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INSPECTION GAGESl

4 Varch 1948

COLONEL GODARD: - Gentlemeny we in this College get, I would say,
98 percent hlgh-level very theoretical 1ectures. The people that we
get from, say, the plck and shovel level,.if you like that term, are
few in number. But in the final- analy51s they are the people that have -
to do the work. When we pWan forl produc1ng gooas, we need our men on
menmkamiﬂmmllmmL ' :

. With that thought in mlnd'we have brought in a man--and I mean no.
dlsrespect in using the term--from: ‘the pick and shovel level, He socnt
the entire war with the Remlngton Arms Company as chief inspector of their
Denver Ordnance Plant. Prior to that he was in engineering in various '
phases, . and Has spent his entire 1life in shops, He will bring you. the ~

practicaly down-to-earth approach to the problems of producing munltlons
of war, ;

His -subject, "Inspection Gages," is, I think, probably one of the
most 1mportant sde@cts we can-consider, because everything made hag to -
‘be measured .in ‘some way or another, Whether you use a ruler, a gage, Or
whatever it may be, you have to measure- everything you mzke, From that: o
point- of view I am very much pleased to 1ntroduce Mr, Cllfford w. Kennedy. .
Mr, Kennedy. C o

VR. KENNEDY Gentlemen, I am, in the first plaCP, going to be very -
informal in:this talk, Secondly, I am going to be a little bit elementary.
Colonel Godard did not mention my compapy..‘l wish you would consider me
as rnprosenting the gage industry and not for the minute my own outfit.

If during the course of the talk I unconsciously bring into it some com- =~
mercial plugs, just overlook them. I have products of our competitors here

as well as our own and will talk about them also.- I will try to play fair. o
Then during the questions or discussion later Just think of me as represent~ .
ing the entire 1ndustry. I am not up here advertwslng a- 51ngle product

I have sort of d1v1ded thls up, with your perm1551on, Wnto two or
three headings. I mlght tell you ghead of ‘time that I would like to get ™ .
in a few words as a 'line:of thinking which should be useful whvn or. if you
have to attack 2 gaging problem sometlme 1n the future. a

As an example I might' tell you ahead of tlme that in any shop you 20-
into you come-up against. gaging problems, ' They. always think 21l this stuff
is all right, but’ théy have special problems. When you boil it dovm, there
is 2 common denominator .for. eVerythlng, certain basic conditions, Everybody

thinks his particular problem is sp801al, that they dlffer from the other
fellow's problems. .
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There are many jobs where it pays to take the inspector right off the
job and put it. up to the operators ‘and let them.wofk their way out. We
get ‘so we lean on the inspectorse: TLiots™ of L imes my feeling is that we
" should take the inspector right out and sée what happ€ns, instead of. to

- keep ﬁddlng and adding 1nsnect10n. -

© But look. ﬂt it this ways: Why 1nspect and gage° The firsﬁ reason
jpronosed is’ "comparlng product with sb801flcatlons. ‘That is the whole
’freason in generul for .gages or 1nspectors.; ' :

And then as sort. of a subheadlng‘we have guges and caglng bacause we
want to meke interchangeable partss  Perhdps the best military example I
can” thlnk of at the minute is that during the late war we made cartridges
.at one plant and rifles at ancther plant. -The cartridges made in one plant
?chambered in a chamber made in the rifle combany's plant. Gaging is impor-
tant when you want interchangeability of parts. We made things in one part
- of the world that fit thlngs made in another part of the world. Geges
. played ah” important part in that.

Commerc1ally gaging is used to reduce aSSembly cost and to procure better

i répair parts. From the commercial angle that is’ very important. You make

-up something and send it into the field,  Something wears and thfy have to

gvubuy'a part.: Gaging plays an 1mportant part ‘there.

. From the point of view of management w1thont suiltable gaging equipment
of that nature, and without suitable 1nspect10n, you carnot and probably
will not reduce scrap, splv¢ge, and rework.” Let us keep in mind when
‘analyzing a manufacturer's productlon that it. is not the total production
that” counts; it is the total net production that you can use. I was des=
eribing a plant this morning of which-26 percent of its production went

into-the ash barrel Now, .if you are planning on'a hundred thousand units

- =a ‘month for that plant and a quarter -of its production is’ no good, there is

a problem of 1og15tlcs tber 1sn't there° Gaglnv comes in thcre.

Imnortﬁnt too, gaging down the llnb assures flnal product gquality. A
lot of people lose sight of that. Ft-speeds-up productlon. Incidentally,
our -friends in"these collectlvc bargaxnlng agencies, the unions and things
ofr that nature, are rcallzlng more.and: mere the importance of gaging and
proper gaging equipment, because Wlth it ‘the operator can gain production
and therefore can put more money in his pay envelope. They are beginning
to look at that side of it,. -.And that.takes in the- last iter here, and that
is. that 1t makes the work ohy81cally easier for tha operator. :

So you cdn ariswer the questlon,_"ls an 1nspect10n or gcglpg nmeded at:
this point?" ‘and then go on . to the next: one, ‘"Can ‘operafor gage, inspect
and controlk. quality or must there be an 1nsnector in addition?n . Hore I am
going. to spéak dogmatlcally. When you select ‘gaging equipment or have any-
thing to do with’ it, think of the operator. Never mind the blooming in-
spector. Never mlnd anything else. Get into the hands of the operator the




Now, to tell the operator two days later that he had made a bunch of
scrap doesn't mean anything. It is not worth a cent. They were having
trouble, of course, because, if you are making bad work, I don't care how
many inspections you may put on it, it will creep through and get to your
customer, You can't sort it out one hundred percent by gages or gaging to
save your neck if you make it in the flrst place. You may get most of it,
but not all of it.

They were having trouble.  What did they do? We tried to sclve the
problem in several ways. One part of the solution was this: We set up
between the management and the time department an arrangement whereby the
operator was allowed time to meke one piece with a micrometcr which in his
opinion was just the size that it should be, He was allowed the use of this
special gage down the line. He was allowed to go down there and check it.
That became his master. Then we supplied him with a little {(indicating)
gage like this, and he set that gage on that mﬂstrr. Then 2s he ground, he
used his gage with his master. We put the whole job up to the operator,the
regsponsibility and all, spent Just that much money on gages, and cut out all
that stuff down the line.

- "Is gaging equipment expected to pay for itself, or must it be used
anyway irrespective of immediate savings?" You havc an exemple in thread
gaging., If the threads are not accurate, the thing is no good. Iots of
times, whether the gaging seems to mean ﬂnythlnv or pot, you must have
control.

"Are components to be gaged again dt some succeading batch or final
inspection, by customer or government inspector?" Well, the choice of
situation affects the choice of gages. Suppose’ the yovernﬂcnt inspector
is equipped with a snap gage for measuring a certain diameter of a part
and the operator has one. Suppose the two gages are not alike, and one
gage will reject parts that the other one won't, Things like that are
always happenlng. ‘

In a2 situation-like that be sure that the government inspector, the
fellow at the end, has the largest of the two gages. One of our favorite
tricks was to take a worn gage away from the operator znd put it in the
hands of the inspector and to give the operator a brand new gage which was
right down to size, KXeep your tlghtest and smallest gages down near the
source of the job, and don't reverse that situation. I am giving you only
short examples of what hanpens.

"ihat class of help W111 use¢ the gage--operator, inspector, supervision;
high pay, low pay; high I. Q., moron, blind, crippled; male, female?" I
remember a felt mill that I visited where they had a gage for measuring the
thickness of the felt, They had an inspector running all around the room
to these machines measuring this felt. Instead of giving him something like
a micrometer or scmething he could carry in one hand, a little eesy gage
like this, thsy gave him one like this (1nd1cat1no) He had to carry it
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It is worn with the first stroke it mekess: It is unreliable after the
first measurement, to some degree. ‘Insist on having at least a chrome-
plated gage. It is better to have a Carbide or Norbide gage, which is
capable of one hundred thousand. measureriénts without any wear.: It costs

.2 little more ‘than an ordinary steel gage; but if you want accuracy, if

~you want. toknow where you stand, want to know what the fellow is doing,
give him the stuff to work with. ‘ : : -

f course, stuff like this Norbide will shatter if it is dropped.

I remember in Denver, when the first glass gages came in, we¢ went out and
.said to these fellows, "These gages are made of glass; so be careful. Don't
drop them." Glass was very hard to get during the war. I went out there
.the next day and to my surprise the felldéws in the shop that were using
. these glass gages were trying to be careful of them. The average fellow

"just.reams a hole with the gages So it is just a little trick.

I am not knocking mikes, because we manufacture them. But let us take
a screw machine, plugging out parts at so many ‘a mirute. If the operator
is normal, he is under a little'bit of tension. He picks up a piece. He
has a mike and he slips one of these pieces in here. We will say that he
. has to check four dimensions, -He .gets the first one. He must clamp it on
and read it like this:. If he is an old man like. I am, he has a job. Then
he has to get the next dimension. .He has %0 clamp that mike on it like this.
Then he has to read it again.  He probably rolls that mike on his sleeve or
his arm and gets it full of hair, which doesn't help it any. But he géts
it on this diameter here. He checks it there and so on., Now, all this
" time the machine is plugging out the work and he is nervous, The biggest
ruscle in the body.is the one that goes from behind the knee up to the back,
. 8o he stands working on that biggest muscle; and that being the biggest
muscle, itgets the most tireds - - . |

Now, suppose you gave that operator a gage like this. They 211 know
how to read a clock. You don't have to have bifocals to do that. Here is
first dimension, here¢ is his second, and hére is the third dimension. You
just do like this and read all four dimensions, just that quick, If you

want to géinAquality,‘think.what you are doing when you buy gages.

And so.we go. - "Nature of supervision‘and the atmosphere in which the
gage is to be used," We sent a gage out to a General Electric plant in the
Midwest, It was a peach of a job. Tt was developed back east herc. We went
out a 1little while Iater and looked at it.: It was under the bench covered
+ with dust. The reason was that the gage-showed up how poor the work had
been. You run into ‘that. You run into situations where they were not
properly instructed in using the gage and the whole purpose is defeated.

So lots of time you no% only have a gaging problem, but you have to be sure
that you carry on a training program as well, = = | S
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.. Next on the list you have "radins, fillet,. proflle and template gages;
squares." They are special gages for spe01al shapes. They are-still good
for about a 81xty-fourth. © i SRR

Next you have the sine bar, V block end other surface plste equlpment.
That is when you have to measure ‘tloser than a thousandth. If there is a
gage man in the room, he is going %o be right on my neck. He is going to
say, "You''can get ‘closer than & ‘thousandth without those." All I say is,
"Wétch.out. Maybe you can, but maybe the man who is or the job can't,”

Micrometers are very common. and most useful tools. Somebody dlscovered
that you can cut a screw thread, wh;ch is the basis of the micrometer, to

‘hold the accuracy to about two-tenths of a thousandth. And that is true.

That is one of the things that make a micrometer so good. - But if you run

~_up against 4 job where your tolerances are léss than two or three~tenths of
'**fa thousandth get away from your mlcrometer. T .

Ir I plcked up this piece here and this: get of mlcrOﬂcters and passed

~ tHém out around ‘you and had each” of you measure that piece, 'T would get at

a minimum fifty ‘different dlmentlons. I would probably get a hundred dif-
ferent ones, but fifty at a minimum, There are not three of you-out of the

' huridréd and fifty who are here who can meéasure thls piecée alike withian
'ordlnary mlcrometer under ordinary condltlons.

So Just watch that in the shop. Go for other equipments  Here I have
to throw in a commercial plug because we happen to be the only ones in
America now making thiss If you want a microémeter and you want it closer
than two~tenths of a thousandth accuracy, get'an indicating micrometer and

you will get what you want, ~I-wéuld have given my shirt during the war if

I had had this type of equipment for measuring bullet diameters, because
bullets have soft metal sleeves on the outside and the fellows on the line

+ “eould-give me any dimension they ‘wanted with an ofdinary pair of mlcrometers
4% within thrée ‘thousandths' of an inehy - :They ‘either clarip up ‘too tight or
% they don't clamp up-tight enough. ~They ‘could give you ‘almost any dlmen51on

‘they wantedito, If wé had’ had equipment like this, we'would havo been
Spared a lot of trouble. R ’

;":!', K : o . . L X
In between the steel rule and’ the mlcrometer there is what they call
vernier equipment, illustrated mostly by | this caliper. You may actually

“'havé a steel rule, but then you have'a little specially designed scale in

theré¢ with which you are able ito-read thousandths of an’ 1nch. You can't

“.go any closér on wernier equlpmeﬁt. It is- very hqndy and Jery uscful but
»Y.Wetch when you try to use 1% on preclslon work.

The next thlng perhaps 1s 1ndicating equlpment You can get calipérs
with an indicator on them, You 'can read down’ to five or ten thousandths of

soan . cfdeh with: indicating calipers, The average’ 1nd1cator is good for a tenth

215 of . 2 thousandth, ~If your work 1s any closer than that, cut out your mechani-
" eal indicatory :




In electronics gaging you have a radip c1rcu1t.o In here you have
tubes and various-things that a radio has. When you measure a piece on
an electronic gage, you set up a power impulse. That power impulse may
just make 2 hand move or it may flash lights; but because you set up a
power impulse and becausé you have relays and tubes, you can take from
that point and do anythlng you want with it. You can set up a system
where that power 1mpulse will stop the machlne or where it will start it.

Another advantage of the electric and electronic gages is their sensi-
tivity., When you are getting right down to a tenth or a hundred thousandth
of an inch or a millionth of an inch--and there are production problems
that requlre that-~this is the general sort of equipment that you need to
go into.

In the first place, you can set the equlpment electronlcﬂlly.- I don't
know whether you.can see that 1little hand in there or not. I move my hand
and instantly change the balance on the lights, You don't have to set your
gquipment all the way by a manual adjustment. That is how delicate the
.thing can be, It can be set to measure over several scales., I will try
i, to measure a millionth., Anybody who is sitting down front can see the

» pointer.,  You see that I am cbanging the reading about a ten-millionth
just by the heat of my hand. If you are going to get closer than a
rillionth of an inch, you get an electronic microscope. This is the nearest
to it. For your general type of extra precision work™ this is the thing.

Now on one other phase, on the mechanics of gaging, T would like %o
speak of the use of air., I am g01ng to be very elemsntary.

If you change the dlr@ctlon of a1r, you ohange the pressurec The mere
fact that a propeller revolves in the air changes somewhat the direction
of the air and changes somewhat the pressure, In fact, it creates sort of
a vacuum and that, pulls. the plane along.. The mere fact that the wings move
along against the air. changes the: compression and creates some vacuun, and
the first thing you know your plédrie is going wp in the air. We. make use
of: tth pr1n01ple for gﬂglng, for measurlng. o

{r In the first place,,we produce air under a cert in velocity. That 1s
. what this 1little compressor:is doing, . We have that 2ir blowing out some-
little Jcts. This little plug here Has two little jets, If we stop the
flow of air, you see that column go' down. - If we stop it entirely,. that is
the ultimate, Now, somewhere between free flow and actual stoppage we can
measure. S0 we restrict the air' somewhat by setting it in a certain sized
hole. The direction of the air is changed -and the pressure, and you get
a reading on the gage.

Suppose that your piece has about a thres-tenths variation”in bore.
I want to lecture--and I really mean, lecture-~you for a minutec on one of
the toughest things to control in manufacturing, in metal cutting, and that

11
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Then there was an extra sheet in the bunch given out here that has
four pictures on it. The illustrations are not too good, but they have to
do with fully aitomatic gagimg. I can tell you that the one in the upper
_left-hand corner was designed for the Easterbrook pen people. . They are
making thousands of pen barrels all the time, and this thing.sgrts them
out into over-size, unhder-size, and correct., There are three drawers there.
They &5imply feed the things into the hepper and:the machine grinds them out.
They have something they can do with their over-size ones, and their under-
~size ones on to scrap. The rest they can send on to assembly. "That is one
way of getting out of trouble,

The other machlne,'Shown in the upper rlght-hand corner and in detail
in the lower left=-hand, has to do with wrist pins. In tha t machine the
-wrist pins are fed through antomatically. It measures the intrinsic dism-
-~ eter and classifies them six ways if you want it to, by selective assembly.
Tt also tests each piece to see if it checks out of round. In other words,
the pieces that this machine lets by are perfect for assembly with a cyl-
1nder and the connectlng rod, Tbat is all done in that machine. -

The picture in the lower rlght hapnons to be the only picture I had on
that, That shows the experimental work done with the Norton Company, the
start of the experimental work, whereby a gaging head, an electriz head,
was put on the machine. We have an arrangement here in grinding mhornoy
just a girl presses a button. A crank comes to the machine automatically,

.. The girl guites it into place and clamps certdin things. She presses another

-button and'the machine starts., When that crankshaft is ground to within a
hundred-thousandth of an inch of the correct diameter, the little gage
mechanism stops the machine, the wheel is retracted, the crank is shoved
back out of the machlne, the girl presses a button, and it is automatically
taken on to the next machinee Then she starts the cycle again,. That is
the part that gages play in automatic manufacturing. : o

Now, from the point of view of, shall we say, menagement, from the
point of view of one or two things that you may get into somntlme in the
field either direct or, shall we say, in the form of consulting, if you

ave to give advice or offer suggestions, don't forget what I hinted about
earlier. Insist throughout your career with gages that whatever you buy
shall pay for. itself, There is no use in even’ putting a ovair of mikes on:
“the job if you don't get improvement. “Twould like to emphasize that '

Now, another one, From time to tlme, in fact regularly, we run 1nto"
a 31tuatlon——and you Wlll-awhere a-new. product is’ bowné devised or.a ¢
revision of a prescnt product, and the engineers are all busy, The’ thlng -
- has been designed, 'In come the tooling engineers’ and they say, "We will

work with a Van Norman or a Cincinnati or a Norton." In other words; they

dope out the equipment, they dope out the- toollng and things of that nature.
In comes the methods engineer and he-says, "We are going to have parts
coming over here and gding over there" and all that sort of stuff, They




COLONEL GODARD: I am sure all of you have gotten a much better
appreciation of what gaging is and what it does from Mr. Kemmedy's talk.
We will take a few questions.

QUESTION: What effect does the air temperature and the temperature
of the metal have on gages? ,

MR. KENNEDY: Ten inches of metal will expand a thousandth of an inch. -
per ten degrees. I think that is right. Put it another way., If you have
a gage like this, it is sensitive %o a tenth of a thousandth., You keep
your hand on it and keep transmitting temperature into it, it doesn't take
but a few minutes to increase the temperature of the gage ten degrees from
hand pressure. If the gage is of such size, you may throw your reading off
anywhere from a tenth to a thousandth., I like to think of a ready rule of
thumb for the transmission.of temperature from the hand to a gage. If you
think of ten ‘degrees right here, and then think of a thousandth of an inch
in ten 1nches, you have sort of a picture to work on. It doesn't differ
much.

We had a case of ‘a shop'w1th a gage 11ke thls. One of our girls came
in to work on a very cold morning, . This gage had been in the shop over
night, so it was around 70 degrees. . This thing sort of went into reverse,
Her hand was colder than the gage. This thing just shot right off the
other end. That was the first time I had ever seen it work both ways.

"Let me put it this way: _If‘the measurements-that you have to control
are not less than a tenth, 1like a quarter or half a thousandth, you prob-
ably won't need to worry much about temperature. But if you have dimen-
sions that you have to control that are in tenths, less than half a thou-
sandth, two-tenths, three—tenths, and down, you had better worry about
sunllght and getting in a draft.

One other thing I might say is this: I am thinking of temperature
around 68 degrees. It doesn't matter whether the shop is 90 degrees
provided that the gage and the piece you are measuring and the master you
are using are all 90 degrees. The presence of a draft or the nearness of
a radiator or something of that nature might throw you off a little.

QUESTION: Would you tell us. something about the location of the gage
industry, where the plants are located, what their capacity is, how they
would support an industrial meblllzatlon, and what their capacity for
expansion would be?

MR. KENNEDY: I will tell you this:. The majority of the gage industry
is located in New England., "I will say that. Some of them have spread into
western New York and eastern Ohio. Those are two of the larger ones. But

there are fifty-odd in New Fngland. Within a radius of forty miles of
Providence you will hit most of them.

15
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PPENDTX mn

BOSTON QUALITY CONTROL CONVENTION January 22, 1948
Geging Clinics |

- Check list of remwnd@rs and questions concernod with cb0109 of gaging
" methods and 'selection .of equipment.

Yhy inspect and gage anyway:
Comparing product with sppc“ilcatlons
Meking interchangeable parts
Reduce assembly cost
Procure better repair parts
Reduce scrapy, salvage, rework
Assure final product quallty
Speed up production
Make work phy31ca11y easier for Operator

Is an‘inspection or gaging needed-at this point?

Can operator gage, inspect, and control quglity or must there be an
inspector 1n addition?

Is the gage for the operator alone?
 Can inspection and gaging be combined with.a later job?

What is initial cost? Doss equipment. represent a capital investment or
is it to be charged as an operating expense.to the job?

How is the gaging ﬁquipmon@ expected to pay for itself, or must it be used
for product pretection anyway rega rdloss of immediate sav1ngs°

Will the process gaging being planned favorably affect final product qual-
ity, repair parts, job scrap and rework” ’

Are components to be gﬁgwd agein at some succeedwnc b(tch or fin=l inspec-
tion, by customer.or government 1ns“ector9 : .

What class of help w111“use‘gageoperator, inspector, supervision; high pay,
low pay; high I. Q., moron, blind, crippled; male, female?

Gage to be used at the machine? In a crib, on a banch, at a conveyor, in
a temperature controlled room? By roving inspector?

Working conditions: oily, chips, dusty, cold, acid, etc.?

17
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APPENDIX"A" (Continued)

Surface measurement. ,

Automatic gaging machines.

Continuous and strip gaging. -

Scales and weighing.

Testing, electrlcal, os01llogranh stroboscope etc.
Multiple air gaging.

Selective assembly,

Recording gages.

Masters, standards, spectrometry, ete,

Effects of temperature and surroundings.

Types of measurement.

Economics

Outside dimension, as an O. D.
Inside dimension, as an 1. D.
Thickness, width.

Depth. :
Concentricity or eccentrlclty.
Straightness. ‘
Squareness.

Angles, curvature.

Taper, out of round, triangle effect.
Location.

and management.

Specification or equivalent—--unnecessarily severe?--

effect of product design, of process and methods.

Psychological aspects.

Gage control, labs, maintenance; records.
First cost versus maintenance cost,

The intangible of product reliability.



