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AL

THE AUTONOTIVE INDUSTRY

Colonel Jordan and Gentlemen I am glad to have
the opportuanity of being here. I have no prepared lecture
to give you. I thought I might tell you that we appreciate
the problem you gentlemen have in this armament business,
and that 1t might be of interest to you to know why we got
the way we are instead of some other way,

Our whole business 1s built around the internal
combustion engine. The notor car, the acroplane, and all
of the types of things that we build start with the gasoline
engine. Therefore, what you can do with any given type of
thing depends on the economical type of power that you may
be able to use,

The history of the developrient of the gasoline engine
has been briefly thais le started out with a large single
cylinder engine with heavy reciprocating parts, and in nost
cases steam engineers did the original designs. It took us a
long time to come down the road before we began to realize
that a thousand feet a minute piston speed was not the best
thing for a gasoline engine, because the nature of the ex~
plosion, the expansion of the gas, etc. seemed to work
betler 1f we let them turn a little faster. wWe also found
that there was a very definite practical limitation to the
size of a piston. I am going to just touch this now and
then I wall come back and tell you shat we found out about
1t. Around three or four inches of bore was about the
practical place to stop for two reasons first, the weight
of the reciprocating paris, and second, that the sensitivity
Lo variations in fuel goes up as the diameter £0e5 Ups
Therefore, the automotive engine 1s a fairly small bore.

le folloed for a long while the fantasy of the
so-called small bore, long stroke engine. We went to Europe
and listened to the prononents of the small bore, long stroke
engine over there. The efficiency experts came in, and they
got the thermodynzmic fellows to maxe a calculation to show
thet this was the most efficient way to make an engine, but
sore of us dad not believe 1t so we made a series of four
or five engines 1in vhich we nade the stroke as long and the
bore as small as we could get 1t on one side and ended up
on the other side with the bore a little bit bigger than
the stroke, Then we said "There 1is something else back

of this besides efficiency," because thore wasn't any
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difierence in these things - that i1s, there were advanteoges
pro and con, Then we went over to Durope and finally itound
out that the rcason they made small bore, long stroke engines
was because they taxed their vehicles on bore but nol on
stioke, so the less bore tney could use and the nore siroke
they could get, the laower the tax, That was the thermodynamics
back of the engineering. In the lasl few years we have been
shorten.ng up our strores end making the bores as large as

1s practical due to the combuslion characteristics.

As to the horsepower, the horsecpover per cylinder
for practical op:rrating conditions 15 a pretty well fixed
thing. Youa can take four or six or eight or iten or e dozen
cylinders or anything you vant. when 1t comes to the
question or the types of enganes that we nake, the four
cylincer engine hes gone out very largely, not on account
of 1t. not being a good cngine but because of the fact that
there 15 a secondery vibraetion in there that 1s tvace the
engine spc°d and you have to put some gadgets in to take
that out and they co>t just aboul as much as do morc
cylindcrs or the c¢ngine. Consequently, the automooile
engine 1 is up toaay with the smallest number of cylinders
being si . Jhen you go from thore on up, again Lt s a
question of the anount of porer you vrant and vrhat the past
history of your p-rticular manufacturer has been. whcether
he wonts 1uv a2 V8 or a Lane 8 or this or that or the other
thuing docs not make very much differcnce one way or the
other Ly 'hal mcthod we have boen eble to get our engines
un 1n cfiiciency and dom ir weight end size, considering the
corre retal applicatiors vhaich they heve to fall.

In order to build a motor cer todzy thot sells
rctail .or {600.00 you rust have quantity. Conscquently,
tnc spceific tooling of an engine becones a very important
thing, also the cheching ol every detail of 1t so that you
know 1t 1s right. I inagine 1t costs anyvhere from two to
five million dollars to burld a sct of tools for an ordinary
cngane, and, of coucse, 1f you are only going to make a coiple
of thousands of them that 1s foolish. Once in ¢ while we
get 1nto the trend wherce our fellows get what we call Y"toolitis,."
In other wrds, they camnot make anything wathout e lot of
tools. And yet, on the other hand, 1f you are going to make
~ lot of engines you cannot afjord not 1o do that toolang job,
When you do go into e highly inlcnsive tooling job your tests
aud cverylhing have to be heyond a question before you
crystallize that design. So 1t 1s well 1f you can have a
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few engines built the year or so béfore, Tifty or a hundred
of them, and run them under all conditions and get everything
ironed out first so that you do not take any chances vhen you
do crystallize your tooling, You have to know pretiy well
eghead vhat you are going to do before you can go nto one

of these very large tooling programs, when you get that

the cost of your particular article comes dowm 1rmensely
because there is no filing and I1tting or anything like

that,

Now from yow sendpoint 1t sewms to me that one of
the things you gentlemen have to figure on 1n mobilizing your
type of transport is to 11nd out whether or not you can use
stendard porer plants. One of the most 1mportant things in
piching out any vchicle 1s whether or not you can get any
standard pover unit for 1t. You have to have special
machines, we reelize that, but thcre are a lot of them that
do not have to bec special. Je have cxactly the same thing
in manufacturing. We may be able to use fifteen standard
machines, but we have to have onc very special machine to do,
say some particular type of broaching operstion., If we know
We arc going to have to do this particular type of broaching
operation we can study the thing thoroughly and may be able
to bring the thing up to that point on staandard machines.

If ve starl here on this special machine and work back we
may have the whole ten of then special. All those things
have to be given consideration. That 18, vhat 1s the most
high production standardized unit that you can use and still
not sacrifice your final result? I em going to be Just as
positive as you fellows could ever be thal your final result
1s the amportant thing. Heving established what that final
result is, then the thing 1s to go back and see how we can
gct that wath the least possible arount of trouble and
difficulty all the ray along the line.

Je used to male a great nony special machines in
the notor industry - for instance, special milling machines
might cost tiro hundred thousand dollsrs apleces. Thet is
gore now because vwe found thet 1f e engineered a thing in
& certain way we could use standard machinery and 1f we change
the design next vear or the year arter we still have the basic
part of the nachine and can make special tools to fit on the
standard mechine. .Je found that thais thing hapnened Quite
often: e would order some of the thesc very special mechines
and before they were built e would chenge the model and it
fds nov an uncorrion thing to scrap rachines that were not




quite faini heds. Because the tool m ker got into some trouole
and the tool designer changed his rand and the thing got
delayed 2 little bat, a1t ended up by the model having gone
out of production vhen the special machines built for last
year's mocel wer. vot quite finished., That was a very good
thing becouse thet brought o maind tne importance of considering
this thing from the stendpoirt of overall ulaliazetion, becouse
1f you screp this couple of hundred thousand doller machine
1t 15 Just as ruch tool cost s 1f you had nade 1t and uscd 1t.
So they sead  "Look how nmany good nilling mechines, drills,
havers, «nd this ond thel you could have bought for thas
emount of moncy, ond naybe 11 yov rad used your head o little
b1t you coula heve passed tnis thing down here and used the
st nderd mcchinery vith special cquapnent end gotten as good
results." That o5 not a rapid transition, ho ever. It dad
not jast drop off the cliff, but 2t hepiuned over a long
perarod or thame, so that we are now getting a modulated
characturistic betucen the very special i:achine haich you have
to rale to do something spacial and the perfectly stenderd
apporotus,

fell, you have the sane »roblems Therc cr~ a certain
numbor of our standord vihicles, I ama inc, that you could usces
The cost, of coursc, 1s going to be very much lorer af you can
use theme For the special vehicle, I thank that 1f I had
your job I would not go to ono of thesc big mass production
organizations and ask them to mele me a fow hundred or a few
thousond of ¢ special thing. It seoms to me the best thing
to do 1s this I you had to buy a thousand periectly standard
trucks of some kind that you want to make special you could
afford to buy thosc perfectly standard and then go over here
to sorne smaller concern vhich has a good job—shop sense (by
th~t I mean ¢ fellow who knows hos to get things done waithout
spending all the moncy in the .orld for tools)e That fellow
c n make the modifications, put 2 new transmission in or
1hatever you may went done, and do 1t in a much shorter time
and 2t rmech louer cost than you coula ever get 1l run thraigh
the lerger plent becouse the larger plint just 1s not fitted
up for 1t. These gocroed up orgemazotions you see do not have
ony 1eventory. In a groet meny of our plants the inventory is in
the freaght cors — the neterial comirg wn ond the fanished goods
inventory going out. The whole thing 1s tured so thet the cars
corrying wotericl todey <re pusned ap <long side the building
and the materiel 1s unlocded out of the cers raight into the
machines, They cell thais "eross currcnt operation.” Here
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you erc unloading flat stock, over herc youare unloading shect
stecl, and these materials go straight through the machines
and are loaded on to onother car on the opposite side of that
operation and shifted to the assembling plent. There 1s a
timing of thc cers coming up, and of everything elsc. Now

1f you est that fellow to make two or three spccial pieces

he has no onc to moke them -~ he has no mechanics in that
sense of the words You would have more chance of getting
body changes made by going over herc to one of the good
wrecking garages in Woshington that hes becn used to
rcepairing bodires. They could pubt sometlang on therce very
nicely for you, but if you went to a factory they just could
rot do 1t.

The best story I have on that conccrns a friend of
mine who at one time bought a lot of hanges of a certain
kinds. The standerd hange, I thank, had four holes in it
and he wanted some with three holes., He ordercd the three
hole hinges — just these ordinary strep hinges. He did not
get them for a long time, end when finally he did get them
they cherged him about four times as much for them as they
cherged for the regular ones, and of course my friend blew up.
The fellow said: "My Godl We had to meke all of those hinges
by hand. wWe hed to carry them through until the place where
we punch the holes ana then we had to make a little jig to
punch the threc holes." My friend sead: "I ought to get
the hinges cheaper with just three holcs in them instcad of
four, If I had known there would be that much difficulty T
could heve used the four hole hinges.!

When you come down to special apparatus none of
the things I am telling you has anything to do with the
situations When you get to the motor, as I say, you hove to
select the kind of power, ctec., that you want, I am tolking
about the notor vehicle run on the ground, Thc transmission,
axles, tares, and things like that you have to have special,
but the more of the standard equipment you can use the more
availeble 1t 1s in quantity and in an cmergency you can getb
1t more qiickly.

Ie were Just telking down at the office about the
sctup that they have in Germany. I just came back from there
o short time cgo. hat they dad, and I thank 1t was a pretty
good way to do 1t, was to set up theorctically (as from your
cnd here) vhat they would lake to have. Then they said  "We
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need X thousands of this type of vehicle and what we ought
to wo 1s to proportion thaet out so many to this automobile
company, so many to that one, etc." But, when the boys got
the specifications they said. "Don't do that. We can make
you tnis many standard vehicles for this amount of money,
/hat you had betier do 15 to have this concern over here
mexe all of yowr opecial vehicles inslead of splitting the
work upe. we will nmake all of lhe standard material we can
for this particular car." Then they found that by changing
slightly a comnercial type of vehicle 1t could be made
available 1n case 11 was needed for i very definite purpose
and all of the special stuff come from one place. 'lell, that
helped, and they got 1t very rwch cheaper and very much
quicker.

Now when you get to the motor, the axle, and the
bouy utilities, those are very special thangs, but — I am
talking now about the automobile, of course ~ 1f you can
tike the standard units as they are turned out today that
158 by all odas the quickesl way of getting delavery at the
lowest possible price.

T mght 1ell you what has happened in the commercial vehicle
business becouse 1t has hed this very interesting trend
five or ten years ago this question of the heavy duty truck
was quite an important thing. A man used to pey a high
price for a truck and then overload i1t. That 1s one thang
you cwn *lways be sure i1s going to happen to any truck. A
man peys five or six thousand dellars for a truck, overloads
1%, bieals an axle, and comes back and kicks to the manu-
facturer about 1t. So they kept making these truck bigger
and stronger, not realizing that the fellows could always
overload theme Jell, along came the Ford, Chevrolet type of
tivek that sold for just about what one wheel of the big
truck sold for and the net result of 1t 1s that there are
very, very lew of tre large trucks mode any more. You may
ask+ "Don'i they overload ihe Chevrolet trucks, the Ford
trucks, and the Dodge lrucks?" Certainly they do. If a man
overloads his truck end brecks the 2xle he comes back and
kicko to the fellow vho sold 1t to him, but the fellow says
"Hell, you overloadea 11" — and the man goes and gets a new
once He can do thie because the amount of money involved
wouvld buy very little of the big truck. That i1s the way it

as Jorled oute The difference a1s simply this* here we used to
mke .n a year twently-five or thirty thousand one or two ton
tructs I wmegine thal Ford, Chrysler, cnd General Motors now
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produce between four and s1xX hundred ihousand of them. I think we
make abaut two hundred thousand trucks in Chevrolet, and I
imagine the Ford and Chrysler organizations do about the

same, This 1s the reason lnat hapnencd - the price was so

low they just took those trucks and i1f necessary replaced

thome

I mentioned the size of = . piston 1n the engine,
That braings in the very important question of fuel. The
big.est thing that has helped our industry is the work
that has been done on fuel for the past ten or fifieen
years. I started work on fuel back in 1814 or '15 and 1t
ended up with Ethyl gas. The thing we were trying to do
was to get rid of this so-called spark, carbon, and compression
knock. The knock was not due to any of those things, i1t was
due entirely to the fuel., In any given type of motor that
you have you must be sure that you get the thing pitched
richt, That 1s pariicularly true in sircraft. e have been
eble 1o zot up to about a hundred octane rnumber in commercial
grades of aircrafi fuel, which means that we are now able
to push the horsepover of these motors up, especially the
take~off horsepower, way above anything we ever thought of
doing. Of course, as you can push the compression of these
engines Jap the overall economy of them comes up end we are
gelting economy today in high compression aircraft that is
almost as good s the Diesel engines, In fact, 1L you get
compression ratios up to ten and one-half 1o one or one
huncdred sixty pounds compression pre.sute those engines will
give you just about the same efficiency in pounds of fuel
per norsepol er as lhe Diesel,

A very important thing, 1t seems to me, 1n all
daivisions of air transport 1s sn appreciation of what you
can do with the present type of thing, slightly modified,
1f you get bLetter fuels. #hen we were talking about eighty
octane fuel a number of years ago everybody thought that was
too high. Ve have gone from eighty to 2 hundred, So e see
the fuel andustry has stepped up to that one., I am perfectly
sure that for a lot of your work you could get special fuels
up to one hundred twenty octane rating, vhich would mean
that for special types of services you wouald modify slightly
the compression retio of your present aviation motor 4nd go
4 long vey toward producing a neu result., The gasoline
engine today can be produced to ezt almost any of these
requirements,

In the automowile we tried Lo Lheep the paston small

because you can have a nder varialion of fuels with the
small piston without getting into trouble than you can 1f
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yvou have a large one. In aviation vhere you have to have
large horsepower engines and you heve to accept the larger
pistoais, lhen the question of modaification of fuel becomes
an 1rereasingly aportant things

So much of the gasoline phase of 1t,

The Diesel 15 becoming more and more important all
the time. Je have been playing arcund with 1t for a number
of yveurse There has been .ore talk sbout Diesel engires
and less done about them tnan anything I know of. Here is
the dafference between a gasoline engine and a Diesel engine
so l[ar as engineering factors «re concerned The explosion
pressures 1in a Diesel engine are about fifty per cent higher
thn they are in a gasoline engines. Jell, right away you
bave Lo make your connecting roas bigser, your brarings
bigger, «nd the same nunber of cylinders are bound lo be
bigrers If you look fwo engines of exactly the same horse—
power the weight of the Diesel goes up enormously if you
accept the nresent type of four cycle design. As you heke
your connecting rods heavier and your pistons heavier you
arc sloving your nachine doun, whicn meens you have to make
1t bigger, which means you lave to naeke 1t heavier, which
mneans you have to run slower. To get a light-weight Diesel
englne you cam ot just take a gasoline engine cylinder block
off and put a Diesel engine cylinder block on. Many
conmerciel fellovs w sh they could do that. Therc hes been
very rwuch more noney spent on that wishbone type of engineering -
tryin, to wush a Diesel cylinder block on a gasoline crankshaft —
than in trying to solve the problem, simply because sone [ellow
S 1y "Trere nust be some way of do.ng that." Jell, therc is
some ray of doing 1t bub 1t 1s nol that ways. That i1s your
furdmental daifficulty right the.e — you are bound to cccept
these highe. pressures. There may be sane way around that,
but up to the prcoeney tame we do not knor 1 hat that way is.

Concerning our railroad encines, ‘hat ve elected to
do tnere sas to make those a peculacr type of tiro cycle engine,
The Lo cycle engine has a bad repulction 211 over the world,
ooth gasolire <nd Dicsel, Diesel esosecially. Of course, the
lerger Dieescls they have to mele tro cycle for the same reason
that they have to ralc ihz little oncs two cycle, but theze
are rorc conversational reesons thy jou should not make them
tro cycle then they arc small., It 1s nother case where the
fullovs try to follow the mass production i1deas too far. e
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have exactly the same thing, A fellow says "I want you
to take the gasoline engine out of this truck and put a
Diesel engine 1in 1ts place.’ You canuaot do thet, However,
1f you make a Dicsel truck you can take the Diesel engine
out and put a gasoline engine i1n., That works all right,
but you cannot do 1t the other way around, Uhat we elected
to do was to make a peculiar type of two cycle engine,
Our type 1s nothing more than this 'hen a piston comes
to the cottom of a stroke 1t opens a series of ports through
which the nev air can come ine There are four valves in
the head which ere exhaust valves and the air 1s blown
right straight through. This 1s vhat 1s known as the
"Uniflow! type. When thot 1s donc the valves arc closed.
There 1s no 1maxiure to become involved in a Diescl engine,
nothing but ear., The fuel is injected, burns, and the
pilston goes down again, If you open your exhaust valve
S0 you get a shot every revolution you get theoretically
twice s much horscporer out of that cylinder as you would
1f you take a shot every other revolution, The cynic sayss
"Yes, theoretically you get tirice os ruch horsepower." Vell,
ractaically, we get a little more than twice as much horse—
power, for a very definite reason., Here 1s an interesting
thing about that. This injection problem 1s the main problem
in a Diesel engine. These railroad cngines are quite large,
eight inch bore, ten inch stroke. Say they are running 750
revolutions per minute - they would be running twice as fast
for 1500 revolutions, and your injection piston speeds, and
everything elsc vhould nave to go upe By going to a tiro-
cycle engine, ilhese speeds do not have to go up 2 byt to
double the number of explosions, because the pistons are
running up and down no faster at 750 teking a shot every
revolution than they do taking a shot every other revolution,
The rete of injection 1s exactly the same. we were apnle to
get the weight dom to approxaimately thet of a gesoline
engine by that method. How far you can carry that dovn T
do not know, e are experimenting with 1t dovm 1n the lower
S1zes« Ho.ever, the thing can be done that way., On the
reilroad tney say  "Je are able to get quite large engines
in a rather small spaced"

The problem you have in the Diesel engine 1s the
same problem that you have in the gasoline engine ~ fuel
availability, Thet 1s, there 1s just about as much veriation
in the fuels for Diesel engines as therc 1s in the fuels for
gasoline engines, because a lot of that variability comes

\
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from the type of crudes from which the fuels are distilled.
Up until aporoximately ten years ago we alweys thought of
the engine as en entirely separcte pert from the fuel, but
that 1s not correct because your fuel 1s just as much a

part of the engine as the piston pins or the connecting

rods or the crank-shift or enything clse, 7You have got to
know what kand of niece you are going to put in the tank as
vell os vhat kind of piece you are going to put in the
engine, We started the work of tying all that together
back in 1914, Tt has been a long job. Even raight after

the war I don't thank the fuel enginecrs lnew the zutomotive
enginecrs. Thes. two industries, eoch making parts for the
other fellow's use, dad not know cach other, We had trouble
getting together., They said "If you would fix your engine
our fuel would be all right," and our boys said "I{ you
would fix your fuel the engines would be all right." You
have heard of those things happeninge

The fairst point in that rescerch work was to find
oult what belonged to fuel and vhat belonged to engine. Thaet
was the dafficult job. The very interesting thing about it
was that almost all of the engirne tests up to that time had
been rade on Pennoylvenia crude. Everybody had run the
socme test with the seme kind of fuel and nobody had ever
thought thore vas eny variability in the fuel., The first
shot vre tried to give the fellows was to shor them that
their adeas about what fuel vas vrerce not so at all. Briefly,
here 1s the vay 1t wes  The lower the grovity of the fuel,
the hecvier 1t got and the more knocks there were in your
enginc, That is number one. Thercfore, the lighter the fuel
the more volatile 1t 1s. They werc measuring the whole value
of fucl with a specific gravity meter. e said "Je do not
think tinct bas anything to do rith the situation.® Fanally
we put on this deronstration to a group of fellors  Je took
the lightest fuel, which i1s ordinary sulphuric ether — just
pour .t 1n your hand -md 1t eveporates right away - end we
said  "If your volat.ility story is any good this cught to
be the finest fucl man could rmake." However, en engine
can ot be run on that, 1t knocks 1ts heced off, 2t 15 as bad
a 'nocker as anything you can gel. e saad  "All we ront
to do 15 to prove to you that volstility ond knocking are
not tied togethcr in any vay, shape or form — that it as
only in the type of material you havc bcen using, and you
can nodify that to get enything you want." If you go out
to Venturs, Calaformia, to the deep sand rells, take some
crude orl and dastill the gesolaine off at, you get a
meterial very much lake Pennsylvenic gasolinc, If you take
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mat.riel fron the shallov 'rells o quarter of a mile way
«nd distill the gasoline off you have an entirely daffcrent
thing ~ one 1s about forty octane number end the other is
about seventy-fives That 1s the first time they began to
notice thet there ras a dafference in this very aimportant
characteristic of fuelss Jo ran into 1t at first. I hed
been working on thesc fucls to some cxtent during the war,
when we wore eshed to cct 2s fucl consultents for the

crious "ctivitics down heree “/hea we rocormmendcl the use
of Celafornia gasoline for aircraft, -hich was the quickcst
thing we could do, everybody seid  "Those boys heve stock
in the Celifornia o1l wells." Even os latc as 1919-20 the
question of onti-krock dctoneting characteristics of
gasoline had never been iccognized ot all. Houvever, we
began to get into this aati-knock thing end today 1t is
recognized as being cven rore arport nt than volotilaty
bocouse 1t determines how much l orsepover you cen pull
without getting into difficulty,

You might be inlercsted to know what that
detonation is, because the knock you get is quite en
interesting thing. Ve have done an cnormous ~mount of
research on ite lMany of the some boys that started with
me in 1914-15 are st1ll on the Jobs lhet heppens 1o thas
The fuel starts to burn in o perfectly normel manvcr, the
flame woving at a steady rete through the charges Then
suddenly o fleme sterts in the back corner and the remaining
unburncd charge bursts into flame, accompanicd by en almost
instantancous ris. in pressure. Then 1t comes bock and
follows the normal curve, e had spceulated a great deal
as to "hat that s, Je hed made 211 sorts of instrumentation,
but finally about two or thrce year~ ago vie got nerve cnough
to teckle 1t an vhat I think wes the right way. We soad
"Letts build an engine with a transparcnt cylander head and
devise some method of cooling 1t so ve can run this cngine
at full lo~d and look into 1t while 1% 1s runring." After
meny of the triels and traibulalions that you have an doing
a fool thing likc thot uc finelly found oul thot 1t was
reletavely casy to do — as most of those thargs work outs,

Ic got an engine that could be run cnd onc could lock down
into the cylinder and sce what hepoeneds  Yhal you heve to
do there - of course, it 1s just 211 leshing lighl — 1s to
got one of thesec stroboscopes, which do not run the samc
speed as the ongine, and look through a rotating disk ond
sce thol thing hepoen very slovly, Hovrever, different
fellows camnot sce the same thing, and you g.t into o
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cortrovelsy thcerce Our type of cngin-.r ergues a lot, you
sce,  Nevertholoess, whon you get the fects pinned right down
there 1s not much crgument, so you can ~lirays tell about
wt~t stog. of development we are in on ouy proiject by the
~mount of (rgument - o protty good indacetor. Je secad:
"Com we © ke 2 picture of this and get rid of the argument®?
Letts Leve on wmenaim~te, unprejudiced oye look at this
thing. Howu m ny picturcs ought we to take for an explosion?t
so 1.mclly founc out we hed to teke o picture cbout every
two degrecs of the rotc taon of the cronkshaft, so we went
1o 11 the high-speocd 1otion picture fellowrs to sce vhether
or nolL v could gut 2 preture wmecaines Yo had to got
rownd five thousard pictvres o sccond, 1hich was stretching
the thing ¢ latlle bt for the boys, Onc of them said "I
will mol oo cemier ond furnicsh it for you if you wall just
buy the falms," boeceuse in thic queslion of starting ¢ film
nd gelting 1t up to thet speed and stopping 1t again you
wrould us  ~bout filty tires as much ¢s jou got picturcs on.
Ho nver, thot dad not sound practical, so ofter we gquit
2l ang to the fcllors tho hed been trying to sell us theso
trick cmeres, we saad  "Supposc therce verce not trick cemcras,
ho rould ro do 2t?Y Finelly we centered on this very simple
ncthod 'c simply mede o flywheel on the cngine tig enough
to come up to .lLout the top of the cylindcr, we put & mirror
over Lhe cylinder so the light came up vo the mirror and wos
refleeted over tovrard the bag flywheel, ond then we put an
ordinery photosraphic lons in front of the flyiheel for the
light to poss throughe Then we got the Eestmon Fod k Company
tom o us lorty e tched lunses like you uee in ~ little 16
mm  Cur.-Kode's, nd we speced those cbout Lo degrees cparta
-~ gt Jorin Taitle cemeras 1n the flyrthesl, thon wont back
of Liwse lere s ond pub ¢ oracm to turn 1t so the Iight . ould
271 on the f2lm on the ilywheel., Thon, when th  ongine as
rur, the flywhceel enu, of couise, the film ond cverything
go rvouncu togoelhsr. It does not rake ~ry daffercncce how
f~ot 21t 25 going. Jhen you sec the perticular cxplosion
you ould 1lizke lo gel you push & bution, a1t opens the
shuticr nd tekes thirty picturcs of onc oxplosions There
13 o 11ltle spcce in between thert so you connot put them on
» motron dicture projector, but you e toke o motion
mictule € 17 . copy 2t so you eve .t an rot.on picture
5 qucnccs o tele two pictures of cach once It projects
too fust 1f we use onc only, bul 1f you t-ke two or threc
vapooures of cech fieme eond then rel¢ ¢ motion picturce film
up wnto ¢ little ring and put 2t in . .wotion picture projector
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you cen sit there -nd rtch thet «xplosion heppen ov r ond
over egeans  wfter the boys sil there for helf on hour «nd
look ot 11 they do rot arguc eny morce becousc thaoy all sce
the seme thing et the sane time. 411 T cen toll you cbout
this 1s thel orectically everything cverybody thought
cbout 1t was not so, Of course, 1n o grect meny cescs lhat
1s truec,

Onc of the difficulties when v startod studying
the autoriobile cngine ena the fucl rcletionship thereto wos
the question ihet 1s the temperatuie of the goses when thas
oxplosion tckas plece? The test books +rll t.11 you about
2600 or 2700 degrees Fo  Je know it wes haigher than that,
oend we did not have to do much instrumentetion because you
could tecke o small pieec of tungsten wire about the size of
a heir and put 1t dom in there end after about thiee
cxplosions 2t vould be gones  Onc of the fellows said
"That wire 1s too delicate — 1t bresks in thet explosion,n
ic took it out and put 1t unler s ricroscope end found that
1t wes not broken ol all, ’k}§mt & couple of resecrch nen
on the job ond 1in six yeors (1t took them six yeers to do
this job) thoy finelly developed o method of meesuring the
actual lempercturcs of the gas ot "ny pl-ce in thc combustion
cycles oo do 1t vaath the so—colled spuctroscope, That 1s,
1f you have 2 light shaining into ¢ spectroscope and look on
« plete 1t wall shov certcin lines. Thev as vhet 1s called
an emission type of spectrum. If you tcke this same ges eond
shaine & light through it you 11l find in your spzctroscope
that vhere you used to h ve braght lincs when the gos was
burning you now have black lines, You sec, 1f the gos 1s
luminous 1t gives off bright lines, but 1f you p~ss a laight
through the ges when 1t 1s not burning 1l gaivas black lines.
In other 1rords, 1t absorbs the scme kind of light that 1t
gives outse I you belance the terpereture of the gas that is
burning ageanst the tunperature of an outside source so that
1t 1s on ¢ brlance between being 2 bright line spcetrum and
¢ bleckh lirc spectrum ihe outside temper.ture (nd the inside
terpuicture arc the saric, Conscquently, wo ware cble to
get en outside source wherc we could gut 1astrumentation to
messure the tumper-ture nd cheek 1t vith what 1s insidec the
cylinder,

It took us six ycers to do Lhat Job ond hore is that
we found  For on ordirary gesoline cngine the temperature
of the gvs socs up to about four thousend degrees Fo — which
mede o torrible difference — «nd vher it 1s de tonating 1t 1s
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up avound forty-four or forty-five hundred degrees. e got

a junp from trenty-seven hurndred degrees in theory up to
forty-Lour hundred. Jhen sone of these thin_s go to the fourth
po:er of the variable you can see you 1oula be slightly off

in percentace 1f you took this lorer f_gure. After we got this
motion picture of studying the combustion we begen to see a

lol of things and we are going to be able to contribute very
valuable information to our engine designers and to the fuel
people.

The lxock you leas 1s absolutely a lLnock in vhich

the hemre rs are rothing bul gss 1 olecules. They have to be
moving pretty fast to we a' ¢, «nd they do rove fast,

{fe heve been oble viith thece notion pictures to actually
re~sure the velocily of gar 1ovement. All the bright things

e do vie slumble on to. Jhen e stert out to do soriething re
usully ere so serious rnced end so lechnical on vhe thing
theoe of 21 v ere not for stumbling on 1o somelhing wve wrould
not cet 1t at all. het heppened as tnise One dey we
vere rurnarg this engine and just across the hall the boys
vere tryin, out an experinentzal salt spray for lesting corrosion
oL one ‘hiu or another, .nd all the piclures ve got that day
hed streo''s in them shat had happened ras lhat a litile bat

of the dry selt hed corme ocross the alley and golten into the
21r int-Le, h.d become luminescent, or very brightly illw inated,
and diriy g the lire of exposure that litlle luminous particle
hed oved so far on the nlale —~ 1l had moved thet far in that
len th of time. [f11 re n.d to do was pul a pasr of calipers

on 1t nd put 1% on a rule and we lneu what that actually neant
to the er zre, e brought these picturcs up to the same size

.8 the conrustion chenther ond then re coula say  "Ia that

len, th of tine that thing noved that fer." jell, 1t es not
diffzcult vo get the velocity. we did not use selt after that -
we u.ed lenp blacl, the xrticles of rhich glow  Those velocities
et up very high., During detonation, one of those hard hammer
blors, the gus velocity gels up around one hundred fafty to two
mundred m.les a rminule — enormous velocity - and has < temperature
of .round four or five thousend degrecs, You nay telk about the
hot rands of Koncas but these are very much worse. Jhen you

be, n to see those things you say. "o wonder this engine knocks
wath conditions lake that in the cylinder.t

That T ar lelling you this story for is that I do not
viant you bto think of buying a motor vehicle at any time for any
kand of serviee 1ithout thin'ing al the same time about vhat
7ou .2 roing Lo run 1l vath, I do not care vhat you want to
run 1t vath 28 long as ve knowy whal 1t 1s. That is, 1f you
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want to run this vehicle on the lowest grade of gasoline made,
1t 1s 0K, but here i1s what you pay for 1t, If this notor is

& nuncred horse-power on a normal rating and you want to use
lthis low grade of gasoline you have to accept about twenty to
twenty-five per cent reduction in horsepower. It will run Just
as well but this 18 the price you pay., If you have a place
where that service 1s necessary all you need to do is to get

a new set of pi-tons and reduce the compression and the thing
will run all raght. If you are going to make a very long flight
by air, in vhich you have to be very careful sbout the amount

of fuel you use, you rant to use the highest compression type

of engine you can get end a fuel that can stand that high
compressions Your fuel econoryy jumps from about a pound of fuel
per horsepower hour on this very poor grade of gasoline in the
low compression engine to a little under four—tenths of a

pound of fuel per horsepower hour on the high compression
engines with the best gasoline and the highest compression
engine, you will use aboul forty per cent of the amount of

fuel per horseporer hour thet will be consumed using the

poorest fuel that you can get commercially, Those two things
have to go together, and I think 1t 1s the most important single
thing that we need to kecep in mind in figuring notor trensport,
If you design the engine to use a higher grade of gasoline than
you are able to obtain, you aie likely to damage things very
much more than 1f you knew 1t 1n advance and had the engines
made for the lower grade fuel. OFf course, that means only
another type of piston. You usually change these compression
ratios by the pastons,.

That briefly is our story, If you can use standard
stuff the price 1s way downs 1l 1t 1s a hand—made Job, you h.ve
to pay a higher price for it. Consequently, if you can use
standardized units, whether 1t 1s in 1is entirety or in part,
that 1s the thing to do, but in no case should you figure on
any kind of internal combustion engines, either Diesel or
gasoline, without taking into consideration the tpe of fuel
that 1s going to be available at that time and for that purpose.
In sore cases 1t 15 very -mch better to make the vehicle adapted
for a lorer grade of fuel than you figure on becauce you will
not et caught 1l you gel a better grade of fuel but you might
get into serious difficulty with a vorse grade,

That briefly is the story of the internal combustion
engine and 1ts celationship to the development of power in
transport, It 1s not gs complicated as many people think. Tt
has taken us a long time to cet this very simple thang that T
have told you of this morning —~ 1t bas taken years. It 1s like
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dig.ing a stone cut of the mude You ¢et 1t out and a1t 1s all
covered with mud, You say "ibe stone 1s there," and you
wvasn 1b oif with a hose and finally you have to get down and
scrub 1t with a brush, and you say  "That 1s a very anleresting
stone.” It wes always an intercsting stone, the lhang i1s trat
1t wao covered up with nad. A great many thiigs .¢ have dug
out 1n the resesrch .cberatory everynody lnew were there, they
could probe down and hit tnem, but 1t has taken a long time

to vesh then up and get all the dirt off them. When that is
done ve say  "Very simplel” e have a riotto in our laboratory
which re.ds: "A problem thoioughly understood i1s always

fairly s.mple." Lveryone lhat we have ever solved has been,
They all v orlr out,.

I am golng to tell you fellors just one little
reccarch story. Perhaps some of you rave heerd 1t. If vou
have, plcase excuse me for telling 1t. It 1s the best one I
knowr of concerning the type of regsistience you fellors are
going to meet on the outside. You knou thatwhen you ask a
fellow to 1o comething he has not becn used to doing he cannot
do 1t Tlis happened a g£ood reny years agc. 1 could see the
closea opody comng, and 1 saxd MYy heavens) Je cannol teoke
thirty—I{1ve days to Tinish those bodies." C(Cadillac was taking
thorty—five days and Buick vas taling seventecn days - those
ar. aboul the praces of the cars, thirly-five hundred and
seventeen hundred, I saiad "If ,ou are going to make a
thousend cars a day that would mean seventeen thousend bodies
you vould hove in the prnt shop =t one time, and you “rould
never ¢et any of them out, wathout ocrateh ng them up. e
ou ht to sr~c 1f we cannot shorten up this paint time." So
I did a perfeclly normal thing. I got the beut paint oxperts
in the country and the best painters ama chemists, «nd we
hid a litule meeting. I saizd  "je Lave to reduce this time,
what can re do?" Well, tlhey «llouw, after thinking 1t over,
ithet they m.ght get that tlirly-live days dom to tharty-ilhree
and the oventeen days down to aboul sirteen. I saixd  M"That
isn't helping any. fe have to get avay dovn.”

Tliey wara "Hou long do you think 1t ought to take to paint

an aufonobile? "I jould like to paint 1t in an hour."

T vrould not want 3t to go on record as to what they said about me.
Hovever, I ceia "hy can't you paint 1t in an hour®!

fhey replicd "The paint will not dry.Y

I caxd "My Godl Cantt you do sometibing to hurry it up a

Iattle baten

" ¢ 'eve buen vorking at that for yoars ana ;-ou canno® do anything
to hecten the drying ol paint," they ..id.
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We fussed around all day and when we were going out to lunch
one fellow said "I think .e put that guy back in the corncr
where he 1s going to stay for a whaile,

Hovever, I still hed my problem and putting me back in the
corner did not do any good. I wes valking dowm Fifth Avenue
on. day looxing in the windows as a country boy usually does
and I saw some pin trays in onc of the rindows. So I went in
and bought a sevenly-five cent pin tray for twelve dollars,
That 1s about the way 1t was, but 1t has some ncw kind of
lacquer on 1t. I asbed the fellos vhat it was, and hc said
"Some new kaind of lacquer.!

I saad " jhere dad you get 1ton

He refcrred me to the house whorce he got those nin trays.

I weni therce and finally found that this lacquer 1as made over
in a litile place an New Jerscy. T woenit over thoere the nowt
aay and found the flllor vho nade the lacquer back in the shed.
I saad "I want 1o et a quact of that stuff."

He said "My God! I ncver nade a quart at onc time. Whal do
you rent to do with a quart of iten

"I vant to try to paint .n automobale door "

You could never do 1t in the world.!

Mihy 2t

"It dries too damn fost. You pub t at in a spray gun end

1t w1ll ncver get to the door, 1t will dry up and blow aray."
I sazd "Can't you do anything to slow Lbot doume

"Not a damn thing."

w211, th re¢ I hed on one side onc prinl that dricd too fast
and we could not do anything to slow 1t down and on the

other side one thet dried too slorly and we could not do
anything to speed 1t up. I dad not think nature 1as going

to play o dirty traick like that, so I started to study thosc
tvo things and we finally got those Very Trepld—drying 1locquers.

The finale of 1 ot story i1s this A peint man, one
of the fcllows who hed been in my o11ginal confirence, came in
to sec me one day. Somcon. had sont me one of these color
cards (You have scen them) mth 21l the different nenels of
color oa 1t, end 1 had opuncd 1t out on Lhe dusk and 1t 'res
lying there when this fellow came 1n. He had driven down to
the leboratory (our leboratory was then an Deyton — before
we noved to Detroit). I saide UIF you rore having your car
repainved, which one of those colors would you prefer?t I
picled out a colors. e sot in theoffice for quite somc tame,
Tre Jaboratory uas about six or scven milcs south of Deyton so
we drove up to Dayton for Tunch. Je come back, <nd finally he
pulled out his ratch end saxd "I have to be going — but
where 1s my car?t
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I said "Thet s your cor right therc, Isn't that the color
you antud 1l painved?!

Jhile o hed gonce to lunch he hed been given a repeiat job,

Ic .cro nol so fer off o1t gucessing 1t a2t en hour -~ and that was

o shot in the derk.

Thor. erc a lot of things you can do in this world
1f you tnorr rhat yov h-ve to do and hove some taime to do 1t.
T thank thet 1s ¢ groand thaing boub your orgenization. You
heve 1 lattle chenee before the cmergency heapmens to plen +rhat
y.u n.ed, nd you can sit down cnd enaly-e the things I could
pr.o-ty n. rly s~y to you tht 121 docs not n~he any daffercncce
hor stronge <one of thes. thangs «xc vhich you ray hove to heve.
If ,ou ro gaven a little time, wath proper uwnderstending ond
coop rctron, 1t can be rorked out, However, that is one
thing we rust do, we fullors must neet you «nd you fellowrs must
rneot us. o rust got together so Lhe industr 1lists wall not
think  "These Army, thoese Navy, cnd these Moraine follows ore
p-cull r guy-, ~run't they?" ond you f.llors 1m1ll not say
"My CGodl T'woo. 1ndustrailists cre o bunch of hordboilced cggsa!
s« 1. poth 11 right in our pl cc, but cach fillow does not
see » 1t the other fullow's place 1s. If re ¢ n just got
toguther ~nd cnolyze these situations so we c¢~n see dhat 1t 1s
011 zooul, tncn you will not think we arc so peculi-r and
« 111 ot think you ore so peculicr,.

You heve thesce spceaal jobs to do. Then you get
into » scred you h.owe to h ve right nor the thing that 1s the
bost to usc, cnd I thank lhis study thot you cic meking here
of trying to find out the rclotionship betreen n tionnl defensc
.nd incustry 1s one of the most constructive tnings that I have
wv.or seen done, end I d um ot @ gro~t honor to heve the
opnortunily to talk to you ihis morning.

Coloncl Jord-n  Mr. Xettering vrould be very gled to
enst er any questions fror the Class. There 1s one nan in the
Air Corps 7o c.1ro 1nto 1y office yesterday end asked me something
goout hi_h oct-une fuele. I oald like hin to et on hias feet
end ask the same question cgain, because Mr, Ketiering is laying
for him,

Qe 7111 there bLe any probable supply of high octane
£0S 1IN an Mergency”?

A. T cannot ansiecr thet, not being in the fuel businesss
Ho.ever, I v1ll just shov you vhat this octene thing is.
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Theoretically, 1t should be no more difficult to make a high
octanc nuiber than a los octane number, end wilhout getting
into the dcteils of the thing I will show you what the normal
fuel is and whet a simple thing causes this octanc number,
Don't get fraightencd beceuse there are some chemical formules
involved, because they are no different than the number of
rungs in the back of a chair, Practically all the fuels we
use are made up of carbon and hydrogen, end the simplest
combination we have 1s one carbon and four hydrogens. That 1s
callea mcthone gas. Now we put 1n tiro carbons, or three, o1
four, etc., ond there will be o hudrogen on each side of cach
carbon because you have to have four of these 111tle lines

to each one of the corbons, When we get to scven, that is
called "heptane," which 1s just an obscure way of saying
seven. Science 1s, or at least we hove a very good 1dea 1t
1s, something not very well understood, becausec as soon as

we do understend it we sey "My God! That 1s saimple." The
names of these compounds are snother way of counting, an
obscure way of saying "four, five, six, seven," and 1f T
put another one on here you would huve "octane," or cight,
Those, when they cre all in a row like that, are called
"straight—chain" compounds., It 1s o vory interesting

thing that the longer the chain like that, the vorse 1t knocks.
Here 1s en eight carbon i1tem that you cannot usc for fuel at
all.

Now, 1f you tcke cxactly those same carbons and
hyarogens ~ 1t comes out exactly the same, that 18, 1t 1s
octane too, but ithis one you can hardly make knock at all,
In other words, that 1s a hundred octane number. It 1s just
& rearrangement, and 1s purely mechanical, This whole question
of octene number 1s the mechanics of molecules of fuel, Vhy
there was so much difficulty was because everybody was trying
to thaink of 1t in terms of chemistry when these molecules are
Just as much machincs as the enginc 1uselfs The big contri-
bution we rnade to the whole story was when we showed the boys
that 1t wasn!'t the question of gravity or a question of anything
but the way in which this stuff was put togethers A single line
betireen atoms 1s what they call a2 single bond, Funny things
happen. If you were to rub off onc of these fellows and put a
dounle bond in, and then you rub another one off, things happen
lfast, That may make the fuel better, or i1t may meke 1t Worse,

Let!s see what we are dealing withe. This 1s all
elementary mechanicse Think of these lines as being little
springs between solid balls, If we shook the modcl at the
right frequency 1t would vibratec — not unlike a bridge 11th
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a2 dog lrotting across st a certain rote. If you grouped 1t

up 1n enother menncr and had the dog jump on 1t, at irould not
share ot all., It 1s purcly a gucstior of what we call the
synchronous or rcsonance frequencys. The point T am making

15 thetv 1t should not be any more difficult to wm~ke onc

rol cuic than another, but the Pennsylvanis dceep send wells
cutometicelly give this ana some of the shallow wells give
that, ¢nd we erc just in the process of learning how to take
cny one of these things ond transform 1t over into the kind

of thing we wante Then 1f we sey that as of 2 cortiin taime

we went one hundred or one hundred twenty octane fuel in
guentitics such ond such delivezed at such and such place
theie 1s ¢ chance of gelting ate Houever, this is an ontircly
now concept, on onlircly nos business, to change these molecules
eround, w2 hnowv how to distill them off and mcke gesoline,
but how to chenge onc form into anothcr form 15 quatc a ftrack.

The wey the octene number of o fucl 1s gotten is
thirs  They teke octenc ~nd thoy teke the scven crrbon otom
heptane, hich 1s « bad knocker, ond mix those two togethor.
In other uords, per cents of the straight heptenc, or scven
carbon etom, arc -ix:d 'rath per cents of octanc. The one
hundr.d octone nunber i1s pure octanc, the zero octane number
would be the ncptene purc. Theorctaically you could not go
ebove one hundr.d ocltene number, but ve heve o lot of materials
th't ere loss likely to knock cven than purc octanc ot very,
very high compress.ons Jo ere just getting our orl chemists
end our oil physicists to rcalize whet can be done rath these
fucls by jgust shifting the shapc around, Ve have gone into
the gquestion of how effcctive 1s lcad tetracthyl wben you add
1t to on. of thecse thangs, and 1t 1s perfectly marvcloas
vhet con happen. A cubic contimeter of lied per gallon wall
reisc the octane numbur of one fuel by so much, You must not
be surprised when you add the seme amount to ecnothor full
1f you heve ¢s much os ten tines dificrence, Thy? I hoven!t
the slightost adea, but ve know that 1s th cosce Je re
sumply scmbling now <nd vrarking with the scicnce of molecules,
trecting them 25 mechines or ~s things thet vaibrate. T should
s~y thoet 1f o dem nd were cre~ted 1t would not teke them long
to furnich this hundred octerr numb.r in carlots for tirenty
cents ¢ gallone Thoy seid thoy could not poeosibly meke 1t
for 1 ss then o doller a gallon. That was 21l right, o dollar
o gollon ves cheap, but vwth certrin refining processes and
chengang cround 1t came out thet they rere able to do that,
As o munitlons proposition, you could be sefe ain mnking
cert.an types of cpp ratus just es you meoke certain bores for
suns thot shoot ccrtein types of amrmumation, 1f 1t -res an
wconoricelly desarable thaing to do. It docs nov pay to go
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much above one hundred twenty because the etficiency curve
of an engine falls off ~ that 1s, a ten and one-half to one
compression ratio, which vill get you about .37 to .4 pounds
of Tucl per horsepower hour, 1s about the maximum you can
hope to get,

Ce In a war cmergency when 1t might be necessary
to change some of the automotive plants to the manufacture
of aeroplane engines, approximately how long woula 1t take to
make that conversion?

L, That would depend altogether on the demand rote,
For instance, if you came to the Cadillac Motor Car Company (2nd
I am citaing them because thcy nake three different sizes of
engilnes, cight, twelve, and sisteen cylinders, and trhey arec not
tooled up 1n the same way as Chevrolet) 1t would depend altogether
on the demand rate. There are certain types of tools which take
«bout so long to make and if you used the whole twenty—four
hours e day and put three crews of men on 1t, 1t would take so
long to gct that tool. You could stert out by making by hend
certain of the long-tine parts. If you took onc of these
radial engines ( and I do not know vhat the long-time part on
thet 1s, whether 1t 1s cylinder, crenkshaft, or crankcase)
your whole timc problem -rould be  how rany do you want® Sugpose
we .antea to tool up for sometl ing and suppose we took a hundred
& aay s a mnumum at which to start, 1l would tele, I should say,
on an cergency basis threa or four months to start turning out
engin.s. The first day we ran you rould not get many but you
could begin to expecl the Tirst cngine to be put together from
the tools in three to four months! iime. That 15 Just my gucss.
Of course, 1f you put thet up to a tool maker he would 58y e
"You erc crazy," because he 1s thinling of the thing as not
being an cmergency, He would went at least s1x months to naine
months to tool that job, Nevertheless, I think you could get
1t doun to about threc or four months.

Qs Mr. Ketterirg, your very simple c¢xplanation of
the oclonc fuel sugpests another question about bearing materials
Je have the tin bearings ond from our point of view the position
of tin mrkes 1t a problems On the other hand, e beve the copper—
lced bearings and they have been largely designated for use in
aircreft engines. Jo discover that although lead and coppcr
are very casily obteined thoet the mebier of mixing them is
anothcr problem, and as a matter of fact onc of the General
Mo*ors subsidieries, as T und.rstend 1t 15 the only =uccussful



produccr of this type of bearings, o ve roally have a single
Ccou* SCe

A, I should say thel in on cmergency thot could be
brocdened very quickly. You touchcd on onc af the other points
of the ~ulomotive engine — lubrication - and, 1f 1t docs not
bore you, I should lalv to tcll you 2 lubricetaion story. Ue
got into the habit of fccling oials and talking about viscosity,
ctee, md I scaa "I do not bolivve that 1s 211l there as to
o1le" Jo hoa nn uxperionce, caused by a fricnaly conversation
up n Cenada about five or six yorrs agos Two fellows driving
down the road stopned ond talkea to cach other just after the
sno. h d beun plowed off the roed, so that one vheel of cach
cutomobile wos standing in the snowdrift. Jhen they got
throigh tolkaing cach follow sterted has cer and spun the
vheols on the snove After spinning the vhecls on the snow for
« tuz they got oul ~ no chains on —~ ond found that somcthing
vies rong with their axles. They Led spun the vheels until
they ned stuck up lthe diffirential g.ars. They came doum and
oskcd vhat they shoule do about 1te we dad not .ant to breek
exles, so 1o built up o latotle mochiae, a testing fairturc, and
¢ found la~t e could give thom a bushing that they could slip
in thooe go~rs very o-sily end ovoid this trouble, It was not
haep~onan, very often, o hod only a fo - cascs a yeor, but just
cnouch te be vothersorc. saxd " /hy aon!'t we turn ~round
end ~o-rocch tnis oil business cxoctly Jhe other way? Here is
the  csumption  t.as o1l tousting niechiac 1s a dangerous thang,
1t 1¢c 1n the h nds of your cnemy and he can kall you with 1te
The only thang the goeme 1s going to 21lov you to do 1s to
sun 1y the lubricoents You heve to pick out the worst thing
on ~.th thet you can think ol to lubracate that machine with
so 1% 11l not work. Jhat ere you going to usc?" Thinking
ebout viscosity, we decided to get the thinnest dern stuff
vie couvlde After rmch thinkaing the boys decided that chlorocthyl
cther wes the stuff, becausce that was so thain 1t cvaporated
ropidly. Jo traied to pour thot in the beerang, but we could
not mse 1t beeausc ¢s soon <s the beering arned up 1t blow away,
iv £1171ly sut & copo.r tubce 1n the normal o1l plece and scruwed
thais con of cther on there, and thon by laying a werm towel
or rig on it thot would cv-porate end push the stuff down into
the oo ringe It rould not go in there as a laguid at 21l. e
bugoca bettang es to how much pressure vherd ras on that, six
theasend poundo per squarc inch proj.cled arce buing about
Wt our best lubricetang o1l vould rold on the testing mechine
b-fore 1t rould staick upe The boys storted out by putting
1fty mounds, then a hundred pounds, then a little more ond a
1 ttle norc and finally we ren out of -reights at tharty
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thousand pounds — ¢ perfeetly dry gas lubricoted bearing.
Later on we werc perfectly able to actually cxtrude the
herdened shoft by getting some more 1rcights on there without
sticking up, That kaind of uoshed the viscosity thing out of
the nicturce elthough viscosity 1s still en mmportent factor

1 & lot of lubricction. Therce 1s o moterial Ynoun os extreme
pressure lubricont, -which e are using today in procticelly
ell rcer exles end such pl-ces, ond 1t 1s different from
viscosity lubracotion. The o1l forms a week chemicel compound
with one pert of thet buerang. Vaiscosity is nothing but the
cttroction of onc molccule of thet meteriel for onother of the
swme kind, cnd 1f you pul that in between two plotes ond put

a pressure on it ond the pressure gets higher then thot normel
eltraction 1t will shove the stuff out. If you form o woak
compound with the metel, however, 1t con be four or five times
0s strong, buceas. vou hove the chemic. 1 bond between the
lubricent ~nd port of the bearing instecd of Just the solution
pressure between two ports of the seme tyne of noteriol.

flnen ve come to this be-ring question, of coursc the
buering ond the lubricant go wogethure Jo want to gel rad of
tin for on entirely daffoerent recson then you fcllors do. As
you "re running your ecngines fasler the bearing pressures arc
higher end tin renches o limit at vhich 1t pounds out. The
viey e heve gotten round that so fer 1s by thesc now bearing
ncterials  nd by cutting down the thickness of the babbit so
thot 1t docs not flow sidui »yse The coppur—lcad bumring is a
viry peculier mxturc of copper cad leed, vhich hos some
advinte _ecs end some disadvantages. You conaot burn onc of the
things out, you cammot hermcr thum out — some of thom crack —
but ithere 1s o difficulty in thet cervein Finds of lubri
coting oils, ~ftr they heve been used for o while, become
slightly ccid end thet dissolves the leod out of thet bcaring
cnd 11 you hove 1oft is o coppel spongc.  Je hove had some
trouble with thot. However, I think - c con solve the problcm,
I thaink thc Iubricating o1l fellows are putting oxidotion
inhibitors in their oil, +hich provents thot ccid from
formaog ond conscquently your beerings do not dassolve aWEY o
Copper—lcmd becrings hrve o tendency to scr tch. By the
time we got mnolher wer I think we o111 heve herdoned
crocksncfus so thet will be out of the picturc. Some of
the ¢ now methods of hrdening shafts locally orc devcloped
to ~ very high degrec.  The Ohio Craniksh-f4 Compeny « t
Clevelond heve o furnece which heols the surface of the sh It
by induction, squirts mter on 1t, "nd comnlctes the hardening
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operetzons in about ten scconds. It looks as though we erc
going Lo we cble Lo gt otcited to ploy wath thas, but 1t
1111 t 1. 2 lJatile time to get our honds into 1te I cxpecd
herdon d sanfts, 2specaally in aarrcrafte. I think you arc
us.ng herdenced shoefts the re nor, meybe not gless hord, but
they o1 pretty herde

In regerd to the mehang of conoer—leed boorings, thet
technique neo been developed to the point todey so that you could
almost over nisht leoch enothor fellov how to do the job., The
one. uport-nt track an 1t 1s this  There ~re Giro things in a
cop ur—Lecd buorang, one 1s the copoar nd lerd ond the other
1s the rey 1t crystallizos. The oy wie moxe our beorings
caperinentelly —~ I do not knoo how they ro rmeling them in the
foclory — 1< to tale o little pen ond pour in this melted alloy
of 1. d nd conper 1o ciysteliilze v.ry, very shorp crystals
under cortoin vempereture controls. You r-nt thosce crysi~ls to
2}l si~nd uvwp so thot hen your beoraing is rollced up you hove all
these lat-le folloos strrdaing on wnde Thet ]l meke o very,
vory fane beering, but af you have the: lying doum on the sidc
1l 11 Yo no good ot (11 ~ just 11’ ¢ soldicrs stonding up ond
lrng cone Thet 1s onc thing you will not noed to worry cbout
b couee L on osure before you could g.t ~n increasc in .ngines

c coula oot four or faive I Lllors to mele thosc pcaiings for
you. Thir question of bearings ond lubric tion 1is just os
rmert nt s the fucls ~nd the wngincss. I know the o1l fellows
can o ' care of the oils ord we could got you wony sources of
suppsly r o th r quackly on this.

Ce Moy I -sk, sir, an oxplonation. Industry is
vitelly irtoer.stod in netionel defensc, cnd you ereote and
gerep v ny machine tools cach yerr. Do you over give ony
consideretion ¢s to “thether or not the tools, before you screp
th m, might bc uscd for thce menufecturc of other munitions?

Ae  The type of rechines thet ore scrappcd normelly
erc very epecicl mechines. They 2re not ~ny good for anything,
Howcver, ue have o n.tuod of passing thosc r-chincs on dowm the
lince For instence, e retooled our l-boretory completely
1 st yorr »nd put in the very l-test riechirery. Jo had a lot
o1 good rcchanery there but the riechanicnl cguiprent in a
leborctory li'¢ ours is torrably irmorbteont because we re
ol 77s trying to do thc noxt things Theorctically, we scranped
our cld twechinery, but 1t ves not celurlly scropped. Here s
the vey we folloved thet thing through  For instance, a milliag
mechane v nt to th tscd mechinery dealer.e o sead "Follovr
th~t for us, =111l you?" The rniechine deler sold 1t to o fellow
who aid rot neced quite ¢s goow » m~chine os we dad. Thot
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fellov 1n turn, took out n  old mrchine from his shop cnd
pessed 1t on down to < taird man., This 1s the man who

screpped his mochine, The standard useful mochinery is

not screpxed, 1t sinply rcpleces rorsc m chinery, ond the

thing finclly scrasocd 1s this special mechinery, ¢ special

Jig or fixture thet 1s not worth s~ving beeouse 1t Just cluttcers
LUp your mlacc,

An ccononmist care out to scc us one time who wos
writing o poper on the high cost of modul changes in the auto-
mobile industry. I s~ad "It docs not cost anything to
chenge models, 1t 1s "n cconomy or we would not do 1t. The
new cutomobile 1s worth so much more emd the pcople get so much
better job for the some emount of money that 1t does not cost
<nything to changes" It just hepocned thet o short time bofore
thot 2 sprankler head in my office hod broken ond sproyed
down on my desk. They hed t-ken my desk cul to have 1t cleencd
up .nd I .os using as a desk o toeble th~t I had used for boocks,
This fellow vas sitting there and while we were telking they
brought my dcsk 1ne I seid  MHere 1s a good exonples Here
1s this ncw desk coming in, ond theorcticelly I om scrapping
the teble, but actually the teble i1s not whet gets scroppede
In the lost enclysis the thing th-t gets scrapped 15 ¢ soop box
thet some  osherwonan has 2 tub setting on,"

This perticul-r tool thet I spoke cbout thot e treced
through s 2 mlling machine, It aent over to a follow who
1s 1n the manufacturing busincss. He is menufocturing something
for which tiurt vas o fine tool. The thing th-t he scropped
went dom to a fellow in the junk yerd vhere 1t was used for
cutting up m tericl, cnd 1t was perfeetly good enough for thot,
He wanted something to hold ¢ tool so he ecould go through to
get the valusble mrts off, end thc thing hc threv out wos his
old m~chinc ~ thot went to tho screp heape  Thet 1s the
perfectly normel flow of useful goods but the special fixbure
or jig 1t does not pay to keep — you con meke o now one very
much cesicr.

Colonel Jorden  On bchelf of the School, cnd T
know I o stoving wxectly ghel the Student Body ~nd the
Feculvy think, sir, 4c arc under - grc t debt of gr-otitude
to you for coming down here and telking to us.

Dr. Keticring This 1s just es much my busincss as

1t 1s your business, becouse you felloss e going to toke
core of ne 2f jo get into troublc.
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