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MR. K~IEBY: (After a few preliminary, informal remarks, Mr. 
Kenned~ launched into his technical talk.) 

Measurement probably started way back in prehistoric days when 
some cave dweller back there said, "I want another thing like this." 
Unfortunately, he didn't get it because it se~ns to be a law of nature 
that no two things sre alike. In other words~ duplication is impossible. 

Industrially, we simply attempt to duplicate dimensions or, as we 
s~, we ~rk to as close tolerances as possible. And, of course, here 
is where precision linear m~asurement comes in. 

I am not sure ~hich c~e first--industrial progress or measurement, 
but they are very much tied together. As the ability to measure progres- 
sed, industrial progress came with it. Right now, we in our industry are 
a little ahead of manufacturing. We are able to measure to the mill ionth 
of an inch successfully, but manufacturing cannot yet readily hold to 
such a close tolerance. 

Historically, measurement standards have been necessary. The yard, 
for instance, was at one time the distance between King Henry's nose and 
the tip of his middle finger stretched at arm's length. The thuzlbnail, 
~ose Latin word was uncia, was likewise a standard, and from this prac- 
tice we got the word "~-~." 

For us in America, probably Eli Whitney made the most i~portant 
contribution to measur~nent methods as far as early history is concerned. 
Our schools have made Eli famous for the cotton gin, but he--not Ford-- 
is re~3]y, as you know, more fsmous for having invented mass production. 

In those days the gunsmith made the gun himself--the stock, the 
barrel, the trigger, the little parts, and so on. Eli said, "Well, if 
i have one man make stocks, another barrels, another triggers, and another 
man put them together, I will get more muskets." He did and got them 
faster. 

Then he discovered that these parts didn't fit, so he devised gages. 
His first attempt was to take a little flat piece of metal and cut a slot 
in it. He said to his man, "Now, your piece has got to fit this slot." 
If they did, they went together. 

What I am trying to bring out by that is that we st~11 have Eli 
Whitney's gages, after these many years. Here is one (demonstrating) a 
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little bit more modern, a little bit changed, but no different from 
whatthey used back before 1800. They are still in use in our shopso 
They have their place--I am not denying that--but they are a symbol 
for lack of industrial progress. That is the first point that I want 
to stress. 

Any of you who have been or may go to Watervliet Arsenal can see 
on the wall up there a set of wooden gages. They look like tennis 
rackets. In the time of the Mexican War those gages were used to meas- 
ure cannon balls. You might be interested in passing this picture 
around, and take a glance at what they did back in those dsys. Water- 
vliet now has those gages in a glass case. Its personnel are not using 
them. Bat, nevertheless, at Watervliet and Frankfol~i and some other 
places the gages are no more modern, because they still have little slabs 
of steal with holes in them, and they call them gages. 

I go into shops across the country, modern in every respect--auto- 
matic machinery, the latest in tools, parquet floors, conveyors--every- 
thing you can think of. And then I get do~ to the man on the machine, 
who is actually making the product, and I look at some of the gages. I 
see somethin~like that (demonstrating), some of this old stuff. I feel 
like the chap who is getting into a Cadillac in these days, but he is 
still putting on goggles, a cap, and duster. 

This thing called precision measurement is another part of the 
background which is growing up. in effect you in the Ar~led Forces are 
responsible considerably for the fact that we are demanding more precision 
ted~j than we used to. To~ard the end or at the end of the last war, 
there was a great deal of magazine publicity about the ability of the chap 
in the air to pinpoint an oil barrel 30,000 feet below and hit it; they 
ascribed their success in bombing to the Norden bomb sight. Then the mag- 
azines come out with the story that these bomb sights were made in mass 
production to tolerances of a tenth of a thousandth. 

That had its effect on the public, gentlemen. Some years ago, for 
example, I owned a well-kno~q make of car. It did 50 miles an hour, and 
it lasted about 50,000 miles. Today you expect a car to be able to do 
lOO miles an hour at the least and to last at least lOO,O00 miles. The 
difference between the two products is precision. In the old days two- 
thousandths of an inch tolerance was a mark of master craftsmanship. 
Today two-tenths of a thousaudth you can throw a cat through. 

In those days we cut out two-thousaudths worth of metal aud dropped 
it on the floor. Today we lea~ it on the parts, fit them together by 
selective assembly, and let you wear out that extra metal. You get more 
wear, you get less vibration, and you get less trouble. That is the modern 
tendency. 
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Coming back to history again--for more than a century the crafts- 
man would use the equivalent Of ~is steel ~e and a p~!r of calipers 
somewhat in this fashion (demonstrating), and he could measure repeti 
tively as close as one sixty-fourth of an inch which is about .015". 

Then a Frenchman by the name of Vernier in the early 1800,s 
devised a way of subdividing the inch into thousandths, and since then 
we have had Vernier instruments of which this is one (demonstrating). 

About the time of the Mexican War, a Rhode Islander by the name of 
Broom s~]ed over to Paris to investigate Vernier's products with the 
idea of making them in America. ~ He not only came back with the Vernier 
principle, but he had also seen a screw thread caliper device for measur- 
ing. As a result of his effort, we now have the Brown & Sharpie Micrometer 
(demonstrating) • 

From this point on I want to describe the progress made in measuring 
instruments and devices, especially in the last decade w but there are a 
couple of principles or philosophies I'd like to discuss for a minute or 
so because they are so important to the successful securing of comformsace 
of product to the specification. 

Modern gaging equipment takes into account the import~it element 
of timesaving, and here is one small demonstration of what I mean. 

A man is making, we will say, pieces like this, multidimensional. 
They are shooting out of this automatic at the rate of !00j 200, or more 
a minute. We w~11 admit that he is conscientious, that he takes a piece 
once in a while m~d checks it. He wants to be sure that his work is 
right. 

Here he has a micrometer. I am not knocking the micrometer. We 
make it. But the first thing he does is to check this shoulder here 
(indicating). Then his second step is to roll this micrometer down to 
the next shoulder. The, the next step is to roll it down to the third 
shoulder and get that measurement. 

Now, gentlemen, the biggest muscle in the body, so I am told, is 
the one that runs upward from the back of the knee and, being the big- 
gest muscle, it gets the tiredest. I want you to get the picture of a 
man leaning against that muscle, measuring, concentrating, looking. 

Suppose instead of a 20-dollar mike you supply him witlh a 30-dollar 
gage, with which he can measure this piece this rapidly (demonstrating). 
Anybody can read a clock. Do you get my point? The actual timing on 
this job, gentlemen, is six seconds against 22 seconds. By that means 
you can help your job along. 

We have another situation in this background. Most of the work 
that we make is multidimensional. This is a piece here. It has all 
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of the dimensions. You can see this piece coming out of the machine. 
Tool after tool worked on this and brought this out, as we say, in 
one operation. The man has to check on every one of these things. 

Well, you can see him here. He will try this one here with a 
thread gage. He will run over to another one. Then he ~11 go over 
to a third one. How many pieces is he going to check at a piece rate 
with that kind of gaging? 

So we tried to modernize that. We have the thing doom now so that 
he m~es this piece, ne puts it in a gage like this, and he reads 
instantly everything that he needs. ~lat one costs about $500. I don't 
know ~at this miscellany of gages does cost. 

I was told by a Ford engineer--I am not certain of my figure, but 
you can get the precise one--that its people are willing to invest $1,500 
dollars in equipment if it saves three seconds of time. They think that 
is good economy. 

But anyone who tries to put in modern time and scrap saving gage 
equipment is going to meet resistance. In the first place, the mechanic 
who has been using traditional and conventional equipment like this 
(demonstrating) isn't going to readily change to the new. One stunt is 
to fiddle around the operator's machine with the new style apparatus, 
measuring s~ne of the pieces the operator is making. Then we Just leave 
~he gage there and walk away. ~aat's more, we apparently forget the gage 
for several days. 

Well, as soon as the chap can get his foreman out of sight and every- 
body else and maybe the fellow next to him isn't looking, he will commence 
to fiddle with it. So we go back in about three days, and we pick up the 
gage and we start to walk off with it. 

The fellow will say, "Hey, bud. Where are you going with that gage?" 
We say, "Well, shucks. You didn't like it the other day. We didn,t think 
you cared for it. We forgot that we had left it with you." 

He said, "Bud, i want that gage or one just like it." And, he 
meant it. 

,,Well,, we said, "Why? What happened here?" He said, "Were you ever 
driving at night and have your headlights go out suddenly?,, He says, 
"That is the position I am in now when you take this away frGa me. I 
can't see where I am going." 

Resistance to the new and better isn't confined to the worker level. 
You find some pretty solid barriers among the foremen, in the engineering 
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strata and especially among .those who sign the requisitions and stand 
responsible for spending money. The latter, so many times, confuse 
price with cost. 

Here is an example in this hydraulic valve component. (The~e 
valves are made for the Air Force ~id are supposed to withstand pres- 
sures s~nething like lO,O00 pounds to the square inch in oil.) The 
operator in a shop making these valves was roughing out these compo- 
nents on an automatic at the rate of about one per minute. 

The lad was given a gage like this (demonstrating) which, inciden- 
tally, cost the toolroom about $5to make. He used it to check the size 
of this hole reamed to .0005" tolermnces. 

I'm going to pass this plug gage around. You can see where it was 
dropped end gct well nickedup. What you can't see was the time a fellow 
used it as a hmmuer to drive in a n~S. 

The scrap and rejections by inspection from this job ran steadily 
nearly 20 percent. More to the point, the valves in which these compo- 
nents were eventually assembled showed up as ',leakers" on final test to 
the tune of nearly 40 percent. To make 1OO valves and only get a net 
of 60 is rather poor procurement--~at? 

o 

So we went to the boss and offered him this gage (demonstrating). 
"~gnat does it cost?" he asked. We told him, $165° He shook his head. 
~y should he replace a $5 gage with a new fangled $165 proposition? 

However, we went down on the job and loaned them the $165 gage for 
a long period of time. In that period the scrap and re-operation loss 
dropped at the rate of $3,800 per year. On top of that, the leaker at 
final test tapered off fr~ 40 percent to 7 percent. You can see what 
the $5 gage cost. 

All this emphasizes the point that the place to check the confor- 
mance of product to specification is at the point of operation. Usu~lly, 
if you give the operator the proper gaging equipment and set up his 
operating cycle so he has adequate time to check his output, your quality 
problems begin to shrink toward the vanishing point. 

The next thing in the gaging line is this: If you are not getting 
the quality of product that you want, it is necessary to do something 
about it. I don't mean sending out letters and directives; and I don't 
mean pounding ca the desk. I think it was someone in the Air Force who 
was talking to a pilot and said: "Now, when the paper work in connection 
with this flight equals the weight of your plane, take off anywsy." 
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What I mean by doing something about it is have somebo~ respon- 
sible; get out on the job, to the operator. For instance, at the 
Denver Ordnance Plant during the last war, where I was the Chief inspec- 
+..or, there was a shortage of gages. Somebody sent us some glass gages. 
They were of this general type, but made of glass. They were perfectly 
good gages and they measured all right; but, if you dropped them on the 
floor, they weren't any good any more. So we we~t out on the floor mad 
said: "Fellows, these are all the gages we have. They are perfectly 
~11 right, but please be careful with them. Don't drop them." 

i went out on the floor the next day and, to ~ astonishment, I 
found those fellows out there actu~lly gaging for a change, instead of 
resining holes the way they were before. What I want to demonstrate is, 
we did something about it. It doesn't matter what the higher ups supply 
the man, if it is something new, something along this line, something 
different, he gets the idea that the men up above meau that they want 
confozaance and quality, because they don't write a letter and they don't 
post a bulletin, but they do something about it. 

With this much introduction and background, I should now go ahead 
with what I was invited here for: that is, to describe and discuss 
linear gaging equipment. I will try to take you through apparatus that 
is good for a slxty-fourth of an inch to equipm~t that can discern a 
millionth of an inch. 

The primary industrial measuring tool is the steel rule. You can 
measure ~ith reasonable accuracy to a sixty-fourth of fifteenthous&ndths 
with that. A little depends on the type of piece that you have, that 
you are trying to measure. 

It it is a matter of diameter, the ususl thing that he does is get 
a pair of calipers and check the measurement that way. 

Coming up a little modern, we have taken the caliper and we have 
put an indicator on it; we can measure the diameter of a piece directly 
sad quickly, like that (demonstrating). I know of one concern out west 
that, several years ago, when the foundry shortage was on, bought a bunch 
of these and used them in its shops and £o~udry. The employees of that 
concern controlled the wall ~id the web thickness of their castings with 
t~le calipers. Previously, they had done it ~ith a steel rule. They con- 
trol it so well now with an instr~nent of this nature that they con~nenced 
to buy castings by the piece instead of by the pound, and both the found- 
ry and the concern made money, and the deliveries picked up. 

Probably the next thing to be talked about is the micrometer. That 
is a marvelous tool. A recent addition to it is to put an indicator on 
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it, and also to put on what we; c~ a coastant-pressure micrometer. I 
can have six of you measure a pin with this micrometer and come up with 
six ddfferent readings. One of you may have a hand like a ham and 
another a hand like a schoolgirl. But with the indicating type of mike 
with the spring-loaded anvil, one of you has to get the same reading as 
the other. When you are working down to tenths, that is esseatial. 

You have a measurement like this (indicating) to make. A chap wTl,1 
come in with a Vernier caliper. He will fuss around lik~ this. He 
usu~!~y has to use a glass. I haven't taken as much time as he would take 
to get that measurem~mt correctly. What I wmat to point out is this: 
How much faster, how much more accurate, it is to do that (indicating). 
The indicating gage measures instantly. You have a gain in time, a gain 
in effort, and a gain in accuracy, which is essential today. 

With the indicating type of instrument we come down to tenths of a 
thousandth, or to have a tenth, to fifty-~!lionths. With the air gage 
we come down to fifty-~11 ionths. In a minute or two I will regale you 
with millionths. 

Back of-it all, of course, I couldn't talk about measur~uents with- 
out mentioning the gage block. There (indicating) are five inches in 
space, which is accurate to about five-millionths. This is our basic 
measuring tool. With a set of these gages, we can rack these up 
together like this, pile them up to any length we want, and things of 
that nature. I bring that up because it is part of a gaging talk. 

Along with that, we have come up in the industry in the last few 
years with what is knom as the air gage. I would like to demonstrate 
it for a second. You are going to see it in the motion picture, but 
it is better seen in action than over a film. 

The other thing I want to bring ~p is this: I will say dogmatical- 
ly that when it comes to hole measuring, probably the best solution in 
the world up to date is the air gage. Here is a little job. This is a 
piece from a textile machine, but it has a bearing in here that is a 
little important. According to the plug gage, this is perfectly all 
right. It goes in the ,'go" and doesn't go in the ,no go." Perhaps 
I can demonstrate it with this air gage. It is about four-.tenths of a 
thousandth off size. It has taper, and it is out of round. Yet under 
the ccnva~tional method, the old-fashioned method, this piece was per- 
fectly acceptable. No skill required on the air gage. 

~dle i am demonstrating air gages, let me also suggest one other 
point. Up to this minute I have brought the work to the gage; that costs 
money. It is much better if the worker is able to bring the gage to his 
work. Well, we are ~11 set (demonstrating). The work is in the chnck, 
all held in there. He just brings his plug over it, reads the gage, 
and there he is. 
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We will show that in the picture. I did want to give you just a 
look at that ahead of the picture and fasten in your mind the matter 
of air gaging. 

Now, following along frmu a sixty-fourth or fifteen-thousandths, 
to the thousandth, to the tenth, and to the half a tenth, to fifty- 
millionths, we came next to the electric and electronic, and, inciden- 
tally, to the ~11ionth of an inch. 

With the electric we introduce one other feature. We can hook an 
electric gage to the ordinary indicator. The man st~i] has the ability 
to read his indicator, but on top of that he can see lights flash--red 
for oversize, green for onsize, and amber for undersize. 

The American eye is conditioned to see a light. Having something 
of this nature hooked up to your machine and going by flashing lights 
would speed it up tremendously, because you obviate the instrument 
reading lag. 

In creating an electric impulse, you have done another thing. I 
mean, in order to light that light, we have created an impulse. Now, 
we can amplify that impulse. We can send it anywhere we want to. We 
can have it, if it goes red, travel through and stop the machine. You 
can have it ring a bell. I don't care what you want it to do, you can 
do it as soon as you have created an impulse. That is the next point 
I want to bring to your attention. 

Then finally, with practically the same idea except that it is 
electronic instead of electric, we not only have the electric i~ulse, 
but because of electronics we c~n begin to measure in millionths. 

This instrument here will take millionths. You can see, I am work- 
ing backward here. That ~11 ionth flashed by so fast, working backward, 
that I could hardly control it, You ~11 see a lot more of this in the 
picture. 

The other point I wanted to bring up especially to you in front 
is the effect of temperature. I am just simply going to put my finger 
on the back of this column, and you doom here, at least, can see that 
needle crawling right along. What the heat of my finger is doing is 
buckling that piece of this instrument. 

We in industry are working to ten-millionths, fifteen-millionths, 
five-millionths, and things of that nature; and for that an instrumenta- 
tion of this nature is necessary. 
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We can also take this impulse again and, as you w~ll see in the 
picture, we can classify par~S by sizes, we can stop machines, we can 
do things of that nature. 

I don't have half an exhibit here; I couldn't strip our shipping 
department of the necessary gages. But, as we stand in the industry 
today, we can come up with almost sr~thing that is needed. 

We have a picture which takes us from this stage that I have shown 
you right up through the automatic gaging that is now in vogue. I will 
a4Rcuss that after the picture. We now begin to get into what I c=11 
s~tomation and what I guess you call cybernetics. We cut a lot off the 
first part of the picture because we had a lot of advertising in it. 

Thank you. 

(26 Feb 195 --250)S/w  
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