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. GFNERAL HOIMAN: Gentlemsn, industry must always keep pace with
scientific progress in improving ite production processes. There ls
always a litile better way to dc the Job out in the shop. The reward
for improvement of production processes is a superior product at a lower
cost and in lees time,

Our speaker this morning, Mr. Joseph Geschelin, has devoted many
yeara to design engineering and production in the automective industry.
He 13 the Detroit Editor of the Brogresaive and widely reed publication
"Automotive Industries." In this position he is in close contact daily
with lmprovements of production processea In the automotive fleld,

It is a great pleasure to introduce to you Mr. Joseph Geschelin,
who will discuss "Postwar Development in Mznufacturing Techniques."

MR. GESCHFELIN: Thank you, air, General Vanaman, staff, gentle-
men: It is a great pleasure to be here and T certainly appxe01ate the
privilege of lecturing to the Cnllege oncte 'again. My talk thia time is
more in"the nature of an outline of new developments because I have been
asked to touch on as many new developmente es poasible. I doubt whether
1t will e possible for me to expand on many of these, except perhaps in
the question pericd, So what I will give you is primarily an outline,
with the pmssidility that parts of the outline might be followed later
by studies of the develepments that we discuss.,

One thing that I would like to mention, tecause of its importance
to the naticnal picturs itself ls the tendency in mass-production
industry--I don't know to what extent In other industries, tut at least
in the automotive industry--the tendency toward the installatien cf the
so-called transfer machinery.  This machinery is completely autamatic;
it requires no operator attention, and it is a remarkable adjunct to
the producticn process because of its greatly increased productivity
But the difficulty from your standpoint and from the standpcirt of’
national security is the fact that such machinery absclutely freezes
the facility to a particular deaign. That means that if we were faced
~with an emergency guch a8 we had in World War 171, there is absolutely
no possibility of converting such Tacilities to- the making cof any other
product. To make it more specific, Buick has transfer wachinery for
machining the cylinder dlock and cylinder head. None of that machinery,
or even parts of it, could be salvaged for making anything except that
cylinder block and ¢ylinder head, The same thing goes for the machinery
at Cldsmobile and in other planta. I think that is an important thing to
remember bscause it emphasizes in my mind the need for having and storing
scmewhere a great deal of gonerel purpose machinery thet can be swung
into action as we need 1t,
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The second point of general interest is the necessity, in my
opinion, of coordinating the advance in military designs with the
knowledge in industry of manufacturing processes. T think that wherever
possidble there ought to be a cooperative effort between the engineering
and design branches of the Military Establishment and the specialisis
in production industry, because we know in precduction industry that very
frequently a design which is created purely from a functional standpeint
is: not always the best possible design from the standroint of production
economy. Since frequently just minor modificaticns in the design of a
product will make ite production possible by improved methods, T think
it is very well worth studying. s

T would like to high spot a few things in the fleld of metal
cutting. One of the developments which is no longer new but still can
stand considerably more expansion 1is the art of surface broaching.
Surface broaching has been very widely applied. It Is a process that
primarily reduces nilling coperationg. Cenerally svpeaking--of ccurse it
will vary with applications--surface brosching takes a meventh to a
tenth of the milling tlme. It 18 an extremely fast operaticn.

One-of the interesting thinga at Oldsmobile that could have cther
applicaticng is a new machine made by Cincinrati Milling which is a
combination of milling and surface broaching within cne machine. That
is used on the cylinder head. The reason they combine milling and
surface broaching is because no matter how well controlled the castings
are, you usually get hard spots., The surface troaching operation has
been unable to cope with the hard spots, and they have had gome diffi-
culty in keeping toola going. Now, by putting In milling cutters Just
ahead of the surface broaching toolas, the milling cutter romoves the
surface scale and the purface broaching tool does the rest.

Another very unusual machine which, of course, is‘adaptable "mly
to mass production, is the Gisholt Turn Mill. It is an automatic
machine for turning crankshafts. It dees in one machine what you do
today in a number of single operations. You will find an example of
that machine at Continental Motors at Muskegon. It is an extrerely
- flexible machine which handles a variety of crankshafts at the same
time provided they are of lengths suitable fcr the cernters of the machine
Two of these machines are used by Cadillac orn the new V-8 crankshaft.

Another development, primarily a postwar develcpment, is the Micro-
matic honing machine, Honing is very widely used today for getting an
extremely fine finish on the bore within very fine tolerznces. Honing
has never been associated with metal removal; it has been in the
nature of a lapping operation where the amount of metal removed is
hardly measurable, But these new machines are capable of taking off
as much as 3C one-thousandths of an inck (C.030) of stock, yet give n
perfection of bore--concentricity end frecdom from bell mouth, or any
other imperfections.
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The important point about it 1s that you can noy apply this method
a8 a metal removal method. In certain cases you can apply it to do the
complete Jjob-in one operation instead of starting with a rough forging
and finishing, and you can complete the bore within fine tolerances without

uaing intermediate scnlifinishing operations and without using grinding
at the end - .

Another development of perhaps minor Interest is sometrlng that

ves done by Bulck research workers very recently in. their welding labora-
tory. . They are experimenting with the use of the submerged arc welding
technique which was originated by Linceln., Up to now gubmerged welding
has been used to make long welds such ss on an awtomobile frame or any
other mechanism, but there are times when it 1s desirable tc have inter-

rupted welding. That is, you weld a certain length end ther Sklp and
weld again, and no one has accomplished that up to now,

Buick production specialiats found it necessary because on the
Dynaflow trapnsmission they have to weld the ring gear to a disc. They
found If they made a complete seam weld arocund the circle,: it would dis-

. tort -both the disc and gear. They found it necessary to weld at only
three or four pointa at the most, So they developed an electronic
control; which automatically times the welding cycle. so. a8 -to start the
arc and break it within a fraction of a second. There may te other
applications of thia technique, : :

Moat of you are familiar with powder metallurgy. . The cnly thing
new about it that I know of is the fact that the people vho are making
powdered parts can now make them out of slmost any useful metal. You
will remember before the war it was mors or less restricted to bronze
alloys and iron. Today they can uge zine, aluminum, or almcst any
useful metal they want; I think that is the ‘main COntrlbutlcn to the
art at the moment. e

There . has been & tremendous sdvance in heat treatlng techn1ques
particu;arly induction heating. Originally, this high-~freguency machine
was designed. for hardening psrts. During the war it was found very
ugeful for heating forging blanks which hed previously besn heated in
a furnace. The most extensive application of induction heating and
induction hardening equipment that exist in the country will be found
at the Louisville plant of International Harvester. I don’t inow how
many million dollars worth of equipment they have there, but certainly
it is by far the biggest plant in the country, I would say.

Today induction hardening is used for heat-treatments and, par-
ticularly, for selective heat-trestments; that is, where a fairly
complicated part requires hardening only at ocrtain portions, Induction
hardening will do *hat without any masking such as you would have to do
in an ordinary furnace. I think the biggest value of induction equip-
ment tcday ila in the heating of forging blanks. The time cycle ig a
greoat deal faster than in a conventional furnaece and corntrol is mmch
mere poaitive, comtrel being very essential in forging operations.
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One of the new things in this field is the Cincinnati: flame
hardening machine. Now there 1s nothing new about flame nardening,
but the new thing. that Cincinnati has added to the flame hardening
machine is slectroenic control of the surface temperatures. Yeu will
find most flame hardening machines have no control whatever of metal
temperature. The Cincinnatl mechine has a control that starts right
with the temperature at the surface of the material, shutting off the
arc as soon as the proper temperature 1s reached.

An interesting trick in heat-treatment ia the use of a carbon-
nitrogen atmosphere which has been developed at Bulck. Builck factories,
incidentally, have been responsible for many developments in the heat-
treating art. This processg is similar to the nltrogen hardenlng process
except they use normal materials and introduce nitrogen in the Torm cf
ammonis gas into a standard furnece. The usefulness of this method
lies in the fact that Buick has replaced cyanide hardening for a great
many miscellaneous pressed steel parts. This process ig’ much quicker
and givea better quality control. '

I don't ¥now how familiar you are with the electrostatic painting
but that is an important postwar development. You may have seen an
epplication of the procesa during the war in the technique that was
called "detearing,” used in the painting of ordnance parts, such as the
shell for land mines, and also scme of the shell casings where 1t was
desirable to eliminate varmish drip. That type of technique has been

- applied to spraying paint, and the bleogest advantage of the process,

apart from the Tact that 1t is completely automatic so that you reduce
the number of people required, ls that it can save about 50 percent of
the paint normally consumed. So from the stendpoint of conservation
that is a very lmportant process to consider.

There are several things happening in the heat-treating fleld,
but unfortunately I can't give the complete story because these things
are 8¢ new they haven't vet been completed, I simply want to give you
the informetion on them in advance. I refer to the adoption of the
mr-tempering process. The unique fezture of the rresent development
is the posgivility of completely mechenizing the entire heat treating
cycle, and greatly reducing the time involved. They save a lot of
mzchining operations, and so on, I will read Just & paragraph of
something that was mentioned about two weeks ago by one of the metal-
lurgists on mar-tempering.

"Of the recent developments this is one the most outstanding.
High hardness, comparable to water or oil gquenching, is avallable with
a remarkable control of distortion, In many cases the savings made
possible by this distortion control will more than cover the entire
neat-treating costs, Mar-tempering is often combined with carburizing,
and the entire treatment 18 accomplished with one heating. The following
represent some applications: Crankshafts, trensmission gears, auto-
matic transmisgsion parts, bearing races, yllnder alecves, etc.
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"Induction heating has also Yeen used in conjunction with aus-
temvering and mer-tempering on en experimental basis. Gezrs which have
been mar-tempered from the inductor block show very little distortion
and highly favoradle residual stress patterns. Induction heating and
2 subsequent mar-tempering operation lende itself to hardening numerous
small parts where distortion and residual stresses present & contending
problem,”

Now there 1s 2 lot more going on in the heat-treatment ficld. TFor
example, Ford factorlos are overating an independent forge plant in
Canton, and most of the Ford forgings arc made there. Incidental to
the cperation of this plant, they have installed what is called cycle
amealing., Cycle annesling is an iscthermal salt-bath treatment. Now
the beauty of this process is the fact that the salt-bath furnace can
be placed adjacent to en individual forging press to accomplish two
things simultancously. Net only does it anneal, but it alavc reroves
all of the scalc. Whatever scale you get in the forging process is
knocked off in the salt bath, It is dons without eny handling because
the operator takes the forging out of the nress and gimply dreps it
into a chute leading into the salt bath. They are making tremendcus
gavings there. The importent thing about the process, though, apart
from the fact that you do doth processes gimiltancously, 13 that the
annealing time now renges from one to two hours. The comparadble rate
of the conventional method runs from 6 to 24 hours., Thet will give you
some idea of what can be accomplished,

While we are talking about forgings, It might interest you to Xnow
that one of the latest developments ir the forging field is the ues
of press forging. That again is nct new. I think most of you have
heard sbout it., But the art of press forging is being expanded and
is replacing hammer ferging in many cases. T might mention that the
Ford plant has placed in prroduction the extrusion forging process.
I believe that plant is the only one doing it in large~-volume production.

Ford is making steering knuckles, for example, by extrusion., A
discussion of Just thet ome thing zlone, to give you an cxample of what
I am up againat, would take a complete lecture. Not the least advantage
of this technique is that they save not less than one nound of weight
per billet. If you multiply the number of knuckles the Ford plant
neocds by ono pound and convert that to tons, you get some idec of the
saving, coupled with the fact that you don't have to trananort excess
material. In addition, the extrusion forging proccss--for reasons
that are beyond me--gives much better control of the dimensions than
the normal forging process doos, with the rosult that very littls excess
metal 18 left for finishing. That is a virtue in reducing the mechining
time. -

I was asked to commont on the special technigues in the ficld of
moterials that were in the news about a year asgo. The use of cxygen in
gtenl making was gpecifically mentioned. When this process wes firet
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rromoted, our understanding was that it was designed to greatly apeed
up open-hearth and electric furnace melting procedures. I checked soms
months ago and found that the metallurgists ran into a snag, that the
oxygen not only speeded up the process, but It speeded up the burning of
the roofs of the furnaces very materially. This caused them to wonder

.Juat where the economy lay. While the steel-mzking process could be

speaeded up the furnaces went down and had to be rebuilt. I asked one of
our metallurgists tc check up for me just last week and he reported that
in the opinion of gteel makers the process has been cverrated, that it ic
being used only to a slight degree, and only in pertions of the cycle.

S¢ I would say. 1t apparently is not so important as it was made out to be

Aa to materlals, there is not much I can tell you becausc often
new materials are obtsined, and you are familiar with the current develo
ments, The only new thing I have sSeen ig an anncuncement mads dy Inter-
naticnal Nickel Ceo., just within the week, announcing the development
of ductile cast iron which I think i8 gquite unique. The iron corbines
the properties of gray iron with the properties cf cast steel. This
company knows how to make ductile cast lron. It ia done with controlled
introduction of magnesium. T have here a paper that I can leave with
you. {Retained by Production Branch.) The Intermaticnal Nickel Co. is
apparently in a position to impart this technigue to any foundry that
wants to use it. It is really a marvelous thing because with cast-iron
practices you now get the physical properties of steel, and you get a
great deal more ductility than you can ordinarily get with iron,

Ancther interesting thing is a line of liguild reain for making
foundry match plates and pattern firytures. I don't know anything abocut
it beyond the literature the company sent to me. It is making a type of
liguld resin that lends itself to the making of foundry match plates
and pattern fixtures and even dies for light press worir. The company
claims. that this material has vory low shrinkage so it can be cast into
molds -and come out Just about the sizé you want. This material has
great accuracy of detall, comparable almost with die sinking, and is
easily machinable so you car mackine it intc any shape desired. I was
told by one of the representatives of the International Nickel Co. that
gulte & number of manufacturers around Detroit are actually using this
waterial.

The only other thing I can add hore is the fach thet I vieited the
Rochester Preoducts Division of General Motors in Rochester a Tew weeks
ago. I was quite surprised to find its people had converted entirely
from what they did during the war. During the war they made a lot of
ordriance parts and electrical equipment. A1l that is out. Their main
business now is as the Fuel Division of Cencral Motors. I think from
that atandpoint it will be intoresting to you. General Motors has
become the biggest producers of tubing Tor automobile pecple, making
low-preasure and high-pressure tubing, the latter for kydraulic brake 11
linings, while low-pressure tubing is for vacuum lines, o1l lines, gas
iines, and so on. Tubing is madec by the hundreds of miles.
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General Motors has one process that 1s rather unique. In fact, it
‘is Just getting into operation rlght now, that is, the continucus copper
‘plating of steel tubing. This company has a zeries of irmersion tanike
linecd up with blocks in between to continue the electrical contact in
the baths, and the interesting thing about it is the possibility of
running tubing through at 80 feet per minute, producing a coating of
about four ton-thousandths of an inch continuously. It is really
remarkable. It may have some uSG;ulnoss. '

Gentlemen, that sums up the high spotting and, a+ your pleasure, if
I can expand on any of it, I will be glad to do it‘ mh-a.nk you.

QUESTION: Your new broaching machine, sir, sounds very intriguing.
I wonder if you would go a little deeper into the discussicn of it.
Will it take large castings, 1s there much tooling invelved, and can
holeg be broached?

ME, GESCHELIN: The broaching machine T spezk of is anct intended
for cagtings. The thing I am talking about is called surface broaching,
and what you do there iz to generastc any kind of external contour that
you want as jong as it iz external, For example, it is being used in
"blading for gas turbines. It is also being used at Allison Tor broaching
the wheel into which the buclkets or btlades arc-act. The cavity 1s done
by surface breaching by a series of operations.

Onez example of how broaching is used most effestively in the suto-
motive industry is the modern way of making 2 conmecting vcd. The con-
necting red is forged in ons viece, that ig, the rod and cap are forged
together. Ycu can pass that through the trozching mactine, whieh will
in one operstion finish the length of the bogscs for the belt holes,
the sides, 2nd then in that same machine or arcther macinine you use a
broaching tocl which is very thin. It is in effect a saw, waich cuts
the two apart. Then, after they Are sawed apart, you put tacn back
intc the broaching machine and with a circular sghaped tool you czn
finish the half- round role. Now to contenst that with conventionzl
operation: It eliminates mlllﬁn@, it sliminstes grinding; it z2liminates
many - other onprut onsa.

QUESTION: Will you expand- your rcmarks on cloctrvs+atic peinting?

MR. GESCHELIN: WeXl, T think the bost'waya-withcut trying to zgo
into the design of the thinz--ig to descrite onc tynical arplication,
One of the earliest appllcations is at Gabriel, Gabricl makes snock
absorters at Cleveland. For this discussion the shock abscrber ig vri-
warily a cylinder. The problem ordinarily is thet if you have a sylinder,
it 18 usuelly necegsary to uge corveyors with spimning ©ixtures con them.
You must spin the work arcund while the niece is passing by the apray
gunn, In the newv prncess they encrgize the path through which the con-
Veyor passes. R
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This electrostatic field i1s sc arranged that it tends to force the
particles of paint completely arcund the work, and the paint covers the
whole piece completely. Because it does that, you can adjust the spray
nozzle 80 as 1o eliminate all over-spray. That is one reason why you
can get a reduction in paint volume of sometimes 50 percant and more.

More recently they have gone even into spraying irregular shaped
pieces.» For example, take the automobile hoed or fender, and, depending
on thelr size, you can put on three or four on a fixture to give approxi-
mately cylindrical form, or come, which can be painted by electrostatic
spray. Apparently there 1s nc limit on its applications since factories
are attempting to spray a complete automobile. There are no sperators.
The guns are completely automatic, The main thing that does the trick
is this electrostatic field. You can see it at Gabrilel; HOude at
Buffalo has the same metup on shoclk absorbers.

QUESTTON: What products are they making in powdered metals? What

- metalas are uged in the automotive industry?

MR. GESCHELIN: Well, it is 2 little hard for me to visualize alil
the products they do meke. One of the commenest is the ¢il pump gear.
That i3 where you use a spur gear o0il pump. That has been made for =
great many years. Both gears are made with powder iron, Just purs Fe.
They are made right to dimension and require no finishing to dimensions.

Mechanical clutch facings are made by powder metallurgy. Examples
are the bronze clutch facings made by S. K. Wellman and Raybeatos-
Manhattan, the people who made them during the war for military vehicles-
for clutches and brakes.

Generally speaking, powder metallurgy is very useful wherever you
have an extremely intricate part that does = functional job, and where
you don't require very high physical propertiea. Obviously, physical
properties can't be high with this methed becaunse it is primarily a
nenferrous process, except for the irons. But you can make parts of
great Intricacy--cams, cam profiles, fingers of all kinés--in copper,
bronze, iron, aluminum, or zinc., The main thing about it is that you
have to select the parts that are rsquired in great quantity so you
can Jjustify making the dies. Apart from that, if you deo have adequate
volume, you can probzbly beat any other process. You can beat any
process that requires machining becausc these pieceg come out to form
without any machining vhatever.

QUESTION: Could you give us 2ny more information on extrusion
forging?

MR. GESCHELIN: General Vanamen brought up that point curing the
recenss, ard I have left a copy of an SAE paper that describes the Ford
process very completely. I think you would get the cnswer more satis-
factorily there. What I can tell you, though, i1s that Ford has done
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considerable work with steering knuckles made by the conventional hammer
process and by extrusion forging. Ford finds 1t gets much better flow
lines 2nd much better control of these linea. Physical propertles cre
improved somewhat. In fact, I think there are some tabular dats in this
paper. I think the improvement 1s very marked In physical properties.

Incidentally, in this extrusion process, I think you can liken it
to any phencmena of plastic flow In that they start with Just 2 alug,
Just 2 small cylinder that is squoezed into a die. The greatest virtue
this extrusion process has, as I visuwalize it, 1s in making parts where
there is a big difference in sections. The steering knuckle iz an ex-
cellent example because you have a big rectangular flange with a long
atub end. The axle shaft 1s another example of z pilece that might be
out of the range of extrusion forging, but nevertheless an sxample of
what can be done, becanse there you have a flange cof relatively large
diemeter and a long shaft of small diameter.

QUESTION: What is the reaction of the workers to theeé new pro-
duction machines? ‘

MR. GESCHELIN: Well, T don’t believe that their reaction could
hold back the inmtroduction of wmachinea, What has happered is thia:
Every once in a while when a machine is introducsd--you may have seen
thls in the papers; I em not saying anything that is confidsntial--there
have bsen disputes. Obviously from an englineering standpolnt when you
buy a new iype machine, you buy it only because of economic conaiderations.
You buy it because you can get higher productivity out of it. The amount
of effort on the part of the aperator usually iz less ard loss with the
Introduction of these specialized machines, and yet the operator insists
and the union insiste upon the rates that have been eatablished on that
particular operation, regardless of the machine. So if you had a standard,
say, of 200 pieces an hour on an older machine, znd then you took the
0ld machine out and put in & new one, and the new one ia capeble of
turning out 1,000 pieces an hour, despite the fact that the operator
does not contribute any more, the union will still try to hold the ocubput
of that machine down to 200 pileces. That has been tried,

On the other hand, new machines are being introduced a’l the time
and I think these things are being ironed out. I delieve that one of
the reasons 1t is possible to iron it out today 1s beczuse the automo-
bile industry has had & constantly increasing curve of production, with
the result that the introduction of new equipment has never produced
layoffs of working men. I don't know of an instance where invrodicing
new machinery in an autcmebile plant has made it necessary to lay off
people. What has happened is this: They may reduce the numbzr of
people 1n one department, but those people are then shifted over scme-
where elde, bocauss thers has been a Sremendous expansicn of activity.
0Of course, if we run into depression corditions at some time, that is
another matter. You couldn't help yourself there no matter what kind
of equipment you had,

9
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QUESTICN: In welding automotive parté, for instance, on your gear
rack and your drum in the Dynaflow, will you please tell una what
methods you uase to check for defects In the weld, such as cracks?

MR, GESCHELIN: They don't. It is purely visual. That is not so
important naturally as a pressure vessel, for example, The nnly function
of that weld is to hold the starting ring to the flywheel. The starting
ring is used only occasionally when you start the engine. The load isg
not great. The amount of weld they have in there--probably six tc oight
inches of weld--has enough shear capacity so that oven if it has defective
apots, 1t still wouldn't matter.

QUESTICN: What about other welds throughout‘the hody, machine parts
and things like that?

MR. GESCHELIN: There is vory little welding done cxcept on the
body. Of course, on the body you have a tremendous number of welds. I
don't believe autemobile parts, from the standpoint of economy, cen stend
very much inspection of the type that you would have in pressure vessels.
On naval parta, for exemple, that type ef inspection has been found
necessary. What they try to do is control gquality, primarily by control-
ling the work--that is cleanness of the work. ZEverything is cleancd
thoroughly, chemically cleaned--and then by control of the machine itself
For example, in this sc-called skip welding procegs there is elscironic
control of the cycle and the timing of that is very precise. That is
about as far as 1%t goes., Then the weld is inspected visually.

QUESTION: On this automatic transfer machine which freeczes design,
how many operations are these machines good for normally, 100,000, a
million, five million, or what? What is the life of the machino?

MR. GESCHELIN: T would say the life of a machine is indefinite.
Of course, we have had no experience with one, but you know as well as
I do that there are lathes and presses and forging mechines being usecd
in industry today that werc used before I ever knew anything about auto-
motive plantg. There are plenty of machinea 2C and 20 yeara old that
are still working. All they need is maintenance. The thing you have 1o
remember is in mass production the controlling element is abaclescence.

‘1 don't cere how much money Buick or Oldsmobile or Cadillac invest in

transfer machines, if a ycar from now or five years from now they are
8till ir business and they still have demand for their products, and scme
manufacturer comes along with a better transfer wachine, they will throw
out what they havec and put the other in, provided they cen prove it
economically sound. That proceass gocs on. A lot of machinery isg
scrapped, not becaunse 1t has become ineffective, but simply because of
obsolecscence. That is the only reason the cost of things has been held
the way they have until the present postwar period. '

QUESTICN: Can you tell us more abcut this licuid resin they arse
using in cast molding? Is that from cozl, pstroleum, cellulese, or scme
new material?



MR. GESCHELIN: It is not a new material. I have a bulletin here
that will give you the picture, That will be a lot simpler. I haven't
attempted to go Into that.

COMMANDER FAIRCHILD: Would you discusa the Rabinow cliutch we read
about approximately a year ago, where they use steel filings with a
magnetic arrangement. The clutch was developed by the Buresu of Standards.

MR. GESCHELIN: Rabinow, as a matter of fact, ig preseniing a paper
on that right now in Clsveland. It is an SAE transportatiocn meeting and
he was called on to present the paper. I should hegitate Lo venture any
opinion for putlication. I think it has been given a lot of publicity
and all I can say is that it is not a device that has had the benelit
of any ccrmercial development whatever. It simply hes had & lob of
public attention. I don't think I would want to go beyond saying that.

COMMANDER FATRCHILD: On behalf of the College, I wish to thank
you for a very excellent lecture and especially for the question period.
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