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Mr. Clifford W. Kennedy graduated from forcester
Polytechnic lnstitute in 7917, He then joined the ‘
Remington Arms Company {U.M.C. Bridgeport Connecticut
Works) as a factory engineer. For over two years he
worked on factory layout equipment and methods connected
with producing small arms ammunition. He then served
the M. S. Viright Ccmpany of iorcester, Massachusetts,
successively as Product Design Engineer, Service Manager
and as Assistant Sales Manager. He joined the Remington
&rms Company before the start of World War II. A few
months later he was assigned as Chief Inspector for the
prime contractor at the Army operated Denver Ordnance
Plant where he headed the contractor's inspection
department. The work ineluded devising, planning and
,carrying cut essentiyl inspection, gquality control
and gauging programs. kt the close of Yorld War 11
he joined the Fedsral Products Corporation, makers
of gauges and precision measuring equipment; as Chief
Inspector and later as Field Zngineer. He is &
member of the hmerican Scciety for Guality Control,
and the author of & bcok, nGuality Control Methods."
4t present he is Guality Control Engineer with the
Federal Products Corperation consulting with
manufacturers on problems comnected witin inspection,
gauging, and stabistical guality control.
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GRUGES

14 March 1950

COLONEL HENRY: GCentlemen, the inspection by industry and the
military ‘servicaes of the tremendous number of items produced to
meet the requirements is one of the most important of the factors
of production. Millions of man~hours in design, contracting, and
production have been expended to produce an end item.  If it does
‘not meet the specifications, we are-seriously hampered, becauss
not only is the end item worthless, but we heve wasted manpower-
and vital raw materials, The use of“gauges and precision mzasuring
instruments is. cne means of assuring that. an end item will neet
the specifications, o N -

Qur spsaker today is an old friend of the .College. He- hes
traveled 2ll over the country giving out this sam¢ informastion.

1 can assure you that you will be very much pleased with his talk
and with his demonstrations. He is at present quality control
engineer of the Federal Products Corporation,and is outstanding in
his field. .He is known simply as CIiff Kennedy and. as such I give
him to you, ST ‘ , R B »

. . MR, KENNEDY: Gentlemen, my talk will be on gauges. This subject
" could involve a grset meny hours, but I am limited to. a short period,
So I will have to confine 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' this will be a2 commercial talk, I-am trying to represent the-
entire gauging industry. Neturally I am-using our own equipment more
or less to demonstrate what I am saying, but I do have scme of our
competitors!' equipment here.ﬁ.If,l‘inadvertehtly slip back into our -
company's vernacular, I hope you will excuse me snd resember that. we
are talking sbout the'gauging‘industry as a whecle. :

~ Before we bear down on the main target of this discussiocn, there
are a couple of little things in the background that I would like to
offer., " 1It.is like an artist when he is painting a picture. He has:
the main torget of his picture, but he puts sufficient background in’
to fill it out, . B R R

The ides of measurement started probably when some.man in prehistoric
times said: "I wantxanothe:'thing like that.n heedless to say, he'
didn't get it, because in nature, as well as in industry and everything
else, duplicaticn is impossible. 1f we- could just simply duplicste
things, gentlemen, we could do without a lot of these engineers, and
that would be a decided effort,
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Measuremwnt is prooaoly the most common human activity. 'You'lock
at your walches frequently, measuring time, That is one of tnb common
forms of measurement. Somebody mentions Baltimore and tha first queqt:on‘
that pops into your head is: "How far is it? You 1ﬂ531nct1vely"“ .
measure the height of & step as you step up, or else you fall flabt’ on
your face. (There are situations at two o'clock in the morning - Whe
that instinct doesn't work so well.) When a baby is born, the inrst
guestion 1sn't "Is it living?" or "How is the mother?" or wihat, is 1ts;"
name?" No. The first question is, "How much doss it melgh?“ e .
neasure, measure; pnd measure,

I am not certain whpuher the hen or thu egg cane flrst but so far
as industrial progress is concerned, mezasurement and industey seem to
be inextricably tied together. Whatever prosrsss we have madn in
industry has been helped by measurement.

Just at present I think measuremen+ is a little bit aheaa of
industrial progress. ‘e are able confldently t0 debermine a 81ze“
difference of a millionth of an inch. 1 doubt the ability of 1ndustry
yet to make a 81ze dlfference in a machine process reéularly to av"
mllllontn._ .

ifaybe some of you don't. know What a millicnth is s, so I will give
you a little home work. A&ll you have to do i€ to secure a hair and
split it into three thousand parts,"Tnen any one of those little
_fllaments woula be very close to a millionth of an ann.

Going’ back into history, cne of the. original units of meaquroment,

used in the days of King Henry,: was the distance from tie end of a
man's nose to the tip of nis extended fingers. That becane the yard.
Then there was the time a little later when they. took sixteen men,
stood them tot to neel, and the - total 1engtn mede the rod. One~"
sixteenth of that became the foot. The Saxons used a Roman term
Byncia," meaning Ythumbnail," as a unlt of length; and that becamei\_
the inch. BEven today the barleycorn, a little length abcut three~ N

- gights of an inch, is uch in the snoé industry.

Probably the most successxul thvng in the field of muasuremcnt
was the effort of the French, who ‘took the circumference of the’ cartn,\ g
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 T
‘parts, and they got the centimeter. They divided that still further
into ten parts and got the millimeter. They multlp_g:;.ud_thh metér by
a thousand and goct the kilome ter.

In France, in Englend, and in this country there is a hgth’bf,;f_
mebal called the standard'meter and another called the standard yard.
When you are in trouble with measurements, you cen g0 to the Rireau of
Standards and determine them accurately.
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- Turning to history in our country, I suppose that our gauging
started with our friend Eli Whitney, the man who put mass production
. into the menufacture of muskets. He decided it was better to have one
‘man make twenty parts of a misket, another man make another twenty
parts, and so on. Finally he had another marn put-them.tosether,\~ﬁv
assemble. them. The soldiers of that time, in the Revolutionary War,
liked his musket, because whén they broke a part in the one they were
carrying, all they had to do was to take a musket off gomebody who
had ' fallen and theré was the part they needed. They could put.it in
their musket and it worked, Interchangeability started then, - liass
preduction. started then. - Industry has adopted Vihitney's idea. In
fact industry has brought Whitney's idez up to the point now where the
human bein, is little more than an automaton. o

Now, Eli Whitney realized that, in order to get parts that would
be interchangeable and fit together, he had to have. some way of
measuring them. So he designed gaugeﬁiqr templates, the forefathers
of the presentday snap gaugés;,tq‘assure'interchangeability and to .
cut_cut filing and fitting at assembly. Industry caught on to whitney's
mass-production philosophy and made a real science of it} but since his
time, 1785, it hes in general failed to6 progress very much in the.
matter. of gauging. For years nothing was done to improve his methods,

Industry is still using too much what he invented then.

I visited Watervliet Arsensl a couple of years ago and there, ,
hanging -on the well, were some things that looked like tennis rackets
or ping pong bats, pieces of ‘wood with holes in them. They had found
them up-in some attic. Back in 1843 they were used to measure the
diameter of cannon balls. They used guite & lot of them at hatervliet.

~1If you go to Frankford Arsensl, which is modernized in.very many
respects), you will ses still in use there scme little slabs of steel
with holes bored in them. They are thése same tennis rackets. In
almost & hundred years tfiere has been no materisl change in the type
of gauge used at Frankford Arsenal. I am seying that to emphasize the
lack of progress, the fact that thére is something better but industry
hasn't yet found.it. . =~ - = = n A :
_The situaticn is much better than it was.a yesr ago, when I spoke
here last. ' Ve are going fester.  But I would like tc have you help urge
still faster prbgre53,~and'notjfor 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. They sre half blind., C e x

: Scmetimes. I go 'into shops and' I see everything up to date—these
ultrastyled reception roous, pargust floors, air—conditioned shops,
conveyers fer handling materisls, automatic machines, and IBM machines..
Every modern concegtionyou can think of you will find from the place
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where they receive the materizls to where they ship them out. Every-
thing is up to date from the time we ring the froant door bell until
we leave. Some of them have slectronic calculators thet can tell you -
whether you slept the night before or not. You g0 into one of these
beautiful medern plants and you get into the shop and look at the
machines;, and, lo and behold, the ghost, of Eli Whitney pops up.  For
gauges they are still using the 1785 models or at best the 1858 vintage.
Gauge manufacturers. have not only kept up to date, as' I will scon - .
demonstrate, but ahéad of the race; it's industry, generally, that
refuses to obsolete the horse and buggy. It makes me feel like getting
~into a 1950 Cadillac but first putting on cap, goggles, duster, long
cloak, gauntlets, and gloves. It's just the game_sort of anachronism.

One of the reasons why we must have greater'précision in measuring
is because the public is demanding it. Some years ago 1 cwned a Reo
car thet would do fifty miles an hour and which lasted for 50,000 riles,
If you buy a car today you expsct it to be able to do 100 miles an ‘
hour and to last certainly for 100,000 miles. The- difference is -
precisicn, manufacturing tolerance. Back in those Reo days two
thousandths was a marvelous tolerange.. When they got down tc that,
they thought they were doing a job., Today two-tenths of & thousandth
is big. "You can shy a cat through it," they say. “Vie are getting
more nearly precision 2ll the time. T think the last thing I saw in
that was in a plant in indiana where they were grinding Diesel crank—
snafts and hclding them to a telerance, more cr less ‘succsssfully, . -
of fifteen millionthe regularly. The difference, perheps, between the
present-day and ‘the clder cars is that today we leave the extra metal
in there for you tc wear out instead of cutting it oubt and letting it
lie on the flcor of the shop. ' R '

You people, as syubolizing the armed forces, are parbtly to blame
for this demand for precision. During the last war you let loose a.
1ot of stuff about the Norden bombsight. The magazine fellows got hold
of it and they glamorized it. We understood that you could 'pin+point
your bombing and from 30,000 feet in the air hit an oil drum.. The
Yeason you could do that was that these bomb’ sights were made in mass
oroduction to a tolerance of tenths of thousandth., E

Now what happens? A customer like me z0es to a department store
and buys an ordinary automatic pencil., What do I look at? 1 used to
‘just:take the thing and pay-my money and see if it would write. 1f it
would write, I was satisfied.: Now I, unscrew the cap and look to see
‘how precisely they have made this little shoulder, ‘Even women. have:
been getting that habit. If.we have hed no other préssure, we have:
introduced public pressure for precision, for grester wear and greater
interchangeability, in addition to ordinary production‘demands. ‘

4
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In your contact with 1noasbry and in con51der1ng the part that
gauging will play in producticn, I would like to offer juet this Sugges—
tions ;You will.meet up at times with industrial plants and with indus—
trial planners. . I don't care what they are making. Let us say it is
a part of a fuze. A lot of money has been spent on the design, that has
been finished, the tolerances have been set, and the uxpernnenttj.work
done. . Wle can even assume that & sample part, a prototype; is available;
- on which productlon hes been tried. A&t lea;t we have the b;ueprlnt of
the object. . . S : ”

You w1ll flnd then the prlnt of" tne part going throusn a series of
,tool, equipnment ,. method, -and layout engineérs. These follows carsfully.
decide what sort of machines and tools will be used and the Drocess or
routine of cperations, They may decide that one part is £0ing to be
made on a Warner and bwazey machine and somgthing e¢lss is going to be

1665

riade on another type of machine. They propose factory layouts, 1nciud1ng 

conveyors and handling and even the lighting arrahgement. Production..
control schedules are organized. The stop watch boys get in there long
before the manufacturing begins, = They do some wateh clicking and then
go back to their offiges and set up the incentive pay rates. You may
have 2 pilot order or something of that nature. So the ‘machines. are. .
there, the 1ayout is: there, and everythlny is going perfectlj omoothly.

come off the manh;ne. . Of course, when the flrst p:eces come out, there
is always some high official of the plant standing there. He is usually

" the big boss. The first questicn elways 'is, "Does it meét the blueprint? .

Let us megsure it I have lived tbrough a;l tnls baelc experience too
many times. , L »

My flrSt experience along tﬂat line was at’ tne uepver ordnance
plent, where I was the chief inspector. The first few cartridge p01nts
had just come cut, and my big boss, Who was a colonel, was standing
there. - He asked. just that questlon, " In‘the average shop, measuring
equlpment is about as.cemmon as fire. cxtlnuulshers or sprinklers or
the air you breathe.- Semebody. has-a pait of "mikes" or scmething to
measure with, But not at that prairie plant at Denver. Instead of
the boys carrying “mikes" in their pockets, as they usuelly do, it was
more.natural at this plant for the beys to- carry guns in their holsters.
My face was a beautlful pink.. I had to send a man ne grly half a mile, .
away: over to the tool shop, to get an- ordinary pair of "ml?es "

Those ranchers out there just naturally didn't have, micrometers or
any other measuring tools in their kits. On the cther hand, ne matter
how. up: to date the factory, many moderrn products sre sufficiently
intricate in de esign and the 9601flCdt10uS call for sucn precisions in
manufacture that traditional and stéereotyped s3uging equipment simply
will net suffice. A special type of 5aure is neeaed.

5
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What I want to point out to you, “who arn part of this 0¢cture, 1s
that as a product is being ueSlgned, as the process and machlnlng are
being worked out, right then is the time to select, design, and d801de ‘
on gauging equipment. Inspectors and gauge makers can read blueorlnts.'”
41] they need is a print of the part to be measured. Or, if we: cah get*ﬁ
one sample, ‘that is very helpful. Tie can figure out all that is ﬂ
necessary in the nature of gauging equipment and inspection. procedure. Kl
We can set up the guality control routine way ahead of time and have T
that all in. We may have to cocoon it for six months or a year while

.~ we are waltlng for the other equipment, but we know the thing. is redady - |
tc go. I would like to throw that suggestlon at you if I don't do any~‘
tnlng elqe in my somewhat limited tlme here. -

The next 901nt tndt I would like to bring up DrLbfly is that in
anythlng that you have to do with gausing eguipment, you are likely to
buck up against inspectors engineers, and men of that type, laboratory
men-—certainly a bunch of men who-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 thatis

.- like. You should plan, 'design, and purchese your gauglng uqulpment for N
the.operator, not for the inspector or the enginser or anyone else.,"
The fellow to be thought of is the operator on the machine., If you -~

" make d situation so very difficult for that man to measure wnat he 1s'
doing, he won't measure it, If it tires him to do so and he is’ on pleCd
rate, he is going to take care of his pocketbock and say "To heck Nlth
the size."  So my next little warning is to de ;sign anything in con— ‘f o
nection with gauging prebty 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'ts gauge. If thc
laboratory man has to learn something about the part, 0. K., brlng
him- 1n, but let him use the same &auge. . :

‘ Here is an economlc gem, gentlemen: The closer to 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 ultlmately assemble. Ihat is &1l there is to ite o

~It is better to prevent than it is bo correot or sort out. The
,best solution is to make pieces right in the first place, and the only
man who can do that is:the operator.’ But he needu the equlpment to see :’
" what he has donc. : : o

» I wouldn't want to miss this opportunltv of telllng Jou about ‘&

" Buffalo plant where they were making some Steering gear parts on grlnders,
and tnose fellows were trying to hold them to a two-tenths tolerances =~
A11 they had were some little old "mikes." They would take batches of
parts from the operators and carry them sbout fifty yards down the ‘line"

- to where they had a 11ttle a1r~cond1t10nad rocm all Drpttled up. In there
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was & bunch of girls and fellows, inspectors, and they inspected every
part. 'But these inspectors had one of these {500 electric gauges that -
will measure right down to a millionth. I don't know whether any of

you have ever ssen an inspector measure with one of those things
whé@é“hefknpws‘heféén'deﬁe¢t,a*millionth.vAHe will find a zephyr

if it is there. About three days later this man on the machine would
get a_ report from the inspection room-~let us say this is Tuesday--that:’
"Last Friday you made & percent scrap." . L

Lf you ever have anything to.do with a factory, please remember =
that Buffalo plant and don't have your inspection down the line with the
report coming out a day late.' fnd don't have inspectors with better
equipment than the poor fellow on the machine, That is another piece-

of thisjbackground that I wanted to get across to you. : S

N 1 give you another little instance of industrial economics,

and this.comes in what they call menagement. If we could get rid of

these controllers in plants, I think we would be a lot better off. -

Let us say that you have 2 boring, rezming; or internal grinding job™
going on, and the cperator is checking with a plug gauge made in the

‘toolroom. You go to the comtroller .and say: "I need o gauge that will
measure that-hole to a tenth," He will point out that the blueprint

calls for only a half thousandth, and that he can get this gauge. from

the toolroom for only '$5. 1 come zlong as a gauge sslesman and I o
want him to spend $165 for a better gauge or even $300 for one like this.
Did you ever. see a controller when you suggest that to him? Some of -
them faint, YToo high priced," they say.  "Five dollars" is the answer.
So they keep right on with this same old gauge, waking 5 percent, & per—
cent, 20 percent, scrap, which they throw out at. assembly, If the new -
gauge would enable the. operator to cut his scrap 1 percent, 2 percent,

or even to 5 percent, to say nothing of the loss saved at assembly, ,
alsc to say nothing of the cost of ‘a shop shipping out defective products,
how long do you think it would take to pay off a $150 gauge or a $300

gauge?

1f I could only find soms way to prevail on thess managements bhat
by spending $300 or $165 for the new gauge, it would pay for itself in
six months or even three months, that the operator will make it pay for
~itself in his scrap reduction, I could save these plants a lot of money,
We hear, about these tremendous losses in industry, about not making
their profits. You are going to hear more about it in the next two or -
three years. But right inside every shop they have & zold mine if they
would just pitch right 4dinto it, It exists in the reduction of the scrap,
the recoération, the things they do cver, “the unnecessary motions their
pecple make, One of the reasons they don't ‘know it is there is because
they are blind. They don't have gauging equipment that will tell the

operator and themselves where they.stand,
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‘ The oply,pait,that price pays is in comparing competitive designs.
The proper gauge costs nothing, If the use of a gauge fails to reduce ..
sorap and loss; or if losses would not mourit. if the gauge 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]deﬁartment'but wou1d-a1soﬂqzedit,
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 breaking points where it got the inventory value of
the goods preduced every week. This study happened to be taken from a

. screw machine department. In one week it produced $14,000 worth of
items in that condition. That included the overhead and everything .
slse. The cost department officials arranged also to get the value in
dollars of the scrap made that week or the rework operations or salvage
operations. They charged:up the value of any equipment bought in that ...
department in order to secure coanformance, like gauges, new chucksy -
new tools——anything that was desigped to make a petter product.:- Inei~
dentally, they amortized that figure on a 25-week basis. They also got.
the inspection pay roll., :Then added 21l this up to-a tobal. They. ..
ratioed that total in dollars against the goods made. At the time this -
thing started, that ratio was sixteen cents. & few weeks later it was .~
nine;cents. Six weeks later it had. gone down to six cents. The. last. |
time I saw them they were shooting for three cents on the dollar, waich

 ywould be a remarkable record. . . B

Now why? They said to their peoples "You can increass the -inspec—: .
tion pay roll if you wish and increase the equipment bought tc sscure
conformence, provided that in so doing you decrease the scrap and end
w with a decrease in the total cost of 'the srticle” (sbtill using
blackboard). They gave them flexibility in the production department.,
to do things which would bring about 2 reduction in the cost of the "~
article by bringing about a reduction in the scrap, SRR

I can make this clearer, gentlémen, by saying that when managemerid:
freezes the amount that it will epénd for inspection. and for. geuging
equipment, it automatically freezes the amount of scrap and rework. ' .

I am’ &imply throwing this out as philosophy, gentlemen, - The cost

of getting quality must bé evaluated against the value of guality,. .if
I may put it that way. (Using enother blackboard diagram.). s iti: ‘o
worth it to have, or -attémpt to have, 2 perfect product? Or can you
' have a little loss that way? . Then, going the other way, are you-
having too much? Those are just two little economic thoughts that
I wanted to throw at you. S - ‘ . .

ancther 1itbls piece of philosoply that I would like to give you
came from an operator in a plant where 1 was some time ago. He had been
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working for a long time w1th gauges of. these 51mple types, like this plug
gaugey - -We gave him an 1ndlcat1ng gauge to work with for a few weeks..
The controller wouldn't buy the gauge, so We loaned it to this operator,
got it into his hands on consignment. When we went 10 the shop later

to retrieve our property and started to walk away with it, he spoke up
and ‘sdid;" "Hey, Bud, where are you going with that gauge”" We tried to
explain -the situation; told him it had not been bought§ that it was

Jjust there on trial. He made this statement: "You have got to either
give me that gauée or an equivalent or I quit my job." He made a greatx
1ssue of 1t Needless to say, thc gauge stayed there. ' -

Then wWe demanded a 11ttle further explanatlon. We said’ somethlng .
about the fact that he had besn using this other gauge most of his ‘1life
and how did heé happén to get so charmed with thls one? . He put it thls
- way:  “lere you ever driving. at night and had your lights go out all
of & sudden? What did you do? -You stopped; sure, Well, all these
years 1" have been working blind, Now I know where I stand. I can see
how my work is ‘going." “For the first time 1n hlS life he was engoylng
the nleasure ‘of puttlng out good work,

Another thlng that crlpples a shop on. the average machine is where
‘the operator has some 61mple little part to check that has three or four.
dimensions to be measured. He has six, eléht, or ten different kinds,
of gauges. He will have two or three ‘sizes of ‘snap gauges, plug gauges,
a pair of- "nlkes," ‘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 pick up one gauge and try one dimension.: He has
to reach -over and find his-"mike." If he is apn astigmatic fellow like
I am, he has t¢ get this (aemonsnratlng) in focus and fuss with it.
When he-picks up a piece from the machine he reaches first for one
gauge, then fumbles around for anocther, leans way over to find the
third, and nmaybe hunts frultlessly for the fourth one. By that time
he's tired of gauging. - Besides, & lot of nis incentive time is used
wp. The usuel result is his dlccontlnuang gauging - entlrely, and ne
fgust takes a chance. : v

The modern solutlon to the . tlme~mast*ng problem of scrambllng for
gauges is.to mzke up a unlt, multlple~purpose gauge like this one;
(demcnstrating). Here is a piece with several diameters, lengths,

_and concentr1c1t1es to be checked ks you can: see; the operator flips
the workpiece 1nto the gauge and, - presto, the lndlcators tell nim’
whether 1t conformé in every partlcular or not.

Or let's teke another example. Here is & multlplo—demen51onal
type of pigce that a screw machine opsrator néeds to check frequently.
The operator measures one diameter with his micrometer, then the next
one, and so on., He's using up valuable time as well as energy. Now
suppose you furnlsh hlm w1th dn 1ndlc"t1ng gauge like thl° one. One short..
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click and he knows the first dimension, another click and he reads the
second, and sc on, It took one-tenth the time and practically no energy.
A person learns to tell time from # 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 am not knocking them necessasrily. ~ But here o
is a little four-shoulder piece, Let us do this in the traditional way.
This four~shoulder olece comes off the screw machlne at the rate of
~about 400 .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 ad just
this part up here to get the other dimension, The chances are that B
“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 dlgmoters.

Iet~us say he has a little ccnscience. This material is pouring
off this machine. He has three other machines that he has to run'in
order to make his incentive., = All this time hé is standlng or 1ean1ng
a little bit forward. Now, the biggest muscle in the body is the one _
that runs from behind the knee on up to the back., Being the blggust
musele, it -gets the most tired, That is the one that is supporting =
him all this- ﬁlme. 1 think you can understand what . his mental-attitude
will be. All we suggest, and this is not a "commercmal," is that you
spend ‘just $15 mére-—that is all-—and give him a clicker gauge llke
this, ong with a ‘clock on it, Anybody can read a clock,

Scme of you are going to get llttle workout in quality control
and things of that nature in your course ‘this week, so I would like
to bring up another piece of philosophy.  This will apply pcrha?s to o
same of you when you are up sgainst contractors, and these sc—called
industrialists. You are trying to get some stuff ocut that you can
use, that is right. I don't know whether: anybody in this rcom will
agree with pie or not, but that is about the toughest job there is.
Price doesn't enter the 51tuat10n 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 quailty'prevdll, the best way to cure that
situation is to do someth1n5 tengible about it. Ve have found that
desk pounding doesn't do- very much good. It doesn't brlng the . _
dimensions in. Letters don't do.very much good either, or sending -

- out memecrandums eor direc¢tives, Ve find that we have to get out 1n '

the shop and do something targible about it.

In the first place, we have tO'getrrid'of this old nickel tcolroom ™
gauge that has been‘g1v1ng a Jot -of trouble. 'We have to put inthe ‘
operator's hands a gauge like this Taft-Pierce model with the lead-in -
ball race, that measures. the holes where he can see which way ‘he is =~ ~
driving. This particular Taft—Plerc@ gauge, too, is Norbide~lined.
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It w111 preform 100, OOO gauglng operat;ons without appreciabls wear, in
'contrast to this ola shop gauge, which is probably worn after it has
gauged ten pleces. : :

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

Maybe the operator can use a vernier depth gauge. It 1s tax¢ng
him now five mlnutes to measure this depth, and he is going to measure o
it many tlmes. S0 we go cut to ‘that shop and’ may. spend $15 more and
give h1m an 1ndlcat1ng depth gauge, and then he can get the depth
with one motlon.v4 , : :

I don't care what it is that you ‘are makxng, if somebody, shall
Wwe say, in power in that industry higher than the operator comes out .
with something new, something a little different, and does something
about it,- your guality, your dimensions, and all that sort of thing -
begin to come in, So I would like to urge on you and on industrialists
that, 1f you want better quallty, 5et out in the qhop for a while.

that you Want. 4

Another thlng that should be brought up this. mornlng is the questlon .
of trend. If you are driving a car down the road and you are a good.
driver, you keep a little inside the soft shoulder.' You know that if
you get over to the edge or even set on the soft shoulder, even the
best drlver is in a position to suddenly 51deSW1pe 4 ‘stone wall that
is right along51de the road. "The operators in the shops realize the
lOélc 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 operator keeping’ "his work near the upper
tolerance becauss he knows that if the work is' regected, nm has some -
metal on there that he can cut over aggin and bring the plece down, ;
Nobody has yet 1nvented a successful puttlng-on tool. That is a

‘natural tendency., S T

Now, you klck about his work. You tell the operator that 2
lot of the work is going out of tolerance. Generally ne will say, Ny
need more tolerance.“ ‘Well, you double the tolerance ‘on the, blueprint..
What does he do? . He keeps right up in there rlght along the upper edge
and all this space down here is gone.

So we are trylng to get somethlng that the operator can see. Here
is Eli whltney's gauge. Here ars three pieces that came off the machine
about twenty minutes apart that were checked with this gauge.  All three
pleces went in the "Go" gauge.. They didn't enter the "no-go" size. He
wouldn't stop ‘his machlne ha uurally w1tn that sort of equlpment ‘

1
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Iet us check these three pleceq on thlb wnalcator gauge. hlth the
No. 1 piece the indicator hand is over hers at the left. Here is the
No., 2 piece, which 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 sidé. It is over near that red lzne
~that is his 515nal to stop before the work goes. out of tolerance. '

But now the controller comes into the picture. We have a hundred
machines to equip with gauges. This first gauge costs $15 and this
indicator gauge. costs £60. So we buy one hundred of the cheaper ones
and we oontinue to make scrap and throw it out the window in our assembly.

Here is another funny thing, ard all this is not a "commercial. u
This indicator gauge will adjust itself over a range of aboub eix of
these other gauges. He coulo use one-indicator gauge instead of six
plug gauges. Six times $15 is #90. - The indicator costs $60. The
controller could .save hlmself $30 rlght there. Still you can't get
them to do it. : :

‘There is another bad condlt;on in lnaustry which you will run up
against if you-deal with industry a 1ot. fihether gauging equlpment is
used or not, there is always the situation constantly in industry where
a batch of work is legitimately rejected. It contains tooc 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. 5S¢ what do they do in the average 1ndustry°
They take the batch of work and they move it around to a room that is
out of sight. .They-call it the salvage crlo,_orolnarlljc They have a._
salvage committee or deviation committee, and they come daily to this
area. They look over this regected work. The committee is usually an
1nspector, an engineer, and a productlon man. They go in and they. "pray"
over the work., Somebody says: "“ie will have to have this or it will
hold up thls dine"™ or it will do this, that, or the other. So he seys,‘
“let us pass it." Or somobody says: "It is only a helf thousendth
oversize. That doesn't  make any difference. ' Let us pass.it.® &
deviation committee usually passes everything.

Now, if you have made up your minds -that the tolerances and the L
standards are so-and-so, why then do you have the big boys come down .
and say in effect to the inspector. oy somebody else: "You were Wrong to.
reject’ that. This is all right." Jihy do you keep chenging? This
deviation committee situation, I think, is one of the most serlous‘
things in industry. If you have a tolerance on your prints, if you
have specifications, if you have standards, and if they sare fair and = .

- proper, don't let that industry contlnually deviate from them or: Lhe
process Wlll ‘get Worse end _worse. . -

Before ye proceed to’ dlscuss.and desorlbe in scme detall the gauglng
equipment that we have here, and before we get to discussing measurements

in mllllonths, as we will, let me emphasize cne more preliminary point.
There is a considerable tendency, when plants go 1nto indicating
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and eleotrlcal gauging equipment, to select apperutus with what we
call too fine ‘discrimination., For lnbtanc e, if the tolerances called
for are plus ér minus five tnousandths,‘a total of ten thousandths,
an. 1ndlcator capable of measuring or subdividing to thousandths or
half thou endths is plenty adequate.. Don't make the cperator use a
gauge that W1]1 discriminate to a millionth:.or s half 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 maklng the operptor suffer over such preclslonu unless the work
calls for lto ,

My'maln objéct here this morning, as I understand it, gentlemen,
is to show you the progress that hao been made in geuging. I will try
to do & good job of describing that & 1little bit. '

Thls (demonstratlné) is the traditional "go-no go" gauge, like -
pushing’ 8 horse intec a set of shafts to see if they fit. This is the
traditional gauge that Eli nnltney invented. ' o

Drooabl,f the first step in ﬂnaustrla‘ measurement was whet we
all ‘the uteul rule. It is just & ruler with which you can measure,
It 19 gbod ior measuring to a 31xty~fourth of an-inch. TWe have some
mechia mics who claim they can read’ down to two or three’ taous andths
with a steel ruler. They may do it once by accident, but we know
they ccn't do it consistently. The steel rule is all rlght for rough
;qtuff, for founary work and such as that. o

poss:.bly the next step was the vernier, this ilttLe device where
you tike & stesl rule and put on a little graduation system whereby you
can meégsure to a thoasundth of an inch. Thcy"re somewhat - awkward to
hendle. Usually you have to have a glass in order to read them. They
are st;ll popular. Ve have gotten now down to a thousandth of an 1nch.

“Then along came the mlcromcters, probeoly the mogt useful measuring
tool there is and in a great many respects the most accurate. Each
turn of the 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 szn inch. & micrometer can be made rugged so it will stay sccurate.
There 1s probably no better invention, howevér, one word of warning,
Whlle they are graduated and you are supposed to be abls to read to a
tenth of & thousandth, we find in practice that nobody can ccnsistently

ead closar than two—tcnths. When you are- DulOW two-tenths, you cught
to go t6 something else. " iflost mechanics by just the exertion of a little
pressure or the lack of it cen cnange & readang up to a thousandth.

We made a rother *nterestlng »prr;ment & whilé ago. Using a set

‘of very carefully graduated plug gaugss and & set of very carsfully
graduated holes, we had some twenty men make measurements.. We jotted
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down their results. We plobtted what they called histograms, which some
of you will perhaps get in quality control. Ve made a couple of czl-
culations and were able to show, and have been able to prove since, that
the possible variation, the possible error, that a man can make with
this tool will go up to two thousandths of an inch in ordinary everyday
gaugiﬁg, Those are some of the dangers of that 2auge.

The next step 00551b1y in +hls 11ne is the indicator. The indicator
is accurate to one dial division. This one happens to be 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 get indicators that w1ll measure to a tenth of a
thousandth, and you can expect, an error of a tentn 1n the use of thoue
1nstruments.-, ‘ S

T have already spoken of the operator's ability to detect a trend
that he is following if he has indicating e€quipment. I think that 1s
the most important elenent in connection w1bh such equ1pment

We can make indicating equlpment that will be useful for a number
of other things. Suppose we have a recess, a pockeb, a depth, that
we want' to.méasure. We can make lndlcgting equipment with moving anvils

'so'that the operator can.get many pieces through rapidly. Or if it
is something that ig tubular, deep throated, we can orﬁlgn 2 gouge

for deotho

One of the most 1ﬁtcrest1ne gauges I have 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 ineide, it unfolds and measures the thickness of the glass.
The idea was thet -the beer bottlers were losing too many bottles due
to uneven glass walls. The bottles exploded as they were belng inlled.
The bottlers wented to cut-down that loss.

4 similar type of gauge was plck@d up by the petroleum industry
for measuring tubing., Thesa th*ngs are from thirty to fifty feet long.
The gauge reminds me a little of the old star gauges. Ve are getting

‘now into using them w1th Qrtlllcry. , ' S

"I have sgoken here of What we call nultiple-purpose gauges, 1 . -
‘brought this one along to br;ng up anocther p01nt about indicating
gauges. Let us say you are interested in an zbsolute dimension, be "
it a diame ster, a bore, 2 length, a width, a depth, 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 ‘egg-shaped or oval., In fact, ovality, as the English call it,
* is much worse than a- direct digression from tolerance. It creates more
Wearn If you have had any engineering tranﬂné, ycu w:ll real*ze tnet
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there must be a certaln area that Lhey call the bear:ns surface. If
. one pgrt that is oval is going inside a round part, you lose that
bearing surface even though your. basic. diameter is correct, and the
1eng1ne or whatever it is goes. to. pleces in a. shcrt Wﬂlle.

You have to go to 1nd1c tlné equlpment to get ovelity, GOHCGHC?lClty,<

.~ 8quareness, this thing we call relationship. Here is e demoristration

of it. -Let us.say this plGCy here is the correct diameter, but, look;
it is thrae or four thousandths.out of round,  You must have indicating
equlpment or something of that nature to show that the worker doss
have to know ‘whether his machlne is oerformlng in trua c1rcles or
.d01ng somethlng else.

1 have one gauge here that is usea by foundries. Vie are finally
-.getting the foundries on the alert. 4 little less than & year ago.
the: Internatlonal Harvester -at Fort Wayne announced that 1t was going
to buy castings by the plece 1nstead of by the pound, The, feundry
after a while admitted that it was making more money, &and obher
foundries have admitted that they are making more money, selling
castlngs by the piece than by the pound. ‘The trick was, they were
,_controlllng the cores, thelr web thickness, controlling the amount

of metal that was going into those caﬂtlngsa, International Harvester
made more money because it had less dead metal to cut off. Everybody
is ‘happy. Vhy? Because the foundries, instead of ‘calipering and

. using a ruler, are now using indicators and getting the measurements’
down to a ten thousandth of an inch and ge*tlng control of theLr
_operatlons. :

. Ve have. moved along in accuracy from the steel rule, good for about
a 51xty—fourth of* an .inch, up through the mlcrometmr to. the average .in—

dicator. ln other words, we are whers we can measure up to g tenth of

a thousarndth. “Now we have to get away from thc mechanicel 1ndlcator,

the screw thread mic¢rometer. We have to get into somutnxng else in"

order to measure to a-closer degree, S

Derhaps the nexttstep 1s what we call alr gauging. = We shoot air
out of little jets. against an interior or exterlor wall- of a metal
body.  VWhen air impinges against. somethlng, 2 back pressure is set -
up, and you can:measure that back pressure. The closer the wall of
the material wraps. around those jets, the less the distance, the more
the alr is turned or tw1sted and the 5reater the dek pressure.

In measurlna baCk pressure one way is w1tn 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 demonstra~'
tion of it: We have this. blued up. in gdod ‘shape so you will see ite
‘This: plug is made for- this piston, for these wrlst pin holes. . 1t
contalns tro pairs of sir jet cullpers., There. 1° ono set hero and

I TR E AR TR T




676 -
e w? STRICTED

another set up nere. Ve have two of these holes. In one notion we

put on here, first of all, a piece independently measured and which

is accurate., 7You can:call it a master. By putting the plston ony we .
get simultaneously in one motion the two diameters.  They vary & tenth
or two from each other. By moving the piece around and W?tChlng those.
two columns, we can detect ovality and lack of concentricity. Therc

in one motion, stasnding at a distance from the ‘work, the operator hes

the whole picture on that piston. Incidentally, this one was defbotlvex
That is why we get these little differences here. It is oversize, for.
one thing. It has too much eccentricity. T

&nother little demonstration I might give you on air gauges is |
the reverse of this, OCbserve this air column. Here are wrist pins that
go in s piston, These have to be held perfectly round to certain diame-
ters. We have this set up.so we can move the wrist pin into the gauge,
then move the next one in, and keep them going one right after the other.
In fact, we have apparatus like this fixed up -s0 the pieces move right
from the grinder automatically through the gauge. ,

That was & mechanical demonstr tion of what I Call air gduglng.
The point that I wanted to bring cut 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 out of round and your lack of concentricity,
It is a complete unit in itself, the air gauge, ard it is uolv1ng mqny,
many 1ndustrlal problems° -

1 am going to move qulcklf into electrical aqu1pment. First is
this simple attachment here, where ycu take an ordinary mechanical in—
dicator and you hook @ switeh on to it. Here we have 2 little switch
box. We 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-
sizey, he gets the red light., On the ordinary run work usually starts
with oversize. The operator works back to green. If he 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 sometn1n5 of that nature.

However, the next point is that, having done this, you have
created an electrical impulse; and the minute you create an electrical
impluse, you can build that impulse up through tubes, transf@rmers,
relays, and everything else. You can mske 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 switch, and then be getting things automatlc. :

If you attend the tool show at Philadelphia next year, you Wlll
see push button machinery absolutely complete, where a little girl will
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push two buttons snd a crankshaft will come down out of the air somewhere
and fit. in between cefiters; she will push ancther button and -some milling -
cutters will ‘go to work, - One of these little gadgets will automatically
set “the ‘stop switch when the thing is in size., She will .push a button
-and-ar-conveyer will pick up the ¢rankshaft and carry it over to a grinder,
4 girl on the grinder goes through approximately the -same cycle.  Two '~
girls instead of thirty men. You know, every men here is.soon going

t0¢ ‘have to put on an apron and. work at home. I just brought uwp an eco~
noiic problem, by the way, of- what. autematic measurement is going to do.

0f course, the accuracy of apparatus of this nazbure is dependent on
the accurady of the indicator. With e mechanical indicator you would be
‘confined to a tenthicr -a half of a tenth. 50, to take that a step -
further and getting down to the finest thing in measurement that we -
have today, 1 brought along an instrument which measures in millionths

‘of ‘an‘inch; an electronic setup.. -

- With a setup of this.naturg we gain a number of advantages. In
the first place, we have lights here in the same way as we have them
over there, the green and the red and the yellow; but we have a couple
of other features in addition to the meter. Ve cah regulate this sort
of apparatus to tolerance electrically. By turning a dial in the same
menner that you turn a radio dial you can set the gauge for the mean
dimension,  If yeou went to run it for tolerance, you can set it up to
scme tolerance or other. Now thet is set for the lower—size piece. - 1
can qhénge that if I want to by agein moving the dial.: In other werds,
we Set-electrically cur tolerance limits. I can go up to the high or
plus side.. I can change that cendition by meving a dial., It is just
‘as:simple ss that for the cperator to.chénge to a different. set of _

specifications.

"I have this thing set for willionths. This hand is new at zerc.
Notice that just the ‘slightest pressure of my fingers cn the back cf .
“that ‘column heas changed it some twenty or thirty millionths. - You can.
change the reading by breathing cn this instrument,; oF by the proximity
of your body. We have instrumentation, gentlemen, which will do stuff
that @s yet the average machinist or cperater cen't meet.  Or, to make
3%t practical, we can change the sczle here so that it has a limit of three
tenths instead of one’ténth or a thousandth. . In other words; it can
do “Pough ‘work or it ¢an'do fine work. You éan do the whole business

electrically. This gauge is pretty near the last word,

Ahriother advantage we:have here is that there is absolutely nothing
mechanical to wear, -This is a floating ‘sort of device. The action
“inside is electrid., It 'is all in air, all'suspension. There are no -
bearings. 1In -other words, you have endurance forever. You can't wear
it out. ey . .
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) We passed around some sheets, gentlemen, with some pictures on them.
They illustrate what I said--that by taking a basic electrical circuit
and creating an electrical impulse inside an instrument, you can build
it(up_through‘relays'or'tubes and things of that nature and make it do
anythipg; In the upper left-hand corner of this first sheet is ‘shown
a machine through which glass tubing rolls.  The picture shows 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. 4&s
. the production machinery cuts it to length, the glass tube is rolled

into that hopper Wwhich 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 break it. If the glass tube thirty
feet away from that hopper rolling through is the right dimension, the

‘electrical circuit will remember that; and when it hits this hopper,

the hopper will tip and roll the tube carefully down inte theé batch that
is going to be packed. fie have whet we call a memory circuit now, and
you cen make that thing do anything you want to do. - ’

In my last job, which was in & wire mill, the rollers were down
in the basement. The whole control business for the rest of it was
up on the third fleor, ~&s 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 & machine which is a-step
further than this sir device (indicating). This is 2gain for wrist

‘pins. They come off the machine on-an autematic uphill conveyer.

They revolve through a little fan device which'picks them up one at

a time and rolls them through the electrical device at the bottoms

That is a quick—-sorting device.  We are sorting these pins for selective
assembly into six different clssses. The machine will merk them or
stamp them so that the.assembly operators can use them.

On the next page, in the upper left is a picture of a“machinekwh§ch
is used by type setters tc measure the depth of type. The success that
we are having in color printing now is due to the fact that we are con-~

" trolling the type depth, the eéngraving plates, and all that sort of

stuff, even the thickness of the paper, to tenths of ‘& thousandth.
That is why we are getiing these wonderful color reproductions in the
nlife" magazine and the "Saturday Evening 2ost™ and -0 .on. '

The picture up at the top shows & machine where the girl puts these

slugs in and the machine sorts them out automatically.
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... Just below is 2 pictﬁre‘of'a_ballébearing'sprter which is now in
.quite .common use in all ball-bearing factories., They simply pour the
balls in, The machine locates each ball; méasurers it, and brings
the: balls then out at the left in anywhére between two and fourteen .
clagsifications five millionths of an inch apart. That is how quickly
it works. . We can go closer than that, but the ball-bsaring mechanics
aren't able yet to get a reading 6f twenty-five millionths out of
round; so to classify much closer wouldn't mean very much. -

. On the upper right is a picture of part of this wire machine I was
~Just speaking of, just the measuring part itself. . To the right is a
Jittle 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 that I was talking about. It also
contains a recorder, so that the management has a record of every . inch
of wire going through, just what it is. One tendency now is to tear
off a sheet of that record and put it in the shipment or with your bill
and send it to your buyer., There is the evidence that you produced in-

R St

- tolerance work.

We had one funny sort of reaction at this wire mill. The fellows
on the mill downstairs told us this roller thing was unsafe, They said
it somehow or other interfered with their menipulations of the machine.
The union went to the safety committee and they said all these apparatus
had. to come out, $7500 worth. Vie went down on the job and looked things
over.,. . Ve thought we knew what was going on., You see, for the first
. time .a record was being mede up on the third fleor 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 will blame their poor work on something else
if they can.. You have.to et to the fundamentels of the situation.

. Thet did we do? We but‘in*$300'extra. ' We put anobher recorder
down in, sight of these fellows in the basement, with this statement:
Mhe want you fellows to see how well you are doing." After.that went

in, this thing was perfectly safe.

QUESTION# You have said a lot about the‘philoéOphy of gauging, but

- 1« haven'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, 25 a gauge and not as a nammer, it will retain its zccuracy; where~—
&8s 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 gauge on a pressure cooker then an indicator
gauge, because I cen't calculate accurately the indicstor pressure.

MR. KEWNEDY: 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. - Bubt in-general, the minute you
get into indicating equipment,. you get into this type of -gauging all
the way through. .You have_what;we=call:a-comparator;f This 4is direct
reading over a very short range, ..So there is this much necegsity:-

The operator must-every once in -2 while put a2 pilece 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 has to do is
turn the dial until it says "zero" and then he is on his way.

‘This sort of equipment will run direct,readingS»anywhere'fromlabout
a thousandth of an inch uwp to, say, fifty thousandths of an inch. Beyond
that you have to go intc other types of equipment. You have to consider

the comparator, where we actually calibrate it first with a Master;f

Now, .if you want tq‘go beyond ‘that in an average plant, whether
you are using this plug type of gauge or a micrometer or some form of

-‘indicator gauge, you have to go to basic equipment, which is eitner

light waves or gauging blocks. We have to 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 sufficient to maintain the
accuracy. ‘ ' ‘ ‘ ' :

' The other point that I WQu1d>like‘to'bring out is this: Speaking
of your pressure cooker, gravity, of course, is always there, but there

" 4is also friction, stickiness, and so forth. ily 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 invariably warn you
when it is itself in error, That is one advantage of it. That would
be one advantage of your fireless cooker. LT

CCLONEL HENRY: Mr. Kennedy, cn behalf of the Commandant, the

College, the students, and the faculty, I ﬁhank‘you again for being with

(5 May 1950--350)5
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