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GAUGES 

14 ~arCn 1950 

COLONEL .HE~.~: Gentlemen, the inspection by industry and the 
military services of the tremendous number of items produced to 
meet the requirements is one of the most important of the factors 
of production. ~Jillions of man-hours in design, contracting,, and 
production have been exoended to produce an ~nd item. If it does 
not meet the Specifications, we are seriously hampered~ because 
not only is the end item v~orthless, but we have wasted manpower. 
and vital raw materials. The use of.gau~es and precision measuring 
instruments is. one means of assuring that.an end item will meet 
the Specifications. 

Our speaker today is an old friend of the .COllege. He-has 
traveled all over the country giving out this sam~ information. 
I can assure you that you will be very much ~leased with his talk 
and with his demonstrations. He is at present quality control 
engineer 'of the Federal Products C rporatmon and is outstanding in ~O " 

his field. He is known simply as Cliff Kennedy and as such I give 
him to you. 

MR. KENNEDY: Gentlemen, my talk will be on gauges. This subject 
coUld involve a ~r~at many hours, but I am limited to a short period, 
So I will have to co~:~fine my talk to only a few of the high spots. 

First of all, I would like to wipe out of your minds any thought 
that t~lis will be a 6omJ~erc~ial. talk., lam trying to represent the- 
entire gauging indnstry. 1~aturaily I am .usin~ our own equipment more 
or less to demonstrate what I am saying, but i do have some of our 
competitors, equipmG~ here.. If i inadvertehtly slip back 'into our 
company,s vernacular, I ho~e you will excuse me and remember that we 
are talking about the gauging industry as a whole. 

Before we bear down on the main target of this discussion, there 
are a couple of little thines in the background that I would like:to 
offer. It is like an artist when he is painting a picture. He ha~, 
the main target of his picture, but he puts sufficient background in 
to fill it out. 

The idea of measurement started probably when some,men in prehistoric 
times said: "I want another thing like that." i~eedless to say, he 
didn't ~et it, because in nature, as well as:in industry and everything 
else, duplication is impossible. If we could just simply duplicate 
things, gentlemen, we could do without a lot of these engineers, and 
that would be a decided effort. 
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ileasurement is probably the most common human activitg. You look 
at your watches frequently, measuring time. That is one of the common 
forms Of measurement. Somebody mentions ~altimore and the first question 
that pops into your heed is: "How far is it?" You instinctively 
measure the height of a step as you step up, or else you fa].l fiat on 
your face. (There are situ, ations at two o'clock in the morning when 
that instinct doesn't work so well.) ~:~hen a baby is born, the firs~t 
question isn't "Is it living?" or "How is the mother?" or "What is its 
name?" I~o. The first question is, "Ho%,v much does it weigh?" ~.e 
measure, measure, and measure. ~ -  : 

I am not certain ~h~her th~ hen or the egg came ffrst, but so far 
as industrial progress is concerned, measurement, and industry seem to 
be inextricably tied together. V~hatev~r progress we have made in 
industry has been helped by measurement . . . .  

Just at present I think measurement is a little bit ahead of 
industrial progress. V~e are able confidently, to determine a size 
difference of a millionth Of an inch. I doubt the ability of industry- 
yet to make a size difference in a machine process regularly to a 

millionth. 

Maybe some of you don't know what a millionth is, so I wiil give 
you a little home work. All you have to do is to secure a hair and 
spli t it into three thousand parts~ Then any one of those little 
filaments would be very c~ose to a millionth of an inch. . .  

Going back into history, one of the original units of measurement, ~ 
used in the days of King Henry, was the distance from th'e end of a 
man's nose to the tip of his extended fingers° That became the yard. 
Then there was the time a little later when they. took sixteen men, 
stood them to~ to heel, and the total length made the rod. One- 
sixteenth of that became the foot. The Saxons used a Roman term 
"uncia," meaning' "thumbnail, ~' as a unit of length; and that became 
the inch. Even today the barleycorn, a little length about three- 
eights of an inch, is used in the shoe industry. 

Probably the most successfui thing in the ~1~id of m~asuremGnt 
was the effort of the French, who took the circumference of the earth 
and divided it into some thirty million parts. They called .that the 
meter. Then they were wise enough to divide the meter into a hundred 
parts, and they got the centimeter. They divided that still further 
into ten parts and 5ot the millimeter. They multiplied the meter by 

a thousand and got the kilometer. 

In France, in England, and in this country there is a length of 
metal called the standard meter and another called the standard yard. 
~hen you are in trouble with measurements~ you can ~o to the Bureau of 
Standards aria determine tnem accurately. 
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Turning to history in our country, I ~u~pose that our gauging 
started with Our friend Eli ~hitney, th~ man who ~ut mass production 
into the manufacture of muskets. He d~cided it was better to have one 
man m~Ee twenty parts cf a musket, another man make e nother twenty 
parts, and so on. Finally he had another man put them to~ther, 
assemble them. The soldiers of that time, in th~ Revolutionary ~r,'-~ 
liked;his musket, b~cause when they broke a #art in the one they were 
carrying, all they ~ad tO do was to take a musket off som(~body who 
had fallen and t~ere ~as the p~Brt they needed. They could put,it in 
their musket and it worked. Interchan~eabilit~ started then$ ~iass 
production startled then.' Industry has adopted Whitney~s idea. In 
fact industry has brought Whitney's ide~ up to the point now where the 
human bein~ is little more than an automaton. 

Now, Eli ?~hitney realized' that, in order to get parts that would 
be inte.rohangcable and fit together, he had to haw~ ~ some way of 
measuring them. So he designed gauges or templates, the forefathers 
of the Presentd~y snap gauges, tG assure interohangeability and to 
cut out filin~ and fitting st assembly. Industry caught on to ~hitney's 

a mass production philosophy nd made a real science of it; but since his 
time, 1785, it has in general failed to progress very much in the 
matter of gauging. For years nothing was done to improve his methods. 
Industry is still using ~oo much what he invented then. 

Ii visited V~atervliet Arseaal a couple of years ago and there, 
hangin~ on the "~sll, were some thinis that looked like tennis rackets 
or ping pong bats, pieces of wood witb. holes in them. They had found 
them up in some attic. Back in 184.3 the! were used to measure the 
diameter of c~nnonballs. They used quite a lot of them at V~atervliet, 

if you go to Frankford ~ Arsenal, which is r~odernized in very many 
respect~s, you will see still in use there some little slabs of steel 
with holes bored in there,. They are these same terz~is rackets. In 
almost a hundred years t~iere has been no material change in the type 
of gauge used at Frankford Arsenal. I am s~ying that to emohasize the 
lack of progress, the £~ct that there is something better but industry 
hasn't yet found it. 

/~he situation is much better than it was s year ago, when I s~oke 
here last. ~e are going faster. .• But I would like to have you help urge 
still faster progress, and not for the sake of us in the gauge business, 
but for the sake of the poor fellows on the machines, the ones who have 
to make the stuff. Theo~ are half blind~ 

Sometimes I go iato shops stud I see everything up to date--these 
ultrastyled reception rooms, parquet floors, air-con~itioned shops, 
convey~rs for handling materi~ls, automatic machines, and 1lEg machines. 
Ever/ modern conception~ybu csn think of you will find from the place 
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where they receive the materials to where they ship them out. Every- 
thins is up to date from the time we ring the front door bell untlil 
we leave. Some of them have eledtronic calculators that can tell you 
whether you slept the nisht before..or not. You go ~.nto one of these 
beautiful modern olants and you ~et into the shop and look at the 
machines ;. ,and, lo and behold, the.ghost, of Eli Whitney'pops up. For 
gauges bh.ey are still usin~ the 1785 models or at best the 18,58 vintage. 
Gauge manufacturers have not only kept up to date, as I ~ill soon 
demonstrate, but ahead of the race; it's industry, ~nerally, that 
refuses to obsolete the horse and buggy, It makes me feel like setting I 
into a 1950 Cadillac but first putting on cap, goggles, duster, long 
cloak, gauntlets, and gloves. It's just the same sort of anachronism. 

One of the reasons why we must have ~rester prec~.sion i~l measu.ring 
is because the puOlic is de~Janding it.. Some years a/go i owned a Reo 
car that would do fifty miles an hour and which ].asted for 50,000 r..~iles. 
If you buy a car today you expect .it to be able to do lO0 miles an 
hour and to last certainly for lO0,O00 n~iles. The. difference is 
precision, manufacturing tolerance. Back in those Reo~days two 
thousandths was a-marvelous tolerance. ~'~hen they got down to that, 
they thought they were doing a job. Today two-tenths of a thousandth 
is big. "You can.~hy a cat through it," they say. ~e are getting 
more nearly precision ell th~ time.. I thi~fl~ the last thing I saw in 
that was in a plant in lndiana ~here they were grinding Diesel crank- 
shafts and holding them to a tolerance, more or less-successfully, 
of fifteen millionths regularly. The difference, p<~rhsps, betwe~n the 
present-day and the older cars is that today we leave the extra metal - 
in there for you to wear out. instead of cutt!rig it out and letting it 

Lie on th~ floor of the shop. 

You people, as symbolizin~ the armed forces, ar.e ~partly to blame 
for this demand for precision. During t~e list war you let loose a 
lot of stuff about th~ ~'~0rden bombsight. The magazine fellows got h01d 
of it and they glamorized it; We ur, derstood that you could ~pin,point 
your bombing and from 30,000 feet in the air nit an oil drum.. The 
reason you Couldido that was ~hat these bomb" Sights were made in mass 
productio~ to a tolerance Of tenths of ithousandth. 

l~ow what hagpens? A customer like me 6oes to a department sto~e 
and buys an ordinary automatic pencil.. What do I look at? I used. to 
just;take the thing and pay..my money and see if it would write. If it 
would write, I was satisfied.,, i~ov; I .unscrew the cap and lookto see 
how precisely they have made this little shoulder. Ew~n wome'n, have~ 
been 6etting that habit. 2f.we have had no or'her pressure., we.ha.ve 
introduced public pressure f.or precision, for greater wear and grea.ter 
interchangeability," in addition to ordinary production demands. 
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.In your contact with industry and in considering the p~rt that 
gauging ~vill.play in .production, I would like to offer just this sumges- 
tion: ~0u will. meet up .at times with industrial plants and ~ith indus- 
trial p~!anner.s. I don't care what they are making. Le.t us say it is 
a part of a fuze. A lot of money has been spent on the design, that has 
been ~inished, th~ tolaranc~s have be~n set, and the experimental work 
done.: ..iWe..can even assume that a sample part, a prototype, is available, 
on which production has been .tried. At least we hav~ the blueprint of: 
the object, 

You will find- then the print of. the part going throusn a series of 
tool, equipment,, m@thod., .and layout engineers. These fellows carefully 
decide what sort of machines an6 tools will be used and the process or 
routine of operations. They ma:T decid~ that one p.art is acing to b~ 
made on a ~arnen and Swazey machine and somethins els~ is ~oing.to be 
made on another type of machine. They propose f~ctory layoutsj including 
conveyors and handling and .~ven the lighting arrahs~ment. Production.. 
control schedules are organized° The .stoo watch boys g~t in there long 
befor~ the manufacturing begins, " They do some watch Clicking and then 
go back to their offices and set up the incentive pay rates. You may 
have a .pilot order or somethin~ of .that nature. So the machines.. are 
there, the layout is there, and everything is going perfectly s'moothly. 

Then the time comes when .the first few pieces of actual production 
come off the machine. Of cours.e, when the first pieces come out, there. 
is always some high offici~-i of .the plant standing bhere. Ha.is usually 
the big boss. The first question alwaysis, "Does it meet the blueprint? 
Let us measu.re it." I have lived: through all this basic experie.nce, too 
many- times. 

i~y first experie.nca .along tha.t line. wan at the Denver ordnance 
plant, where I was the chief inspector.. The first few cartridge points 
had just come out, and my big boss, who was a colonel, was standing 
there. He asked just that question, In~theaverags shoP, measuring 
equipment is about._~ss . common as fi.re .extinguishers or sprinklers or 
the air you breathe. Somebody. has. a pair of "mikes" o.r somethins to 
measure ~with. But not at that prairie plant at Denver. Instead of 
the boys carrying "mikes" in their pockets, as they usually do, it was 
more natural at this plant for the boys tocarry guns in their holsters. 
~Wy face was a beautifu! pink. I had to send a man nearly half a mile, 
away over. to the tool shop, to get an ordinary pair of "mikes." 

Those ranchers out there just naturally didn't have micrometers or 
any other measurint~ tools in their kitS.. On the other nand~ no matter 
how up. to date the. fa.ctory, many mbderr. ~ products are sufficiently 
intr'icate in design and the specifications call for such precisions in 
manufacture that traditional and stereotyped ~auging equipment simply 
will not suffice. A special tyoe-of gau~e is neeaed. 
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~Wnat I want to point out to you, whoare part of this ~icture, is 
that as a product is beins designed, as the process and machiningare 
being worked out, right then is the time to select, design, and. decide 
on gauging equipment.. Inspectors and gauge makers can read blu.eprint~s; 
All they need is a print of the part to be measured. Or, if we can g@~ 
one sample, that-is very helpful. We can figure out all that is 
necessarv in the nature of gauging equipment and inspection.procedure. 
~e can set up the quality control routine way ahead of time and have ~~ 
that all in. ~e may have to cocoon it for six mor~hs or a year while 
we are waiting for the other equipment, but we know the thing is ready 
to go. I would like to thr~ that suggestion at you if I don't do-any- 
thing else in my somewhat limited time here. 

The next point that I would like to bring up briefly is that in 
anythin& that you have to do with gauging equipment, you are likely to 
buck up against inspector% engineers, and men of that type, lab0ratory 
men--c'ertainly a bunch of men w~_o will not have to make the article. 
They won't have to stand at the machine all day long. Some of them .... 
never have. They don't have even the remotest idea of' what that is 
like. You should 91an,'design, and .ourchase your gauging equipment for 
the.operator, not for the inspector or the engineer or anyone else. 
The fellow to be thought of is the operator on the machine. If you ~ 
make a situation so very difficult for' that man to measure what he is 
doing, he won't measure it. If it tires him to do so and he is o n piece 
rate, he is going to take care of his pocketbook and say "To hock witN 
the size." So my next little warning is to d~sign anything in con- 
nection with gauging pretty much for the man at the machine, at the 
operation, who is making the stuff, If necessary to have some in- 
spectors, all right; but let them use the operator:s gauge. If the 
laboratory man has to learn something about the part, O. K., bring 
him in, but let him use the same ~auge. 

Here is an economic gem, gentlemen: The closer rio the source 
of manufacture you can get the decision made that a part is right or 
wrong, the less that part will cost you and the better will be the 
product you ultimately assemble. That is all there is to it. 

It is better to prevent than it is to correct or sort out. The 
best solution is to ma'ke pieces ri6ht in the first place, and the" Only 
man .who can do that is-the operator. But he needs the equipmentto see 
what he has done. 

I wouldn't want to miss this opportunity of telling you about a 
Buffalo plant where they were making some steering gear parts on grinders, 
and t~lose fellows were trying to hold them to a two-tenths tolerance. 
All they had were some little old "mikes." They would take batches of 
parts from the operators and carry them about fifty yards down the lirie 
to where they had a little air-conditioned room all orettied up. In there 
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was @ bunch Of 6irls and fellows, insoectors, ~nd they ins2ected every 
part~ .... But these inspe'ctors had one of these $500 electric gauges that 
will~m@alsur~ ~ri&ht down to a millionth, i don't know whether any of 
you have ever seen an inspector measure With one of those things 
v~h@re ~ie~ knows he can detect a millionth. He will find a zephyr 
if'~i~ ' is there. ~bout t~ree dsgs later thins man on the machine would 
get a r@port from the inspection room--let us say this is Tuesday--that: .~ 
"Las~t ~ ~Frlday you made 8 percent scrap." 

.% you ever have snyth~ng to. do with a factory, ~lease remember 
that "Rd~fa10 plant and. don't have your inspection down the. line with the 
report coming out a day late. ' And don't have inspectors with better 
equipment than the poor fellow on the machine. Ths.t i~ another piece 
of this. background that I wanted ~o get across to you° 

- I W~iii-T~ive you another little instance of industrial economics, 
and this oomes in what they call mana~ement. If we could geb rid. of 
these c0ntrollers. ~ in ~lants, I think we would be a lot better off. 
Let us S~.y ~nat you ~have a boring,~ rea~n~ing, er internal grindlng job 
going oh ~, ~and .the operator is Checking with s plug ~auge m~de in the 
toolr00m~.7/Y0u go to the controiierland say; "I need a gauge that will 
measure that. hole to a tenth." He will point out that the blueprint 
c.~lls for only a half thousandth, and that he can get this gauge.from 
the toi01room for only $5. I come along as a gauge salesman and I " 
want~him to Spend~$165 for a better gauge or even ~3OO for one like this. 
Did you ever see a controller whenyou suggest that to him? Some of 
them faint. "Too high Priced," they say. "Five dollars" is the answer. 
So they keep right on with this same old gauge, ms.king 5 percent, 8 per- 
cent, 20 Percent, scra~ $. which they throw out at assembly. If the new " 
gauge would enabl e the. operator to cut his scrap 1 percent, 2 percent, 
or even to 5 ~ercent, to say nothina of the loss saved at assembly, 
also to say nothin~ of the cost of a shop shipping out defecti#e products, 
how long do you think it woul d take to pay off a $150 gauge or a $300 
gauge 

If I could only find someway to prevail onthese managements that 
by spending $3OO or $165 for the new ~auge, it would pay for itself in 
six months or even three.months, that the operator will make it pay for 
itself in his scra p ~ . . . . . . .  r~ductlon, .! coulo save these olants a lot of money. 
We hear., about theso tremendous losses in~industry," about not making 
theirprofits. You "are goin~ to near more about it. in the next two or 
three years. But right inside every shop they h~,ve a ~oI d mine if they 
would just pitch right ~int.o it.. It exists in the r~duction of the scrap, 
the r.,eop@ration, the things they do over, ~the unnecessary motions their. 
Peoplemak.e. One of the reasons they don't know it is there is because 
they. ar~ blind. They don,t have ~au~in~ equipment that wiil tell the 
operator~ ~.~ and themselves where they stand.• 

Z 
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The only part that prJ.ce pays is in comparing c6mNetitive designs,: 
The proper gauge costs nothing° If the use of a gauge fails to reduce 
scrap and loss; or if losses would not mount, if the g'auge were not 
used, don't buy, keep, or use that gauge. If accountants would not 
only charge up the cost of a gauge to a department but would also credit 
to it the savings its use effected, we would have a truer picture. 

Here is a little piece of economics that you may be interested in 
(using blackboard diagram to illustrate). In one plant the cost depart- 
ment had numerous %reaking points where it got the inventory valU@ of 
the goOdS produced every week. This study happened' to be taken from a 
screw madEine department. In one week it produced $1Z+,O00 worth of 
items in that condition. That included the overhead and everything 
else. The cost department officials arranged also to get the value in 
dollars of the scrap made that week or the rework operations or s:alvage 
operations. They charged~up the value of any equipment bought in that 
department in order to secure conformance, like gauges, new chucks, 
new tools'-anything that was desi&~ed to make a better product. ~ I:nc!- 
dentally, they ~T, ortized that figure on a 25-week basis. They also SOt 
the inspection pay roll. Then added all this up to a total. They:~ 
ratioed that total in dollars against the goods made. At the time 6his 
thing Started, that ratio was sixteen cents. A few weeks later it Was 
nine cents:. Six weeks later it had gone down ~o six cents. The !as~ 
time I saw them they were shooting for three cents on the dollarj which 

would be a remarkable record. 

l~ow why? They said to their people: "You can incre.ase the-inspec- 
tion,..say roll if you wish and increase the equipment bought to secure 
conformance, provided that in sb doine you decrease the scrap and end 
up with a decrease in the total cost Qf,the article" (still usin@ 
blackboard). They gave them flexibili.ty in the production deoartment~ 
to do things which would brin~ about a reduction in the cost of the 
article .by bringin~ about a reduction in the scrap. 

I can make this clearer~ gentiefnen] by saying theft when management-. 
freezes the amount that it will spend for inspection: and for gauging 
equipment, it automatically freez@s the amount of scrap and rework. 

I am simply.throwing this out ss philosophy, gentlemen. The cost 
of getting quality must b@ evaluated against the Value of quality, :if 
I may put it that way. (Using another blackboard diagram.) Is it ' 
worth it to have, or attempt to nave, a p e:rfect product? Or can you 
have: a little loss that way? Then, ~oing the other way, are ~ou 
having too much? Those are just two little economic tSoughts that 

I wanted to throw at you. 

Another little piece' of philosophy that I would like to give you 
came from an operator in a plant wnere I was some time ago. He had been 
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working for a long time with gauges ofthese simple types, like this plug 
gauge% We gave him an indicating gauge to work With for a few weeks. 
The controller wouldn't buythe gauge, so we loaned it to this operator,, 
got it into his hands on consignment, When we went to the shop later 
to retrieve our property and started to Walk away with it, he spoke up 
and: said,,"Hey, Bud, where are you golng with that gauge2" We tried to 
explain the situation; told him it had not been bought9 that it was 
just there on trial. He made this statement; "You have got to either 
giv~me:that gauge or an equivalent or I quit my 4o~ " d ~. He made a great 
issue~of it. ~eedless to say, the gauge stayed there. 

Then we demanded a little further explanation. We said something 
about the fact that he had been using this 6ther gauge most of his life 
and how ,did hehappen, to get so Charmed with this one? He put it this 
way: "Were you ever driving at nigh% and had your lights go out all 
of a sudden? ~hat did you do? You stopped; sure° Well, all these 
years I~have been working blind. Now I know where I stand° I can see 
how my work is going." For the first time in his life he was enjoying 
the p~easureof putting out goodwork. 

Another thing that crippiesa shop onthe averag e machine is where 
the operator has some simple little part to check that has three or four 
dimensions to be measured. He has six, eight, or ten different kinds. 
of gauge,s. He will have two or three sizes of snap gauges, plug gauges, 
a pair of "mikes~, maybe a plug or so, maybe a vernier caliper. They 
will be strewn over the machine and on his bench or work stand. He has 
to reach around and plck up one gauge and try one dimension. ~ He has 
to reach over and find his,!,mike." If he is an a~tigmatic fellow like 
I am, he has to get this [demonstrating)infocus and fuss with it. 
%hen he picks up a piece from the machine he reaches first for one 
gauge, thenfumbles around for another, leans way over to find the 
third, and maybe hunts fruitlessly for the fourth one. By that time 
he's tired of gauging. Besides, "a lot of his incentive time is used 
up. Theusual result ishisdiscontinuing gauging entirely~andhe 
just takes a chance. 

The modern solutionto the time-wasting problem of scrambling for 
gauges is~to m~ke up a unit, multipl~-pur~ose gauge like this one, 
(demonstrating). Here is a piece'with Several diameters,-lengths, 
and con~entricities to be checked. As you can-see, the operator flips 
the workpiece ~ into.the gauge and,.presto, the indicst.ors tell him .... 
whether it conforms in every particular or not. - 

Or let's take another example. Here is a multiple-dimensional 
type Of piece that a screw machine operator needs to check frequently. . 
The operator measures one diameter with his micrometer, then the next 
one, and so on. He's usins up valuable time as well asenergy. ~ow 
suppose youfurnish him with an indicatin~ gauge like this one. One short 
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click and he knows the first dimension, another click and he reads the 
second, and so on. It took one-tenth thetime and practically no energy. 
A person learns to tell time from a clock almost before he learns to 
read, so an indicator with a clocklike face on it is a natural. 

Let me bring up another point. We make micrometers and' sell a 
great many of them, so I. sm not knocking them necessarily. But here 
is a littl~ four-shoulder piece. Let us do this in the traditions~ way. 
This four-shoulder piec~ comes off the screw machine at the rate of 
about &O0 an hour. The lad wants to know how he is doing. You know, 
98 percent of our workers really want to do a good job. So he takes 
this piece and he has to measure it on one side. ~Then he has to adjust 
this.part up hereto get the other dimension. The chances are that 
then he rollS the gauge on his hairy arm and gets it all full of hairs 
and out of kilter. He has to get two more diameters. 

Let us say he has a little conscience. This materiel is pouring 
off this machine. He has three o~her machines that he has to. run in 
order to make his incentive. All this time he is standing or leaning 
a little bi~ forward. ~ow, the biggest muscle in the body is the one 
that runs f~bm behind the knee on up to the back. Being the biggest 
muscle, it gets the most tired. That is the one that is supporting 
him a-ll this-%ime. I think you can understand wNht.his mental~attitude 
will be. All we suggest, and this is not a "co~ercial," is t~at you 
spend just $15 more--that is all--and give him a clicker gauge like 
this, one with a clock on it. Anybody can read a clock. 

Some of you are goin6 to get s little workout in quality control 
and things of that natur~ in your course this We~k, so I would like 
to bring up another piece of philosophy. This will 2@~ly.pe~h~ps to 
some of you when you are up against contractors and these so-called 
industrialists. You are trying to ~et some Stuff out that you can 
use, that is right. I donJt know whether anybody in this room will 
agree with ~e or not, but that is about the toughest job there is. 
Price doesn't enter the Situation or anything else; just to get it 
the way you want it. If you are up against a shop where out-of- 
tolerance Work and slack quality prevail, the best way ~o cure that 
situation is td do somethin~ tangible about it. ~e have found that 
desk pounding doesn't do very much good. It' doesn't bring the 
dimensions in. Letters don~t do vary much good either, or sending 
out memorandums or directives. ~e find that we nave to get out in 
the shop and do something tangible about ito 

In. the first place, we have to get rid of this old nickel toolroom ' 
gauge that has been giving a Io% of trouble. ~e have to put. in'the 
operator's hands a gauge like this Taft-Pierce model with the lead-in ' 
hall race, that measures the ~ole:~where he can see which way.he is ' 
driving. This particular Taft-Pierce gauge, too, is ~orbide-lined. 

. 1  
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It will preform i00,000 gauging operations without appreciable wear, in 
contrastto this old shop gauge, which is probably worn after it has 
gauged ten pieces. 

The next step will be to furnish the operator with indicating bore 
gauges like this one, with which he can detect the gradual wear of the 
tool and resharpen or change the tool before thework goes out of 
tolerance. 

i~aybe the operator can use a vernier depth gauge, it is taking 
him now five mir~utesto measure this depth, and he :is ~oing to measure 
it many •times. -So we go out to that shop andmay spend $15 more and 

. . . 

give him an .indi'cating depth gauge, and then he can get the depth 
with one motion. ~ 

I donlt oare what it is that you are making, if somebody~ shall 
we say~ in ~ower in that industry higher than the operator comes out 
with something new, something a Little different, and doess6mething 
about it, your quality, your dimensions, and all that sort of thing 
begin to come ino So I would like to urge on you and on industrialists 
that, if you want better quality, get out in the shop for a while. 
Get your coat off and do something about it and you will get the thing 
that you,-want.. 

Another thing that should be brought up this morning is the question 
of trend. If you are driving a car down the road and yo~ are a good 
driver, youkeep a little inside the soft shoulder. You know that if 
you get over to the edge or even get onthe soft shoulder , even the 
best driver is in a position to suddenly sideswipe &stonewall that 
is right alongside the road. The operators in the Shops realize'the 
logic of that principle, but they don't have good-means of steering, 
shall we~say. They drive usually too close to the edge. I am frequently 
amused in a shop to see the operato r keeping~his work near the upper 
tolerance because he knows that if thelwork is'rejected, n~ has some .... 
metal on there that he can cut over a~ain and bring the piece down. 
Nobody h@s yet invented a successful putting-on tool. That is a • 

naturaltendency. 

Now, you kick about his work. You. tell %he operator that a 
lot of the work is going out of tolerance. Generally he "will say,. ,i 
needmore tolerance.,i :Well, you double the tolerance on the. blueprint., 
What does he do? He ~ keeps right up in there right along the upper edge 
and all this space down here is ~one. 

So we are trying to get something that the operator Can see. Here 
is Eli ~;hitney's gauge. Here are three pieces that came off the machine 
about twenty minutes apart that were checked with this gauge. All thr~e 
pieces went in the "Go" gauge. They didn't enter the "no-go" size. He 
wouldn't stop his machine na+~urally with that sort of equipment. 

ll 
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Let us check these three pieces on this indicator gauge. With the 
~o. 1 piece the indicator hand is over here at the left. Here is the 
No. 2 piece, ~Fnich came off twenty minutes later, and the.hand is up 
here to the top. Here is the No. 3 piece, twenty minutes later, and the 
hand has gotten over to the other side. It is over near that red line 
that is his signal to stop before the work goes out of tolerance. 

But now the controller comes into the picture. ~e have a hundred 
machines to equip with .gauges. This first gauge costs ~15 and this 
indicator gauge costs S60° So webuy one hundred of the cheaper ones 
and we continue to make scrap and throw it out the window in our assembly. 

Here is another funny thing, and all this is not a "commercial." 
This indicator gauge will adjust itself over a range of about six of 
these other gauges. He could use one-indicator gauge instead of. six 
plug gauges. Six times $15 is ~ , . ~90. The indicator costs $60° The 
controller could .save himself $30 right there, still you~can't get 
them to do it.. 

There is another bad condit$on in industry which you will run up " 
against if y0u.deal with industry a lot. Whether gauging equipment is 
used or not,. there, is always the situation constantly in industry where 
a batch of work is legitimately rejected. It contains too much out'of- 
tolerance work. It has gone too far the other way, .or something of that 
nature. The fact is, it should not be. accepted and.it should not go 
through any further process. So what do. they do in the average industry, ~ 
They take the batch of work and they move it aro.und to a room that is 
out of sight° .They-call"it the s.alvage crib, ordinarily. They have a 
salvage committee or deviatibn committee, and" they come daily to this 
area. They look over this rejected work. :The committee is usually an 
inspector, an engineerj and a production man. " They go in and they. "pray" 
over the work. Somebody says: "~e will have to have this or it ~ill 
hold up this line" or it will do this, t hat~ or the other. So he says, 
"Let us pass it." Or somebody says; "It is only a half thousandth 
oversize. That doesn't ~ mako an~idifference. Let us pass.it." A 
deviation committee usually passes everything. 

Now, if you have made up your minds ,that the tolerances and the 
standards are so-and-so, why then do .you have the big .boys come d6wn " 
and say in effect to the inspector~ or somebody else: "You were wrong to 
reject%hht. This is all right.'! .Why do you kegp changing? This : 
deviation committee situation, I think, is one of the most serious 
things in industry. If you have a tolerance on your prints~ if you 
have specifications, if you have stsndards, and ff they..are fair and . .. 
proper.~ dontt let that industry continually deviate from them orthe 
process wili get worse and worse. . . .., 

Before .we p.roceed to disc'uss .and describe in some detail the gauging 
equipment that we have here, and before we get to discussing measurements 
in millionths, as we will, let me emohasize one more preliminary point. 
There is a considerable tendency, when plants go into indicating 
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~and electrical gauging equipment, be select apparatus with what we 
ca~li too fine discrimination. ~or ~nstanc~, if the tolerances called 
for ~i~e plus or minus five thousandths, a total of ten thousandths, 
an indicator capable of measuring or subdividing to thousandths or 
half ~Nbus~ndths is plenty adequate. Don't make the operator use a 
gauge that will discriminate to a millionth or a lialf tenth unless 
the work is extra precise or down to, say two millionths. When a 
gauge will readily show tenths or even millionths, there is no need 
of making the operator suffer over such precisicns unless the work 
calls for it~ 

~y main object here this morning, as I understand it, gentlemen, 
is to show you the progress that has been made in gsngingo I will try 
to dora good job of describin~ that a little bit. 

This (demonstrating) is the traditional "go-no go" gauge, like 
pushinga horse into a set of shafts to see if they fit. This is the 
traditional gauge bhat Eli ~hitn~y invented. 

probably the first step in industrial measurement was what we 
call/tSe steel rule. It is just a ruler with which you can measure. 
It islgOOd for measuring to a sixty-fourth of an inch. ~e have some 
mechanics w~o claim they can re~d down to two or three:thousandths 
with a steel ruler. They maF do it once by accidontj but we know 
they cantt do it consistently. The steel rule is all rigkb for rough 
stuff/ for foundry work and such as that. 

POssibly the next Step was thc vernier, t~is little device where 
you t~Ee a Steel rule and put on a little graduation system whereby you 
can measure to a thousandth of an inch. They are somewhat awkward to 
handle. Usually you have to have a glass in order to read them. They 
are still popular. ~e nave gotten now down to a thousandth of an inch. 

~Then along came t h e  micrometers, probably the mo~t useful measuring 
tool there is and in a great many respects the most accurate. Each 
turn of thd screw is one-fortieth of an inch. Each turn is divided into 
twenty, five parts. One twenty-fifth times one-fortieth is a thousandth 
of an inch° A micrometer can be made rugged so it will stay accurate. 
There,s probably no better invention, h~Never, one word of warning. 
While they are graduated andyou are supposed to be able to read to a 
tenth Of a thousandth, we find in practice that nobody can consistently 
read cioser than two-tenths; When you are below two-tenths, you ought 
to go t~ something else. ~ost mechanics by just the exertion of a little 
pressure or the lack of it can change a reading up to a thousandth. 

we ~ made a rather interesting experiment a whi!G ago. Using a set 
of very carefully graduated plug gauges and a" set of very carefully 
graduated holes, we had some twenty men mak~ measurements. We jotted 

13 



16'74 

down their results. ~@~e plotted what they called histograms, which some 
of you will perhaps get in quality control. We made a couple of Cal- 
culations and w~re able to show, and have been able to prove since, that 
the possible variaLion, the ~ossible error, that a man can make with 
this tool will go up to two thousandths of an inch in ordinary everyday 
gauging. Those are some of the daneers of that gauge. 

The next step possibly in this line is the indicator. The indicator 
is accurate to one dial division. This one happens to De Capable of 
measuring down to a thousandth of an inch. You can expect an error of 
about a thousandth of an inch somewhere in the use of this indicator. 
However, you can ~et indicators t ha~ will measure to a tenth of a 
thousandth, and you can expect an error Of a tenth in the use of those 
instrument s. 

I have already spQken of the operator's ability to detect a trend 
that he is following if he has indicatin6 equipment. I think that is 
the most important element in connection with such equipment. 

We can make indicating equipment that will be useful for a number 
of other things° Suppose we have a recess, a pockeD, a depth, that 
we want to measure~ ~e can make indicating equipment with moving anvils 
so that the operator can get many pieces through rapidly. Or if it 
is something that i~ tubular, deep throated, we can design e gauge 
for depth° 

One of ~he most interesting gauges I hav~ run into lately was a 
type of caliper gauge that goes down inside a beer bottle. It folds 
up just like one of these ships that you put in a bottle. Then when 
it gets down inside, it unfolds and measures the thickness of the glass. 
The idea was that .the beer bottlers were losing too many bottles due 
to Uneven glees wa:l!s. The bottles exploded as •they were being filled. 
The bottlers wanted to cut down that loss. 

A similar type of gauge w a s  picked up by the petroleum industry 
for measuring tubing. These things are from thirty Lo fifty feet long. 
The gauge reminds me a little of th~ old star gauges. ~e are getting 
,now into using them with artillery. 

I have spoken here of whgD we call mu!tiple-purpose gauges° I 
brought this one along to brin~.up another point about indicating 
gauges. Let us.say you are interested in an absolute dimension, be 
it a diameter, a bore, 8 length, a width, a d~pth) or something of that 
nature. But there are other elements that are essential. If you 
have moving parts, they must be concentric with each other. They 
can't be e~g-shaped or, oval. In fact, ovality, as the Eng!ish call it, 
is much worse, than a. direct digression from tolerance. It creates more 

If you have had any engineer!ng ~raining, ~cu will realize that we a ~ .  
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there, must be a certain area that they call the bearing surface. If 
one part that is oval is going inside a round part, you lose that 
be~r~ng surface even though your basic diameter is correct, and the 
e~gine or whatever it is goes ~o.pieces ina short while'. 

You have to go ~0. indicating equipment to get ovality, concentricity, 
squar.eness, this thing we call relationship. Here is -: demonstration 
of .it. Let us .say this piece.here is the correct diameter, but, look~ 
it is three or four thousandths, out of round. Youmust have indicating 
equipment or something of that nature to show that t~e worker does 
have .to know whether his machine is performing in true circles or 

doing something else. 

I have one gauge here that is used by foundries. ~e are final.l.y 
.getting, .%he foundries on. the alert. A little less than a year ago 
the:International Harvester ,at Fort ~ayne announced that .it Was going 
to buy castings by the piece instead of by the pound° The.-f.oundry 
after a while admitted that it was making more money, and other 
fou.ndries have admitted that they are making, more money, selling 
castings by the piece than by the Pound. The trick was, they were 
controlling the cores, their web thickness, controlling the amount 
of metal that was going into those cast.in, so International Harve~ter 
made more money because it had less dead metal to cut off. Everybody 
is nappy. ~hy? Because the foundries, instead of calipering and 
~sing a ruler, are now using indicators and getting the measurements 
down to a ten thousandth of an inch and getting control of .their 
operations. 

~e 'have. mov.ed along in accuracY from the steel rule, good for about 
a sixty-fourth of ~ an .inch, up thr0u~h the micrometer to the average in- 
dicator. ~ In Other ~ord,s, we are. where we can measure up to a tenth of 

• ° 

a thousandth. ,Now we have to get away. from the mechanics.1 indicator, 
the screw thread mie.rome~ter. ~e have to get into something else in . 
order to measure to a.close.r degree,, 

,.P~rhaps the next,'.step is what we call ai.r gauging. "fie .shoot air 
out of little ,jets.against an interior or ex~..erior wall of a metal 
body. ~hen air impinges against s0methi.ng, 'a back pressure is set 
up,-and. you can'~measure that back .preskure. The closer the wall of 
the material wraps around those jets, the •less .the distance, the more 
the air is turned or twisted and the grea~er the back pressure. 

In measurin~ back pressure: one wa,v is with a manometer, Or we ...... -... 
can use-the Benturi princiPle,, or .a Bordone tube. There are several 
ways., This happens to be a manometer. To give you a quick demons.tra-. 
tion.of it: i~e have this.. Dlued uP in geod shape so you ~-¢ill see it, . . 
T~£s..,piug.Jls made for. this piston, for these @rist pin h01e.s. It 
contains tv:o.pairs of sir jet Calipers. There is one set here.and 
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another set up nere. %~e have two of these holes. In one motion we 
put on here, first of a.ll, a piece independently measured and which 
is accurate. You can call it a master. By putting the piston on, we 
get simultaneously in one motion the two diameters. They vary a tent.h 
or two from each other. By moving the piece around and watching those 
two columns, we can detect ovality and lack of concentricity. There 
in one motion, standing at a distance from the work, the operator has 
the whole picture on that piston. Incidentally, this one was defective. 
That is why we get these little differences here. It is oversize, for 
one thing° It has too much eccentricity. 

Another little demonstration I might give you on air gauges is 
the reverse of this. Observe this air column° Here are wrist pins that 
go in a ~iston. These have to De held perfectly round to certain diame- 
ters. We have this set up so we can move the wrist pin into the gauge9 
then move the next one in, and keep them going one rigl~ after the other. 
In fact, we have apparatUs like this fixed up so the pieces move right 
from the grinder automatically through the gauge. 

That was a mechanical demonstration of what I call air gauging. 
The point that I wanted to bring out in particular was that with air 
gauging you can securely measure down to a half of a tenth~ You can 
get your ovality and get your @ut of round and your lack of concentrioity. 
It is a complete unit in itself, the air gauge, and it is solving many, 
many industrial problems. 

I a m  going to move quickly into electrical equipment. First is 
this simple attachment here, where you take an ordinary mechanical in- 
dicator and you hook a switch on to it. Here we have a little switch 
box. ~e will assume this is on some form of caliper or gauge. If 
the work is undersize, the operator gets the yellow light° if the work 
is in size, the operator gets the green light. If the work is over~ 
size~ he gets the red light. On the ordinary run work usually starts 
with oversize° The operator works back to green. If i~e fails to regard 
the green he gets the undersize signal° You can use apparatus of this 
nature for inspecting very rapidly. You can see lights quicker than 
you can see the flicker of an indicator or something of that nature. 

However, the next point is that, having done this, you have 
created an electrical impulsej and the minute you create an electrical 
impluse, you can build that impulse up tP~ough tub~s~ transformers, 
relays, and everything else. You can make that impulse stop the 
machine, make it retract a wheel, make it ring a bell, make it do 
anything you want it to do. The basic thing is that you create an 
electrical impulse due to a size difference. You can set your tolerance 
on that little s~vitch, and then be getting things automatic. 

If you attend the tool show at Philadelphia next year, you will 
see push button machinery absolutely complete, where a little girl will 
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push t~;6" buZtons and a crankshaft will cOme down~out of the' air somewhere 
and fi:t7 in'Q~tween centers; she will push another button and ~ome milling 
cut%ere wil'] g0.to work, One of these little gadgets will automa.ticslly 
se~:the Stop switch%~hen the thing is~ in size. She will push a button 
an~ a~,conveyer will pick up the ~rankshaft and carry.it over to a grinder~ 
A girl~ on the grinder goes through approximately the same cycle° Two ...... 
gir~l~s ~ inste&d of thirty men. You know, every man here is soon going 
tO h'ave to •put on an apron and work at home. I just brought up an eco- 
noN:ic .,p,r-oblen~ by the way, of. what. automatic measurement is going to do, 

Of course, the accuracy of apparatus of t.his nature is dependent on 
the accuraey of the indicator. ~ith a mechanical indicator you would be 
Confined ~oa tenth~or a hal~ of a tenth. ~So, to take that a step 
further and ~etting down to the finest thing in measurement that we 
have~,today, I brou~ght~along an instrument which measures in millionths 
of L~ninc~, an electronic setups, 

With a setup of this nature we gain a number of advantages. In 
the first place, we have li6hts here in the same way as we have them 
over t~ere, the green and the ~ed and the yellow; but we have a couple 
of other~fea~ures in addition to the meter. We can regulate this sort 
of apparatus to tolerance electrically. By turning a dial in the same 
manner that you turn a radio dial you can set the gauge for the mean 
dim~nsiono If you want to run it for tolerance, you can set it up to 
some tolerance or other. Now that is set for the lower-size piece. I 
can change that if I want to by again moving the dial. In other words, 
we s~et ~eXectrically our tolerance !i~nits. I can go up to the high or 
plus si~e. i can change that condition by moving a dial. It is just 
as simple as that for the operator to ch~nge to a different• set of 
specifications. 

I h&ve this thin~ set Lfor millionths° This hand is now a.t zero. 
NotTce ~that just the-slightest pressure of my fingers cn the back cf 
that~doiumn has changed it some twenty or thirty millio~ths~ You can 
ch~n~e ~he readingby breathing on this instrument#or by ~the proximity 
of y~oUr body. We have instrumentation, ~entlemen~ which will dc stuff 
that a~ yet t~e, average machinist cr operator aan't meet. Or, to make 

~it practical, we can change the scale here So that it h~s a limit of three 
%enths instead of One~nth or a~thousandth. In other words, it can 
.do~i~eughwork or It oan',ido fine work. You ~ando. the whole business 
electrically. This gauge is pretty near the lastword. 

Another advantage wed-have here is t~at there is absolutely nothing 
mechanical tO wear. This is~a floating ~sort of device° The action 
~inside is electriC. It'is all in air~ all~suspension. There are no 
bearings. In ether words, you nave enduz'ance forever~ You can't west 
it out. 
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~e passed around some sheets, gentlemen, with some pictures off them. 
They illustrate what I said--that by taking a basic electrical circuit 
and creating an electrical impulse inside an instrt~meflt, you can build 
it up through relays or tubes and things of that nature and make it do 
anything~ In the upper left-hand corner of this ~ first sheet is shown 
a machine through which slass tubing rolls. The picture sho~ ss only 
a section of the gauge. Up there you see a little indicator moUnted~ 
and some of this electrical stuff. (Sheets were not reproduced.) 

Now, that glass tube moves through the production machinery and 
through these measuring rolls and the machine cuts it to length. As 
the production machinery cuts it to length, the glass tube is rolled 
into that hopper Which you see just below the measuring machine. Now, 
if the measuring machine has measured:a length of glass tube that is 
too small in diameter, the electrical circuit will remember that; and 
when that length of tube hits this hopper, the hopper will automatically 
open and throw that tube off and Dreak it. If the glass tube thirty 
feet away from that hopper rolling through is the right dimension, the 
electrical" circuit 7~i]l remember that; and when it hits this hopper, 
the hopper will tip and roll the tube carefully doyen into the batch that 
is going to be packed, ir~e nave what we call ,a memory circuit now~ and 
you can make ~hat thing ~o anything you want to do. 

In my last job~ ~:hich was in a wire mill, the rollers were down 
in the basement<, The whole control business for the rest of it was 
up on the third floor° As this wire traversed from the basement to 
the reels, on the third floor, the electricity did its remembering, 
and certain lengths of wire were snipped off, and the reels auto- 

matically rolled out of the way~ 

In the upper right is just a section of a machine which is a step 
further than this air device (indicating). This is again for wrist 
pins. They come Off the machine on an automatic uphill conveyer. 
They revolve through a little fan device -~hich picks them up one at 
a time and rolls them thrcug~ the electrical device at the bottom, 
That is a quick-sorting device. ~e are sortins these pins for selective 
assembly into Six different classes° The machine will mark them or 
stamp them so that the assembly operators can use them. 

On the next page, in the upper left is a ~icture of a machine which 
is used by type setters to measure the depth of type. T5e success that 
we are having in color printing now is due to the fact that we are con- 
trol.ling the type depth, the engraving plates, and all ~nat sort of 
stuff, even the thickness of the paper, to tenths of a thousandth. 
That is w~iy we are getting these wonderful color reproductions in the 
"Life" magazine and the "Saturday Evening Post, and so on. 

The picture uo at the top shows a machine where the girl puts these 

slugs in and the machine sorts them out automatically. 
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Just below is a picture of a ball-Uearing sorter Which is now in 
,qui~te common use in all ball-bearing £acZories. They simply pour the 
balls in.. The machine locates each ba].l~ measarers it, and brings 
the: halls then out at the left in anywhere between. %~o and fourteen 
classifications~, ~ ......... five millionths of an inch apart. That is h~ - quickly 
it ~orks. We can go closer than that, but the ball-bearing mechanics 
aren,t able Met to ~et a reading.6f twenty-five millionths out of 
round~ so to classify much closer w6uldn't mean ver~ much. 

On the upper right is a picture of part of this %ire machine I was 
just :speaking of, just the measuring part itsel£. To the right is a 
little roller which is installed on a kind of continuous machine that 
rolls and operates an indicating function, also a memory circUit. That 
big box contains this memory circuit thit I was talking about. It also 
co.nt~ins a recorder, so •that the management has a record of every inch 
of •w~re going through, just ~'hat it iS o One tendency now ~.s t'o tear 
off a sheet of ~hat record and ~ut it in the shioment or With your bill 
and.send it to your buyer~ There is the evidence that you produced in- 
tolerance work. 

"We had one funny sort of reaction at this wire millo The fellows 
on the •mill downstairs told us this roller thing was unsafe. They said 
it.somehow or other interfered with their manipulations of the machine. 
The union went to the safety committee and they • said all those a~paratus 
had to come out, $7500 worth. "lie went down on the•job and looked things 
over.,.: ~e thought we knew what was going on. You see, for the fdrst 
time a record was being ,made up on the third floor of what these fellows 
were doing downstairs. So it was "unsafe." I just want to warn you 
that if you go into high-faluting equipment, remember that psychology 
a little bit. The workers ~ill blame •their poor Work on something else 
if •they can. You have • _ to set to "the fundamentals of the situation. 

~ha t did we do? We put in $300 extra. ~~e.put another recorder 
down in sight of these fellows in the basement, with this. statement: 
"~e want you fellows to see how well you are doing." After• that went 
in, ~his thing was perfectly safe. 

QUESTION: You have said a lot about the philosophy of gauging, but 
.... :I-~ ha~en!t heard you say anything about the calibration of gauges. It 

seems to me that with the combination gauge and hammer, if you use it 
just. as a gauge and not as a hammer, it will retain its accuracy; where- 
as with the indicator gauges how is the operator going to test his gauge? 

,. .: . 

Another point: I am in the kitchen already myself and I would 
rather use a weight pressure gau~e on a pressure cooker than an indicator 
gauge, because I can't calculate accurately the indicator pressure. 

MR. KEI'~NEDY: With the general type of gauges exemplified by the 
micrometer and the vernier you have direct reading. The calibration of 
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it, you might say, is in the ,indexing. But in general, the minute you 
get into indicating equiP mant, :you get :into this type 'of-gauging all 
the way through. You have what .~e ~ call: a comparator. This is direct 
reading over a very short range° So there is thiS much necessity: 
The operator must every once in a while put a piece in the gauge that 
he knows from independent means is correct in size. It does have the 
advantage that when he puts the independently measured piece in his 
gauge, if the gauge doesn't register.correctly, all he hasto do is 
turn the dialuntil it says "zero" and then he is on his way. 

This sort of equipment will run direct readings anywherefrom about 
a thousandth of an inch up to~ say, fifty thousandths of an inch. Beyond 
that you have to go into other types of equipment~ You have to consider 
the con~arator, where we actually calibrate it first with a inaster~ 

Now, if you Want to go beyond.that i.n an average plant, whether 
you are using this plug£yp.e of gauge or a micrometer or some form of 

-indicator gauge, you have to go to basic equipment, which is either 
light waves or gauging blocks° ~e haveto check this sort of equipment 
with, shall we say, stacks of these gauge blocks. That is the main 
thing. That has to be done at intervals sufficientto maintain the 

accuracy. 

The other point that I would like to bring out is this: Speaking 
of your pressure cooker, gravity, of course, is al~ays there, but there 
is also friction, stickiness, and so forth. ~y wife has one of these 
weighted cookers. Every time she cooks apple sauce~ it goes up through 
the spout and the weighted thing is no good° But she doesn't realize 
that until the next time she uses the cooker and the thing nearly blows 

up in her face. 

The point is, this conventional type of gauge never warns you when 
it is in error. The indicating gauge will almost in-¢ariably warn you 
when it is itself in error. That is one advantage of it. That would 
be one advantage of your fireless cooker. 

COLONEL HENRY: Mr. Kennedy, en behalf of the Co~nandant, the 
College, the students, and the faculty, I thank you again for being with 
US. 
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