not work in the 
early 1950"s. 

Overwhelming: In the decade be­
tween the sta rt of the Second \Vorld 
\\' ar and the Korean crisis, the com­
plexity of modnn air power had pro­
,,:n.:ssed by leaps and hounds. To try 
and dc\'elop a com plex fighter, a large 
airl iner, or a big bomber using only one 
or two prototype models, in this day 
and age, is a hopeless proposition. l t 
takes too long. A s the Honorabk Ralph 
Campney, :vlinister of l\'atio11al De­
fence, reported to Parliament last year, 
referring to the A Yro CF-105 supersonic 
fighter that is being designed and built 
for the RC:\F, "i\ number of pre-pro­
ducticrn models a re being ordered for 
mm prehensi, e tests and development. 
This will ensure a sound operat ional 
configuration prior to full production 
and should rtducc considerably the 
O\'erall time from design to prod uc­
tion of a ircr:ift for squadron use." 

The old prolotype proving process, 
that precedcd the modern pre-produc­
tion method th:H Mr. Carnpncy referred 
to, has hc:cn desnihcd by General H. 
H. Arnold, former C hief of the U.S. 
.'\rmy Air Forccs. l n the uld chys, the 
military minds pinned down the spcci­
lication n ·qlli rt·11 ,n1ts. and then held 
., , ln ign ' "lll JKli 0 1,,n. F rom the 11u111er-

ous pr-0posa ls sullln itt tt! the :\ir Foret· 
sclected the om· that C:llll l ' d oscst to 
their req uiremcnt. They then let a rnn­
tract for 011c experimen tal pLi ne for 
test. .-\ s General Arnold said i11 his 
book W i11gcd Warfare, ''It wil l re­
quire, for the simplest typt:. the singlt: 
seat fighter. at least si:-- mc,11ths to 
bu ild this cxpcri rncntal pl:111<.:. For the 
hea\'y bomber or multi -rng inc l igh ter. 
from nine month, to :1 \'t:c1r w ill }!Cll · 

c:rally elapse." 
So about ont year later thl' :\i r Forn­

took ddi,·ery of it s sing le protolYi'C 
plane for preliminary flig ht tests. If 
the trials \\'Cre successful. wi thi n 
another year a further co nt ract ,,·,Hild 
he ncgotiatcd fo r as many as I.) p rt ­
production pla1H:s for sen·ice triab. T hl' 
first one of these should he del in :rL·d to 
the LJS .-\.AF's flight tt:st scction io r :1 
thorough wringing out. \\'ith simubtcd 
combat missions. which usua lly ad ded 
up to sorrn: 150 flying hours. If the a ir­
craft w ithstood this ordcal then a pro­
duction contract was signed. Soim 
largc numbers of the nev.r J·igh tn . 
iiomhcr. t ransport or trainer would /lo\,. 
into tht: opnational squadrons. And 
another milcstone would pass in th e 
build-up of modcrn military air powcr. 

Rude Awakening: But the wming 
of World \-Var II quickly hlastcd this 
leisurely prrn·ing process to picre~. 
Mmt;111;•s, T hundnhohs a11d Lihcr:1 tors 
were rnp iircd i11 :, l111JT). For ( ;crn1a11 



aircra ft production \\':1s \\'ell :uh·:1nccd. 
:111d Hit.kr's Sruk:1s .11 1< \ \kssaschmitts 
\\·ere horin,! through the .\ \\;~d :1ir 
spare almost at will. .\\ lied productio11 
lines began to churn out c~isting types. 
. \nd new air pl:111es. or major modifi ­
cations to e~isting 011es. were ordered 
into quantit\' production right from 
the drawing hoards . 

This ne\\' pru<.:ess ol' ordering 11ew 
models in the thousands. hefore the lirst 
:tirpbnc h:1d tlown. <.::tused a n111nber 
of headaches . \[ilita ry :1nd ci\'il test 
11ilots !le\\· the early aircraft lite rally 
:1rou11d the ,lock struggling to "dehug·· 
the t ypc hdore the prodrn:tion process 
disgorged hundreds ot' useless aircraft 
from the end ol' the li11e. Engineers 
\\'orked m·enime 0 11 co rrecti,·e modi­
tications. Drop hammers sounded t'a r 
into the night .. .\.nd tinally " 1110Jilic:1-
rion center" hec1me a new term in the 
language oi prod uct ion. For it was 
found that it \\·as easier to let the pro­
duction line flow. a11d wheel the new 
ho111her or tighter i11ro a modilication 
line to correct anv deficiencies. rather 
tha n trv and do the correct ions in the 
fl ight test h:rngar or on the production 

factory floor. 
But all this \\'as a costly h11si11css. So 

.ll the: end i'I: the: w:1r the: fist of the 
c:c"·crn 111,·11t ·, Treasury Hoard tightened 
011 the ta:--p:1\n ·s tithe. The result \\':IS 

th:•t air forffs. gencralh ·. tc.:11ded to go 
lnck to their pre-\\'ar prm ·ing process 
for new ai rpl:111,·s hv o rdni11g a few 
prototypes. l lo\\'C\'CL :1 d1:rngc i11 the 
,1irpl:111t·s themschcs had mn1rn.:d. 
They had hn·rn11e exceedingly complex 
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.~:1dgets that demanded a lot of test 
1-lving to get them to operate efficiently . 
. \nd no one seemed to realize it . 

Bits and Pieces: fan Rankin. Man­
ager of the Garrett Manufacturing 
Corporation of Canada, and represen­
tati\'e for the AiResearch divisions of 
the G arrett Corporation-who make air 
<:o nd it ioning and other equipment for 
111a11y Canadian aircraft-pointed out 
to me recently. ''Many people do not 
appreciate the fact that an aircraft is 
composed ot many pieces of high ly de­
,·doped eq u ipment- more than e\'er 
bet'ore. And the operation of each piece 
ol: this equipment is ju st as important 
to the efficient functioning of the a ir­
plane as the airframe and engine." 

bits and pie ces 

R-\ l\.' k[l\,"S word s are right. The 
~ost of a complete aircraft today 
~:111 easily break down into as 

little as hal f for the airframe and 
engine. and the rest for the installed 
c.:quip rm: nt. In the early war years the 
:1irl'r;1me and engine accounted for 80 
to <)()~ , .. So it is readily apparent that 
·s e ha\'e added far more functionin" 
items that must be attuned together t~ 
m:tke ful ly operat ional aircraft. The 
onlv wav that this can be done is lw 
hu iiding, up flying hours. I n oth,ir 
\\'ords, the complete airplane, with all 
its installed equipment. must pass 
throug h a 11ro\·ing proi:ess of air 
rrials. There is no substitute or short 
,ut for this extensive Hying. correcting;. 

an<l rerlying process if Wt: want ~o 

ensure efficient. fu nctioning air planes 
before they go forth in to c i\·il or m ili ­
tary service use. 

f II Febru;1ry of last year the British 
Minister of Defence an<l the Minister 
of Su pply tabled. before the H ouse of 
Commons. a ·'vVhitc Paper'' to answe r 
the rising tide of dissatisfaction that 
was welling up O\'er Brita in 's air power. 
T he story they told o( the new Bri tish 
tig hters, the Hunter and the Swift, is 
typical ot the postwar deve lopment 
quandary. T he C.K. had formed her 
air force: re-eq11ip111c:nt policy so that 
only a few new airplanes of advanced 
dcsigns \\ ould be built. In this way 
they hoped to go ha..:k to the ir prewar 
policy ot' de\'eloping and pro\' ing a few 
prototypes. bdure orde ring large sc:ilc 
production . 

Under a Handkap: T hen came the 
Korean war. Hundreds of what were 
later to be called the Hunter and the 
Swift had ro be contracted for. .\s the 
White Paper explains: "The decisions 
of 1950-'il to order many h undreds nf 
these aircraft meant that while de\·elop­
ment was st ill in a \·cry early stage. tool­
ing up and other preparations were 
rapidly pushed ahead tor prod uction of 
swept wing ai rcraft w ith a la rge num­
her of ne\\' features. s11d1 as axial flow 
engines po\\Tr con trols. hca \' ier :1 rma­
me11t. :t nd othn more complicated 
equipmrn t. .\ II these had to he intro­
d uced and dc\'doped together. They 
had to he tested concurrently. Modi­
ficatio11s to one 1·e,1ture often meant 
modifications to ma ny others. Thi., 
h<1d to b,· done unda the ha11dirnp 
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The Hunter and Swift programs 
went through the two extremes o f this 
proYing process. In the early stages 
there was the minimum cost. lon1,! time. 
few prototypes scheme that ,,~ns the 

standard in the late l 930s: later on the 
high rnst, short time. "order from the 
drawing hoard into production .. scheme 
of World \\Tar II \\'as essentiall y 
adopted. In this day of uncasy peace, 
this "age of peril " as P resident Eisen­
hower has called it, neither of these 
systems is really \\'Orkable. In the first 
it t:1kes far too long to dn·elop our air 

PHASE TESTED BY 

Contractor 

2 Customer 

3 Contractor 

4 Customer 

5 Customer 

- - - - --

6 Customer 

7 Customer 

power; in the second it takt:s iar too 
much money. So in the List fc\\' year s 
Britain. Canada. and the C .S. ha Ye 
adopted a mid-way house. This new 
process is nriously called the De1·elop­
ment Batch scheme in the U .K. and 
the Craigie-Cooke schcme in the U.S. 
In both cases the basic princi ples arc 
the same. 

Fig ure l shows the prc-\\'ar prototype 
scheme.:, the wartime r ull production 
system, and the nn,· preproduction 
C raig ie-Cooke or D eYelopment Batch 
scheme. In essence the modern pro­
cedure in,·oh·es lenin.1.: a preprod uction 
contract for some l ::; 10 50 airphnes 

TYPE OF TEST 

Airworthiness and 
functioning of equipment 

Preliminary performance 
and handling trials 

Tests on aircraft modified 
to correct design 
deficiencies 

Full performance and 
handling trials 

Hot and cold weather 
tests 

Intensive flying to 
prove reliability 

Suitability on typical 
operational missions 

FIGURE 2 
TYPICAL FLI GHT TEST PROG RAM 

1G 

before the lirst one h as flown . These 
ini tial aircraft ;irc ordnn! from produc­
tion t)'jll' tool ing. as rn111pared to the 
prc \\';tr hand built pototypcs. 1-lc,\\'e\Tr. 
the rate o f production is held at a lo,,· 
level for a pcriod of 11: to ~ yc;1rs. 
During this tinll' all ai r11la11cs built arc 
iunnc:lled into intcnsiH' test prog ra1m 
to determine their deficiencies. At somt' 
point during this pro,·ing process. and 
w h ile ,·ital moclifications arc still being 
incorporated on the low rate produc­
t ion line. the dec ision is made for 
all-out production. And in d ue course 
stepped u p p roduction begins. 

No Cure-All: It should he clear that 
th is ne\\· preproduction sch em e will not 
eliminate all the difficulties connected 
with the two prc,·ious deYelopmcllt 
procedures that it striYes to replace. But 
it certainh· can reduce the frequency 
and the magnitude of the problems. 
Enough dCYelopmrnt airplanes should 
be aYailahle for testing within ;1 reason­
able time without unrcasonahle costs. 
Yet there wi ll ah\'ays he some new ai r­
planes that Yary from th is bas ic con­
cept as .long as the art of aircraft design 
keeps penetrat ing beyond the frontiers 
of engineering knowledge. 

Once these prcproduct ion run ai r­
planes start flowing from the factory. 
the prm·ing pron:ss comi:s into play. 
A typica l framework for the phased 
testing of these early planes is shown 
in Figure 2. T he numher of fl ying 
hours required to complete such a test 
program will , ·ary widc.:ly \\'ith th e type 
of aircraft. and the type of problems 
that arise during the de,-elopment. For 
a simple airplane, such as a trainer or 
small transport. ::;no flying hours. or 
even less. m:iy be all that is necessary . 
For a large a ircraft. such as a transport. 
or a complex airplane. such as a lighte r. 
anywhere from ] ,(JOO to 3.000. or more. 
flying hours may he requi red . In any 
case, it is readily apparent that a num­
ber of test a irplanes are necessary. since 
the a,·erage comp:rny usually fi nds it 
difficult to get in m any more than 5 
flying hours per aircra ft per month 
during thcst early days. 

Outside.: of the direct 1·alue of this 
proving process, there are a numbc.:r o f 
useful by- products that stem from this 
systt:m. For example. \\'ith c.:arly plan­
ning and partial production tooling the 
a ircra ft manu facturer is able to main­
tain bettc:r continuity 10 his e,wineerin° 
;111d product ion dlorts: the final pr~~ 
duct. when delin·red tn the squadron 



Turning on to final-we were a little 
far out due to tht' strong wi11d-the 
Twin Bonan;,.;1 was easy to dril'c dowll 
the slot ro the run\\'ay. :\pproarh speed 
\\'as <JO mph. The "hook·· rc-commcnds 
an approach spcnl of het \\'lTn 80 and 
lJO mph depending on weather con­
ditions :md all-up weight. During the 
round-out to land. dri ft was kicked 
off hy rudder. and the airplanc settled 
firmly enough on its mainwheels. By 
using standard " trike'· technique. hold­
ing the nosewhecl off until elel'ator 
control was ncarh· lost. the landing 
roll was remarkabh· short. \\'e stopped 
w ithin 500 feet-and that \Yithout the 
use of brakes. 

Into the Air: \\'e set the airplane up 
for minimum run take-off hy lowering 
flaps to the fully-down position- 30 
degrees. \\' inding the pmYer up to 
maximum on hoth engines whilst 
standing 011 th<: hrakes is the recom­
mended ploy. Releasing the br;1kes. our 
Twin Bonanza leaped a,Yay like a 
startled antelope. Easing the nnsewheel 
off at GO mph. further back pressure 
on the stick lifted the whole :1irplane 
off at 65 mph accompanied by the 
intermittent hoot of the stall warning 
dc:\·ice, heard throug h the cockpit loud­
speaker at a spe<"d 5° ; above stall. 
By maintaining- this airspeed. the result­
ing angle of climb was steep, and an 
estimation put us at 50 fee _ a',;•.J::! : 
afte r a forward run of only 900 feet. 

Thereafter, we tried two flap-less 
take-offs, and the distance covered 
before unstick was more normal. 

Beechcraft quote an increase in lift 
of 31 ° ~ when flaps are fully lowered . 

Creditwisc, the Twin Bonanza is cx­
rcptional for short take-ofT and landing 
performance. Crui;e conditions at alti­
tude gi,·e a T .·\S of 197 mph and ;i 

1 JOO-mile range at maximum all-up 
weight. It has a high degree of pilot 
and passenger comfort. Power and air­
frame handling arc straightforward in 
all conditions of Right. All in all. the 
C50 is a \'try workmanlike and hap pily 
uncomplicated airplane. 

After an hour's \'ery pleasant flying. 
we returned to the Toronto Isla nd 
:\irport, and reluctantly parted with 
the Twin Bonanza. 

PROVING PROCESS 
( <:u 111i11rrcd f r om page J(,) 

or air line. has a better chance of heing 
technically up to date. rel iable. oper­
:nionally eflectin:. and therefore bette r 
ahle lo complete its assigned mission: 
\\·ith this longer test program and a 
number of test airplanes, there is a 
better ch:mce of getting more oper­
ational and maintenance tra ining. and 
more spare parts. consumption data fo r 
better logistics support. In a word. there 
is a bette r "balance .. to the whole de­
,·elopment process than eYer before. 

Human Element: Yet in spite of this. 
we must never forget that all we ha\'e 
established is a framework for airplane 
de,·elopment-a process for pro,·ing our 
air power in reasonable time at reason­
able cost. K. I rhitis, of the Preliminary 
Desig n Section :it Canadair Ltd., fee ls, 
however, that the question of personnel 

cannot he neglected. Says he, "The 
startling tliffercrll'e in clcn:lopment time 
for a certa in type of aircra ft, between 
the U .S.S.R. and the LS .. is propor­
tional to th<: efficiencies of their design 
and dl'l'elopmrnt teams." Since the 
Russians appear to deYelop a irplanes 
much quicker. he particularly em­
phas· ses h:1\· ing " creatil'e minded com• 
panics. established p redominantly lw 
men ,Yith Yi sion.'' He goes on to say. 
"lbsed on my personal experience, I 
can tell that in the U .S.S.R. most of 
the companies are established :md led 
by experienced aircraft designers." 

So the pro,·inl,! process we ha\'e estab­
lished "·ill only be as good as the 
manpo\\'er we haw to support it. l\fore­
m ·er. in these clays of pe:ice, u neasy 
though they are. there is alw:iys a ten­
dency in democratic nations to try and 
cut the costs of aircraft deYelopment 
to the \"cry hone. So unless we are carc­
fu i we \\'ill tend to dri ft back to the 
pre-war prototYpe system. o nly because 
it costs lc:ss. Then the "long period of 
testing and dn·elopmrnt". that Lord 
Alexand <;: r mentioned to the H ouse of 
Lords. will become in fi nite and our 
new air power obsolete in the process. 

The best g uiding principle that I 
have come across in this respect is a 
statement by the well known Lockheed 
test pilot Tony Le,·icr in his book 
Pilot: "[ haYe always said. and I .,up­
pose most people r('a/i;:,e it but fo rget 
it, that when vou are dealing w ith 
experimental ( mi litary ) ai rplancs you 
are dealing with something tha t can 
mean an awful lot to the secu rity of 
our country 
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