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GAGES 

: 15 ~hrch 1949 

COLO}~L ~Y: Gentlemen, in the study of production we are 
ccnstantiy reminded of the importance of ~ass nroduction at l~.v cost. 
in attaining this goal, ho~.~ever, many factors must be taken into consid- 
erat'.on, a re-;,' of ~'" ~- ~n~c~ are interchangeabi!ity, spoilage, and meintenance 
of proper standar4s of quality and operational perfo~_.~mance. 

Inspection and, in particular, the use of gages an~ precision- 
r.ea~[~ring equipment is a means of sec~u-ing these qua!itieso [~acYdme- 
made articles are only approximately identice~l and ~u]5_form. i'~obody-and 
no ~r~chine can r.mke %~o thin~ss exactly alike. The difference may be" 
scarcely measurable but it .;ill be there nevertheless. Occr~sional!y~ 
t~e~e minor changes bunch t0gethe~ - and the product suddenly deviates 
sharply from specifications° In recent years t~.o very important advance- 
ments have added considerab]:j in controlling thes~o deviations, namely~ 
statistical quality control and the use of gages and precision-measuring 
equipment. 

®mr speaker today is especially well qualified to t~!k on this 
s b3ecv. He has had ms ro~ ye:ors of experience in dovisJng, ]planning and 
carrying out essential inspection, quality control, &rid gagin~ program~ 
and is at present ~uality Control Engineer ~~ith the Federal Products 
Corporation. 

I ~a~{e gres.t oieasnre in introducing ],~. Clifford ~ Kenned%~, 
the v;ili speak to ~ou on the subject of "GaZes". L~. l~erm~edy. 

I ~ .  I~DY: Thank you, Colonel. 

If ~ou ~ don't mind, I am going right ahead informall;T. Let's 
not call this a speech~ I have some notes here but they are sLmply to 
hold me within the time 15~uit. I also havc~ them so I ,;;on't forg~ ~ 
something. I am going to be very elementary in ~=:hat ! have to say. 

Speaking of products, i r~mst tDmo';: this in rizht off the bat: 
There is no intention here today, gentlemen, of & corm:ercial plug, 
although it looks like it (l'efcrring to the items on displa]F). I'am 
tr~jing as best I can to represent %he gaging indust~ ~. ]htugally] I 
have avai!ab!e literature o £  the kind you rec~ivcd and i have soma 
apparatus. Others make it. DenY% thi~Jc this is Jack B.onnj', So! ~ 
Luckies, or something of that nature. 
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Aide,Lug for the target of this discussion, there are a few 
diverse or relevant points that perhaps should be taken up before we 
get dovm to pulling the rabbit out of the hat. It is like an artist 
painting a picture. There is always the backgromud that he paints. 

In the first ~]~ce. :.ueT~surc:::ont is a veer co..~%ton hm~an activity. 
~ ~- probc bly the most com~.on activity ~;m have. Time is one of the 

~-- ~ ~- "HOT. far is it to m o s t  c o ~ . . " . o n  f o ~ m s  o f  ,~'n .. . . .  . . . .  , , , , ~ . . ~  . . . . . . .  .~=+, o Y o u  ,,~...~h,~ s . 6 ,  

Bait~ore?" You never get ~ ~ ~n~o yo~r car but what distancc counts. 
Subconsciously ycu measure the heizht of a step before you take it. 
Either that or you fall flat on your .... ~.. ~.~,c~..~ T h e n ,  t o o ,  . . . . . . . .  " . . . .  l ~ t  ~- 

at ni~ht_ ~md perhaps early in the morning "...,re ~._~ .... ~ ~mb!e to ~-~, ;.,.,_,u~ ..... ,, 
accurately. ~fnen you ~k~ ..... .your car, you., sidle ~. and. b~ck Lr=. You 
% ~ " " ~ - ~ ~ t - ~ ,  ~ 0  ~,'c.v,~ to m o a s t ~ e  %he  c l s ~ L ~ n c ~ , ,  T h e n  2-ou  .,_col "~" ~, ~, %he meter 
measure the +~-~.~..," It just goes on all day long from the .:,_nu~ ¢~.~ you get 
u~._ Historically, measurement ~,.,,.~+'~~--~o ~,~ w h e n  prehistoric man said, ,,T_ 
w.~nt another one like %ha%." The minute you wsmt some form of du:plica- 
"bion~ ~.~ou must h~.ve some form., o£ ne~..ur-~ s ~nt. 

~ the hen or the e~- I have never I do not know which came ~_rst, -oo, 
found out. i am not cert,zin, in rego.rd to industrial progress~ whether 
meas~em~n% nreceded procress or c~mc afte~:~mrd. But one thing is 

4- O absolutely certain: As wc have made zndust~ ........ progress, .h~ ,ability 
to measure bettor has tied right in with it l~ee a Siamese twin. Fresently~ 
I would say the race is a tie° We are developing in meast~memOnt an 
ability to neast~e readily to a millionth oart of an inch'and~ if you 
r,nnt, to billionths of an Lnche So far as I am conccrned~ production 
people talk :~.bout i$ but they are not ready to go yet to a millionth of 
an inch° So, generally speaking~ we ar~ a step or two ahead, 

I might bring this question of measurement out of histo~r~ " 

There ~;ms a time~ Ln %he days of King Henry~ when the ~mnit o£ me='.surcmen%, 
or distance, was from one's nose %o the end of his finger tips. That 
v:as the yard. They took si~<to::n £e]_!ows and stood them foot to footo 
That ..~:.de the rod. I suppose from that also cane the t~foot. '' 

I ~ims reading just Is.st night that in ~vitzerland~ ' w a y  back~ 
they measured property b~ havins a man go to the roof of his house or 
barn and throw out a sc~,%ho or sickle. ]~herever it l~nded and stuck 
that was as far as his chickens could travel, If the chickens went 
beyond that poJ_nt, %hey belonged to his neighbor~ That T,-as the vray they 
measured in Switzerland, 

Out of the old Anglo-Saxon c.nme the term "uncio.," =lich ::;as their 
word for tbmmbnai!. "Uncia" has become the inch in the = - ~  sys%,em° 
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Then we have the barleycorn° That v~s a form o£ measurement, 
no less. It is still used in the shoe industry for making certain 
measurements. 

The French and some of the otherE~mopeans were a little wiser. 
They took the circumference of the earth, divided it by th:hrty mN.llion, 
or some such partition as that, and got meters° Then they :,rere ~:¢ise 
enough to divide the meters into a nu~ndred parts and ~o- "~o t h e  centim.eter. 
They divided that still further into ten parts and got the mi!l.~.eter. 
They multiplied the meter by a thousand and got the _~__om.~"-~l ~'+.~,~r. ~,'~e, v;~tn: ' 
our English heritage, know s~d!ar divisions as inch, foot:, and yard. 

From your point of view, probably the most interesting history is 
that of Eli ?,~.itney, who found an arrangement for having one man make one 
part of a musket and another ~mn m;%ke another part of the musket° Then 
finally a fifth or sixth man out them together. The Revo!utiona-~£ i?ar 
soldiers were very fond of those muskets because when they broke one of 
their o~m all they had to do ";,u%s take a musket o££ a dead zmn, extract 
the part they needed, put it on and eve~fthing was all rig?:to ~zter- 
changeability started then. [~ss production started then. 

vfnitney discovered he had to have some gages so that the men 
would make parts o£ a certain size, and make them int~'rchangsable, 
Industry/ copied ~A~itney's mass-production idea. They also copied his 
gages. But, to a considerable degree, those are still unchanged. The 
Revolutiona~g V!hr gages were no better than the one that Eli ~7~it.ney 
devised~ 19hen.you ~;ralk through the most modern plant today you still 
see that t~qDe of gaging. Yet~ there are so many better t~7)es that can 
be had. I v.dll demonstrate that in a minute. 

Let us brLng this historical business home. I was at the 
Waterv!iet Arsenal a short while ago. If you ever visit th:,-re you ~II 
see a ~ glass case containing somc't&ing that looks like term_is rackets~ 
Those, gentlemen, are gages to be used in measuring carmonballs~ ~Te have 
a l e t t e r  d a t e d  1~o2 i n d i o a t i n K  t h a t  t h e  A r s . ~ n a !  o.u ~na~, t i m e  ",var_,tod two  
t~ousand of the ten-inch size. They were to be held to " ~- oe ¢,vecn 9.$4 and 
9.9 inches. These were %he gages that were to be used. They ~.;ere just 
wooden-frame pieces with hol~s ~u them. 

I~. ~ you go do~:m to thG Frankford Arsens.l, ~.d~ioh is very modern, 
you will sti!~ see some little pieces of steel with hol~s herod in them~ 
In almost a hundred years now, there has been no change, ho-.;e~er, they 

-'J- ~ J - . L  - ~ , ~  are getting a lJ.ut_e beuuu.. Perhaps that is one of the rca:3ons T ~n 
here this morning. 

I go into some of these'modern plants and see their ultra-modern 
reception'rooms, parquet floors, conveyers, the latest in automatic 
m~ch~ery, cve~-thing right up to the minute out to ~h~ ~ shionir~,.~ ~_~.~ aoor. 
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I was in a plant a short ~&ile ago ~,;herc they didn't have a winder;. 
Even the air was controlled. I don~t !~o~ but ~,hst their thi~Lng was 
controllcd also. But they had some of this traditional ,~,o" s~.~n~ s biT 
out on their machines. It made me thi~< of gcttin~o: into a 1949 Cadiila% 
driving uo in ~- duster, cap, goggles, ~nd things of that nattU~Co It is 
sort of an anachronism. 

I used to ova a Roe'car that would do f:/%y miles an hour. It 
lasted fifty thousand:ti!os. If I buy n c.?.r tociay it r:mst be good for a 
hun~-ed miles an houro It must last at ]_cast a hm~.dr..-,d thousand miles. " 
In the days of ~ Roe, a two-thous:~ndths to!cr.unce v.ms a v,,onderful thing, 
they thought. Today, tv~o-tsnths is big. 

I was in a plant inIndiana a short while ago veher<0 they ~ere 
grinding diesel crankshafts, or attempting to do so. The~rmre holding 
them to a fifteen ,millionth tolerance. The difference is wear. ~u 
order to r~.nufacture to that precision, gases had to be able to measure 
better. 

Now I know of s textile concern in Near Enz!and ofv~hich it is 
said eve~# once in awhile, "is that shop up there still letting the 
paint run into the holes in order to get ~ better fit?" You cannot 
manufacture, that way 

In tea industrial pictu~e during the w<r, you, or others like 
you, were responsible for a lot of our trouble. T!-e magaz~_nes throughout 
the count_~y vrere given the sto~j of the Norden bomb,~ight. You glamorized 
pin-point bombing. Because of the fact that these things were made in 
mass production at tolerances of a tenth, what happe:tc, d? The fellow r.,'ho 
was buying a pencil v~ould pick it t'~D, pay the clerk, ~o.]/< out of the 
store and not think much about ito Even you tod.,s.y~ if you buy a pencil 
like this (indicating), v:ould' pick it up an~ probably lock in it to 
observe the vrorPa~nnship of the thiug. The public is no~:. ~ in the ha,.bit of 
looking for precision. From the coztmercial an..xie, that of.[tots us a 
great deal,~both in measuring and in m~.nufacturing, 

Nov,: the modern ~..,ay,'- ao~oarentl~ ~ , .  _ o," ~~.,or~,.mn~-" ~ up ..~. job is t ~,,. 
engineer ito The oroduct~ -is desz~ncco" " ~ot~" only is the" ..~roduct ~" .... ~nu~ "-~ 
but the process, the type of machine to be used is'selected; also the 
type of tooling. The method of ho.nd!~g thegoods, the conveyer s~rstem, 
the lighting~-evcr~hing is planned~ order3d~ ~:~ o!ant, or %he section 
of the plant, t~,.st is ~oing %o make this !ittlc p~.rt ~.s set up® Small 
oiler lots are s.tarted s.!c,ng~ The .... o ooc,,..~.or has bacon trained. Even the 
time and methods boys ha~e g~ott.en Out their ~te~ -.,,.'atchcs and have set o 

,f. 

...... ~h._ firs% for: pieces. Then some- standard or an incentiveo Out d~bb~( ...... 
' ~ aren't exactly ri~ht. 30 the.) ~ consul% t~c body stops the thing. They ~ 

blueprints. The~ they commence tO look around ~~ ~-'-~' • _.o. som.~L~ng with ~;d~ich 
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to measure, in the average plant, "somethJ~.g to recast<re with" is 
usually this (indicatLng). It is as com~c.or~ c.s the a~ that you breathe, 
All you have %o do in the ordin<~" shop iS just look around for a 
micrometer, or somethLng. 

In the early part of the w~.~.r i was in the Denver or(~.az_ce pl<mt 
under an emo.ctly s~nilar situation. ~:e day vre had %o walk nec~rl:!: a 
mile..(the length of tim% plant) over to the tool shot, to fh:~d a 9~t~_~ o£ 
micrometers. Those fe!lo<:s out there just nat~m~lly didnlt hhve %he<~.. 
You run into that situation even todays not hating it right at hand 
just at the minute you need it in order to measure results adsquate]o~. 

~ost of the more modern products are very J~tricate ~ design. 
Now will that give you the ansvrer you need? Is it ri[.~ht? Does it 
~.etch the blueprint? An instrument like the mier:;mctor may not be 
sufficient or adequate. Some products arc so intricate you need a 
special form of g~.ge 5sm~ediatc!y in order to check them. 

V~at I am trying to suggest cut of that story is that when a 
product is designed, whe~= the proc~;ss, the ~chinin~~, and ew~:-'ythi~g is 
worked out, right then is the time to design the g,~.g_4m~ materials to bm 
uscd; the mcthods that are tobe used to ch~ck the cc~.~fcrrmnce of that 
product %o the specifications. Inspectors and ga~l;c cnzinocrs can read 
blueprints. ~Te do not have to wait ~mtil you have made a par%. :To can 
design the gage. We can cocoon the gage and put it aside u~%il you are 
ready for ! it. That is one thing that I vrould like to throw heavily .into 
the minds of some of you.. I hope some day it ~;il.l come out of t]:s files 
when you have some industrial prc.hlcm to solve. 

I~ next point" is that you plan yo1~r ~a~es for the opmrato~' and 
not for the inspector~ the cnzLneor, or anybody elseo In arx ~Tdus-DrLnl 
plant, gentlemen, or any industrial companj ., tkore are e~::ly ±we men who 
count : One is the operator ~,..'ho. :mlems %he stuff, and the other is the 
salesr~mn who soils it. Evor%°body else in that plant is either h service 
to one or the other of those two, or else he isa par,'~.si%e. 

So, ~-~ p!~r~ing yotm ~ages , pl~n the outfit £or the operator. 
Work it so that'he can soe'whr, t b.e is doLn S. ~,[ake the others usa it. 
In our plant at Providence,-.~ust to give you ~n examp!e~ e-.r in tl%oplaht 
where I was in Dervor, the cagi~g outfit was designed for the operator. 
He had it on his bench. I£ the inspector ~mnt.~d to kno~:r someth~c about 
the product, he came and used the operator's layout. Ho did not have 
something ~pecial. 

I yes ~n a plant in B~,.~£~_o where th<0y -./ere maki~_~ some stoerim_g 
knuckle bolts.. 15 ~-hs a @rindin{~ process° The fellcc;s at the :~;~c};in<'s 
wore equipped v,i%L f~r,:~:es," After %,hey made a tb.ousm.nd or so c da3z, a 
tote box was taken ,lcm?~ to an ir_.spoctoris crib~ perhaps a quarter of a 
mile away~ and there the inspecborsi equipped <'ith t]-s~so el-oc%rical 
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inst~mments, -~.ou!d make measurements J_n millionths, hew I don't kno~; 
whether you have ever seen an inspector v.'ork~mc ~,~-th , ~ .n  c!ectrical 
gc.ge, but he can actually measure ,u zephyr. Wc~.l, along about tiu~ee or 
four days later, back to the operators of the machines ~:;ould come a re- 
port to the effect that on such and such a day there was 8 percent scrap, 
or something like that. 

So what did we do in that plant? "'".re made arrangements--we rigged 
it uo with the union, the time department, and everj~hfng else--~;hereby 
that operator, any time he could make one piece tb~.t in his opinion ~.:~'as 
perfect, could go dovm and use that electrical gage. ~',~en he u-as satis- 
fied he had ~ piece that ~:,~as right on the mean then we supplied h~ ~. ~,.ith 
a little indicating gage. He set that gage to that piece. He zeroed it 
to those parts. From then on as he ground pieces he snapped the gage on 
the pieces he made. 

Do you get the psychology of that, gentlemen? He was responsible 
from start to finish. He made his o~.-n nmster. He set his ovm gage. 

One hundred percent inspection is the bunk. I used to say i00 per 
cent inspection was about 80 percent accurate. ! have now revised that 
figure, after making a study of s.irplanc engine factories in Connecticut, 
to 68 p@rcent. If you have a hundred pieces among ten thousand that are 
out of tolerance, and you turn those ten thous,?nd pieces over to an 
inspector, the inspector will probab~.c,¢ c~tch sixty-eight of the hundred 
pieces. The other t}i~rty-two will get by. If you have the lot refi~nspecte 
of those thirty-two they will get about 54 percent. Thatls fifteen 
pieces. Then if you again hawj the rema~_uder reinspected, they V~5.11 get 
something like 34 percent, and so on. The thing never reaches zero no 
matter ho~'.~ many times it is inspected. 

It is better to prevent th,:-.n it is to correct. Your only solution 
is to make them right, and the only man v~c can mak,'~ them ri]-~ht :is the 
operator. But he needs the equipment• to see ~.~hat hc has done. 

Here is-another cor,~nercial or 5ndustrial poller, ~ a shop where 
• they are bor~mg, they have a little toolroom plug gs.~e. "~'~ney~ shove it in 
the hole to see if it fits or not. That costs about ,~I0, maybe ,,u>. You 
have ten machines using ~50 or ~I00 :vorth of traditional gages. So we 
go in v<th one of our s~.all-bore gages. IVet[! shou~ it %0 them. Theyfll 
say, "Oh, no; we ¢antt afford that." But the old ~_ad,t~on<.l gage is 
costing them money, gentlemen. ~ they out in the ne~7 ~ . s~ge, they will 
make money by the reduction and prevention of scrap and rev:ork. ~e have 
been able to prove that point over and over again. Ln other words, our 
statement is that if a gage doesn't DaY for itself in a period from six 
months to a year, or less, don~t buy it. The only place where price is 
a consideration is in the competitive situation, -~phcre for the same 
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equipments' somebo¢~ v~ill have a l~.:,~er price than somebody- else. But 
don~t say, and don't thir~, that the gage costs arything. It begins to 
cost when it does you no good. . : 

Coming baik to this: They have been using the o'id traditioiSal ......: ~ 
gage in this particular operation and their scrap and re,york is sor,~etimes 
5, IO, or 15 percent. They put the new gage in the hands of an operator 
and scrap goes do, in to three~ tyro and one percent. For each of the 
traditional gages they made they might as well have tossed the ~5 out the 
~vindov,,. They did nothing. They m~de no change in the situation. 

(Z~. Kennedy proceeded to the blackboard. ) 

Here is a little piece of economics that you may be interested 
~_u--I hope. In this oarticu!ar plant, the cost department had ntm~er0us 
breaking points v;here it got the inventory value of the goods produced 
every ~,~eek,, This study happened to'be taken from a scrmv-mach~e depart- 
ment. In that ~,'eek it produced ~14~0OO werth of items in that condition. 
That included the overhead and ever~,-thing else. The" cost department 
officials arranged also to get the value, in dollars, of the scrap made 
that v:eek on the re~:,rork operations or salvage operations. They charged 
up the value of any equipment bought in that department in order to 
secure conformance, like gages, nevJ' chucks, n~v tools~an~%hing that was 
designed to make a bettor product. Incidentally, they amortized that 
figure on a 25-~veek basis. They also got the inspection pay roll and all 
of that added up to a total. They ratioed that total in dollars against 
the goods r..adee At the time this thing started, that ratic ~.,'as sixteen 
cents. A few weeks later it was nine cents. Six vreeks later it had gone 
do~m to six cents. The last time I say: them they were shooting for three 
cents on the dollar, M.~ich is a re.v~rkable record. 

Nosy ,;,'by? They said t6 their people~ "lrou can increase the in- 
spection pay roll if you ~,,.-~sh. You can increase this if ycu 7:ish, 
provided in so doing you decrease this (indicating)and end up ~..ith a 
deorease in that (indicating). They b~.ve them _].exib.Llm~ in that 
department to do things which ~..ould bring about a ~eduction here (indicat- 
ing), and then, adding the v.~hole business togokher, a reduction there 
(. ,. ,, • 

l can ~ake this clearer, gentlemen, by Saying'%o ycu tha+. h-:hen 
management freezes those t-,'to items there (indicating), 7~hen management 
says, "Not one co~.t for .~mspection. You can't buy ar~/ more equipment"-- 
~',~hen management freezes those tyro things thez; automatically freeze scrao 
.and re~:ork, 

There is another little story % D ~ t  goes ~] ~ ~ - ' . ' i t h  ~'~" • ~_~._o~l 6 ~,~,:.t. ..rms.c!.e i n  
this same plant, ~;.hich has to do -c,ith the. subject in a ~';ay. Z t  costs. 
money to produce better quality. This one curve, zre w~]~3 ..~'a~'.~, o~art~ at 
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about 50 percent scrap and reworko The scrap and rework will .gradual].~ ~ 
~e reduced toward zero° The c0s~ of .... 590ducLng %hat reGuc~_on" ~ L~ ...... ~ 
c~rv~ has a tender:c ~,~ to run ~ ......... '-'~" 

- - ~  - ~ "  t h e  the "~.verase ._~_~ . . . .  , and in average de<~r-5{i:ent, -She optimum po!:qt is 
a two -oercent. scrap and rework-loss. Snpposj~ng it ",':as insisted =,~o~.o not 
more than one percent :;as to be alio:%ed, and supposing the one nercent 
figure occurred %here (indicating)~ You can see from +"-~ ...... s chart the 

. J. 

great cost involved in obtaining one oerceno as compared %o ~~o n ..... ~+. 

i am sL~..ply •t}mo,-;in~ this out as .philosophy, gentlemen. The cost 
of getting ~ ~ "~- - qu~m~ mk~st be evaluated ags_~st the value of quelity if i ~y 
nut it that way. Is it worth it to have, or attempt to have~ a perfect 

• ' r  ~ °J- . ~ '  1 product? Or can --~,ou n~.~e a ±m~t_'.e loss that ~'~a~ ~.. . Tnen~ going the ~*:-~.~,~ 
~'my, are you having %oo m~ch? Those are just two little economic %;~-~...ug~.h~o~ 
* ' ~  ' u ~  o'.,, a t  y o u ~  ~.a~ i w a n t e d  t o  ~ ' ~ - - -  

Y,q%i!e i am hers a% the blackboard, I v,~nt to speak about i.ndicat- 
ing gages~ I bare already mentioned the uZLamo situation. I have 
a l r e a d y  * " ~ ~ men~!on~u the importance of getting into the ol',era-bor:s hand the 
g~ge., he can use. Now a psychologist tried this erper~uent. He ~,-~,~-~'~a~:_.~,~,._~ 
a man and, ke.~ng him blJ_ndfo]_ded, told h i m  to draw a four-inch m L n e ~  

Then he removed the blind_fold and asked him to draw another four-Lnch lineo 
H e  kept up that procedure for about six times. Then he removed the man~s 
blindfold and !e% ~-im look a% what he had drP~/,~. He else ie% hJ.m look at 
a ruler. ~h~n he put the blJ.ndfold back on him and h~.d him draw % four- 
inch line within a certain tolerance° ~ ~- taking ~ne biLqdfo!d off and 
putt!ag it on soy.era! times the man drew a line that ,,'.~as four and @.n 
eighth inches longo 

You see, we put blinders on our average ooeratbrs, iVe don:t give 
~ -  " " " " " i a ,  ' ~  i t ~ _ i % K  +~'~ them som~hmng ,::here they can see ~,;'here t ! : , e 2  c . r e  6 ~  ~, '-~ " ~t 

little test is perhaps one of the principal ar~mncnts .,for get.ring sm~y 
from the Eli 7J~itney type of :gage and get%ing over more:into the indicating 
type of gage. 

I remember one plant where ",;e had one of the indicatihg ttno_es 
of gages. (Any cue of them here will do as an experLment, ) The operator 
had it for a few days. It had not been bought, I% was necessar~g for us 
to take it away from him.; ?~%en we picked up the gage and started off the 
operator said, "Say, Bud, where are Zou going ':dth that gage?" Wc!I~ we 
tried to explsJ~ the situatioho ";/e told b . i m  it had not been bought; 
that it was just on tricl. He shook his head and said~ "You've got to 
give me either that g~ge~. • or its eauiva!cnt, or something else." He made 
a groat issue of it. Needless to star the ~"~,e st ~,~,~-~ 

Then we asked him why he wanted to keep it. ~,'e said~ "You've 
always had something else here for all %h~:se years." }!e said~ "Were you 
evc.r driving at'night , ' had • an~ your lights go out all of a sudden? ?~nat 
did you do? You stopped--sure. Tie!!, i~ve Io.oen bl~nud all those years° 
N~'.,- I can see -:..hat I~m doing." 
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Then there is another thing that happens ~.~.ny ttucs in a shop, 
csoecially', on scre~~ machines. You --4,, _. ~ see an ~o~+~.~ ~, ~ ~.~u~.,~a~ -' .... ~ u'ith 
s~:, eight, or ton dififorent gazcs~ He-::il! have t]~o or t~hrce sizes-- 
snap gages, air ~..~..~,,~.~.~ a ~air. of "mikes," znybe a plug or tv..~o, nayte a 
vernier ca!iocr~ T ;~'~ " " ..~j -.will be on .urns b6nch° Off comes the emcee from 
the scre:.~ ~chine. ~."e r~achcz _.o. ~ ~ th-;So Ha reaches for that~ He 
finally reaches for ~ ~-'-,-:~ " oo,..~uh ..... ~ c].se~ ~hybc he gets tmrc~ and "-~ 
a chance. So v~e a r e  trying to urge on industry~ and. ~,~e hrc +~-4~.,, *n.s" %o have 
available~, gages arranged so t.~t you cc.n take the piece and co.~:,plete 
the measurement of it in one motion rather than to be bothered with all 
the other gag,~s,: 

(I~. Ke~ne.~ oickcd up one of his exhibits ~ ) i ~'~-J.!! "~--~.~.v,.- to 
hold this a little on end© But this is a four-dimensional oiece, ~- 
cluding diameters, concentricities~ and lengths° The fello~'. .~ gets a job 
done ~.n one motion~ He will measure under those circ~v.stances and he 
will knor~ rAmt he is doing and you v.on't have to have that inspection 
crib dovn there. 

Nov~- let me talk for a second or t]~;o about quality. Basically, 
that is W-hat we are interested in. You know a design is right~ You know 
if it is made that way the thing is going to function. Sot.cone :yes toll- 
ing me just the other day he thought a mistake had been m2~dc on some of 
this atmospheric v:ork vfnere a little error of a fc~,r mil!ior.ths of an inch 
".~as bei~ng a!iowed~ They figured J.t out that by the time i± got ha!f~.:ay 
around the world it r;o's~d be tv~o or three -~inutes out of iis co~rse~ 
Tb~ey v~ondercd if they could ~et closer than that. The design of tD~ thing 
was right° The question ~c.s ~'~hether v~-e could hold it to those millionths. 
That goes all the way tl'mough any production° 

Suppose some t~c in ~hc future ,,ou st ...... some Lnd.ustrial plant, 
as probably so~e of yo~,., v~il!~4[.here it Is" putting Out some product in 
which you are interested. You kr.o~,. ~ from reports you havc ~c~_~ ~,~t 
the p~oduct is no good, Peri%~ps part of your proo,_em is tc decide 
whether you are going to kcep ~L~<.t uL..n~ on %he roster, or ~vhethcr you 
are going to kick it out and take on another. But you - ...... to .... n~. give that 
plant another trial° You-~~ant to give it another chance. 

J 

So far as co~iormance iS conccrntd in gaging, quality, and things 
of that nature, the prime thing, I thirl<, is to do sone'bh.~Lg about it. 
it isnlt sufficient to sit at the desk and-dictate a letter.' ~ which you 
say ~e m~,~st haw~ this or v~e must nave ~nat. it zsn~.t sufficient to sit 
there and ~2ound the desk and just talk about it. Do so~.0thin~ about it .' 
All I am urginz you to do~ if you have a qu~,iity problem, is %c get your 
coat off and see that the thing is clinched° 

! '; .- ~ ,  ~: ! ,7 ~ ! :~ ~' : ~ ,' i~ ' 



~T-. il ........... . ..... ~ 7-- 

N o w  you have the j o b  running with this toolroom gage of ,::hich 
I spoke. You are having sometroubie~ You po~und on your desk~ You 
issue all kinds of directives. That v:on~t help. I can tell you .ri.~ht 
no~'~" thi~ blooming gage is burred on the edge° It wouldn't measure r, ithin 
five one-thousandths correctly° (i picked it up from a mzchine ~n that 
condition,) All ri~ht~ o . . - .  " - ~  :j, lO ,. o~'ooos~g ~i~ou v-ent to that job. For on._~ 
more youcould supply this gage r.mde by Taft-Peirce. You notice these 
little things here (indicating). Uell, if %he fit is tight, it~sa heck 
of a job to get a plug ~'-,~. do-:,~ there. They usually use it as a reamer, 
~.yway, Taft-Peirce got out this ball thing and the bloond_ug th:~ng 
drops right in. The operator can use it easily. 

But there (indicating) is something nev~--Norbide. Hey: many times 
will you gage with this before it is worn? Give me a ~uick ansv:er--even 
a quick guess. 

(From the audience): C~ce. 

I,:~. ~]¢?~DY: Good. That:s exceptionally good, It is one time, 
You never ]mo::,.r %:hether this thing is right or -¢~rong, This (indicating) 
thing here ",:.fill gage a ~m%dred thousand times wJ.%hout any wear° T]~t is 
the Norbide~ It's worth a fe~7 dollars extra~ But, if you drop this thing, 
it will shatter. Then you have to buy a nev: one, in Denver, where I ~:as, 
v r e  had glass gages~ ifnen they first came out, I went out there and 
talked to the people at the machines. I said~ "This is a glass gage° 
We:re having a little trouble getting <~ag~s. Take extra precaution ~:~hen 
you use this. Don:% drop it.' " ,By golly, r~b.en I r~-cnt out next morning 
those fe!lov~s ~::ere gaging for a change ins-read of rearming a hole :as they 
did before. 

1_,~aots ~:hat I am after So, gentlemen, do something about it. ~ ' ~  ~ 

I can give you ahother illustration. .T'~e'make micrometers. But 
here isa little shop cr~;~ v:._th so many maehihes, They can turn out, sat ~, 
fovr hundred an hour. I mmsh~ tell you gentlemen so far as I am 0oncerned 

" ~°~ a~ job. 99 percent of the fel!or.Ts I see on ~he machmnes "::ant to do a u~, 
Ninety-nine percent of them are dis~isted, either consciously or u_ncon- 

-~ ~ ~ac~ that they are forced to do shoddy work. scious]_y~ ~;_tn the -r ~. 

Uell, this feller: has a little conscience. Tneo~ pieces are po~ ~- 
ing off. I{e grabs one. He has to get his "mJ/~,e '' on this shoulder. : Then 
he has to got it up here (indicating). "If he is l~<e me, he has to iook 
at it r~ith bifocals in order %o read it~ He rolls it on his arm and gets 
it all full of hairs, v:hich•doesn~t help any. All the t~.,e he is stand- 
ing or leaning a little bit re,yard. The biggest muscle in th.0 body 
becomes most tired. 

I0 

,-~ ~ :--~ r-rf-,.t r--'". ~ ~-f'-~Z -~r" "-f~. 
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- All right; letts do something about it. As it. is, he certainly 
isn't going to be able to measure ~z.ny pieces,, Let's give him a clicker 
like this (indicating). Anybody can re~,d a clock. You learn ~o read a 
clock when you a~e very young. (Holding u~ gage,) Here is one dimension; 
there's the second one~ there's the third one~ there's the fcurth cne. 
i]ill he C~t it right? The clicker is probably ~50 more than the micro- 
-aeter, in some plants you v~-ould think you were asking them to buy the 
Empire State Building .'_f you suggested tb~t they install the clicker. 

There is one more little point in this backgrocmd: Don't let 
them put a gage on a job v~'ith, ~vhat ~'~e call, too fine a discri~/nation. 
That is an insvector's trick. Your tolerance is plus or minus five 
one-thousandths~ ~ An inspector will stick a gage on that ~-~ill measure a 
tenth every time, ~,,hen all you need is a gage witha tolerance of a 
thousandth. If you have a tolerance of t'.vo-tenths, then you ~u~nt the 
equipment that ~;;ill measure" dovm there. If you put the gage for a tenth 
on a plus-or-minus-five job, that brinzs it do~~m to a discrimination that 
is not necessary. So let's have the ga~e within the field :,;her~ it belongs 
and not foll~'~" the nattu'al hummn tendency of gettLng it too fine. 

So, gcnt!emen, starting with ~ust plain, elsmentary measurement, 
let's proceed step by step and work up through these gadgets hero 
(pointing to the items assembled), i hope some of these things will v;ork. 

First of all, I must apologize, i thirl~ ~robably ~vith.-U~ this 
unree-v~:cek period v,,e have a sho~; for you fellov,'s in Texas. Tee have 

another onG out at St. Louis University. Then this one hez e this morning. 
• 'I am due ~ Pittsburgh, at Westingi~ouse, tomorrov;. There is another one 

in Connecticut; also a .~th one. I donlt think ~,~e have a gage left in 
Providence. I ~¢asntt able to ship here some of the things I had hoped 

, ~ h c ,  u ~ v e  ~l~.Ve. I could. But ~ve will do our best with . . . .  ' ' ~  

L'o ~,;ill start ",;ith t_his very elementary form of me~.suremcnt, namely, 
the steel rule. :~-~ gentlemen, is a simple steel rule. You 1 -~v it on ~-~ ~, ~ 

. . . .  ~ ' "  for your ~ ' ~ ; ~ , ~ - ~  Before proceeding, I . . . . .  ;%, thc piece on v;hlcn you are . ~ . ' ~ - ~ . o °  

• notes~ to ma~:c this reference: Don~t let ans~bod~ ~ measure ('.loser than a 
sLxty-fourth of an inch (fifteen one-thousandths) v ~ ' i ' h h  a steel rule= They 
~vill tell you they can, and some old-time mechanics can get do~a~ to tyro or 
three one-thousandths. But you never kno~v th~ day ~;:hen they are going to 
slip over the line. 

L~t's establish this thing at about fifteen one-thousandths, For 
rough castings and tn~uk~s ~ . . , ~ ,  nature, there is n o  need of buying any- 
thing more expensive, or an~thing better or different. 

e~ next t,:mng is ~ ..... ~" , ~,.e fact ~nat a Frencb~.mm by the name of Pierre 
Vernier tool~-, the ste,sl rule and ~.~no..c~ ~. !it%!e syste,', o~. dividin~ up 
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the scale so that you can read directly _~nd readily to a thousandth of an 
inch~ e~d°~r~ ~ ,_,~, we have ~.,'~.a% we call vernier equipment. We can measure 
strain:b% ],~-~es and v:<~ can measure ~,n,,].e~ "' vernier .-b~ 

~housa:~_c~Lns of an ".~ Don't expect it to do ar~j-bette~-. is good up to . . . .  ~ ' "  

You v:i!i see some shops v-h~.~ the~,: - " : ~  ~J to noas~n~e a tenth or t',;o. 
• ne2 will tell you it is all right. It's a question v~d%cther to believe 
them or the old " ~ ' ~ , ~ ' " "  o . . . .  .~o SOT horeo 

0£ cmu~sc the most cc~cn and useful thing in the measurement 
world is the .micrometer, using %he idea of' forty ...... ~nr~,.a~- to *"~:~e incho 
Tb~,t is tc s a y ,  when you make one turn 5~ou have advanct:d a n  ~.nv.-.',_l o, 
fortieth of an J m c h o  B[¢ subdivid'r~g the barrel into twenty-five parts-- 
one t~renty-fifth times one-fortieth is one-thousandth. So if you move 
unit only one of those graduatiens :rou have closed this gap a thousandth 
of an incho 

~- means o£ a vernier device you can reduce t]-at to a tenth~ 
People will say that yeu can measure to a tenth o£ =,. thousandth of an 
inch with the ordinary mmcrometer. T_~ old r.refessor s~ys that you cannot. 
Don't expect micrometer rcadings closer than two-tenths,, h~ the f~_rst 
place, i£ I me~;sure a picce with this, to a tenth, we will be off a tenth 
or tv,.-o dependin[- on the ame~mt of muscle you put o~. the scrc~.v. You should 
have seen some of these western ranchers ~,fnen they wcrc making some 
• neasurementso In some cases they went over a range of five one-thousandths 
of an inch~ 

Let me tell you some o£ the limitations on that~ E~.em you are 
measuring closer tb~n two-tenths oZ a thousandth of an inch one ra2~nipn!a- 
tion o£ the im..str~ment you are using will r~mke more errors than the 
instrmnen% itself willo Then you have dust, d~mt, and temperature, which 
are L~ediately effective v$_en you get ~n~er half a t~.ousandtn. So let's 
remc.r.~ber there are limitations as to what we can and can't do., 

This has to sound a little like a cormercial plug. There 
(indicating) is an J.naxc~,,~:~ ha~-oen to have the aexss 
~mtents in this cometic-. The European patents are used by other rmnu- 
facturers. ',Then you put a spri~<g loaded device on the micrometer and an 
indicator you can m~asurc to half a %housandth~ Your i~udicator om~oands 
the readings so that you can read them rcadi!y. But you rmst not forget 
temperat~res. I h~ve a!rca~y ~ e ~  the reading o£ ~ ",~ " ' - '  . . . . .  o ~ - ' ~  ~h~, ~ micrometer 
about a tenth simply by o ~ r ~ b b i n ~ . ~  o it. 

Another thing: ~ost pcoole, in using a~j %yce o£ ~*'~ try %o 
make the gage read what they ..... ,.,,nu~ it to read. No~m..::al!y~ one clamns_ the 
piece) unconscieusly--and ix so doing changes its reading by ' 
thousandth--either because he is trying to make it read a certain thing 

~.% • :. . . or he is just nat~-a!!y cla,.ipmne~ it. 
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One of the most difficult lessons to learn is to le'~ the o~oe~,~' do 
its ot~..~ -~'~ork. If I could get all of you to finger this iit~le g~.ge, ~nd 
then h~.ve you me.".sure that piece, you would find yourself off by several 
thousandths, s£~..ply by unconsciously clamping the piece. If you will let 
the gr.~e do the job, you-.~ill get the correct measurement. 

The next step in "this prcccdurc is this type of g~'gc, know ~s 
the conventional type, snap or plug. You hear people say, :~ond they 
c!aJ_~, over and ovcr again, it v:ili held a ~:casurement do-,'m, to tv~e-tenths 
of a thousandth. The old professor says it won't. You h;~vc terpcr~ture 
andyou h~ve "~vear constcnt.iy in this t~'o~ ± e~ o You may s~.y ri~,l~t~.~ off t~-~s 
b-at, "Yes, you ha.re ",.-ear -,vith this" (gudicating). But on this t~pe 
(irdicating) of gage, the indicator sho~:.~s the v:ear right off, You do 

~w~ anything telling you here (indicating), unless you c~n .~oo~ ' at 
it or feel with your teeth and see t,.~hat thc wear is. 

I have here some pieces I n~,de up for the Westinghousc crc,,..-d 
tomorro~7. They all fit this snap gage. None of them are to() snail and 
none of them, apparent!y, too" big. The question v-e are going to propose 
to those students tomorroT~ is, "T~ith these piec,~s com-'.ng from "the r.~.chine, 
and using this ga.ze, v~hen ~,,ill you shut dovm the machine?" 

In this i~rticular case, the ope.-ator di<nlt stop his ma.chinc 
and he got cut-of-tolerance v,rcrk. By using the indic[-tin 6 t~qc~c of gaze, 
as he put in one piece at < tiz.~e, his indicator moved up~ Inside half an 
hour it had gone up nearl~ a thousand fron~ the size he had half an hour 
ago. He could see v;-liere he ~Jas going ~Tith them, He could see he r.as 
near to the line. Wen hc rgot to this size (indicating), he changed his 
~.zachine in time and brought it back to the lov~ size. 

Follov¢ing the thought I just had, when you ~et the indicating 
equipment you can measure to a tenth of a thousandth,--that is, ordinary 
mech<;nical indicating equipment, provided ~-eu do not clamp the work'-- 
that error can ab:ravs be" presczqt~ and provided ~c]u do not ]<.~_ve dust, dirt, 
and tcm~Dcr<:~cure. V.te try, in our dcsigrm, to overcome the c:ffects of 
tcmper:-~ure and ~Tear. ~Vc also try tc overcome the effects of clamping. 

:l he ~o2cI sho-,ved you (indicz;ti.ug) offsets all th::.se th.4_ugs I 
just spoke about. All ycu have to do is ~rop in'the piece, if you are 
going to get c_ioser than a tenth of a thousandth, get scmethinz else 
besides mecl:a~-~.c?l indic:.'.ti_ng equipment~ Oh, you -.ill be told you can 
work to closer %ham a tenth -,.-ith indicating equip~uent~ Agajm. , I woulch~'t 
believe ire ! u~ould get someth%ng else. 

Indicators "~,;i!! vary in size from Little Davi~ here k~ndlcatmng,) 
to Goliath, there (indicating). They came all the ~m~ in bct"~veen. You 
see some samples herd® Sonetk~_cs the opQi-ator needs to lock a little 
closer than a s_~:'.ll indicator will permit, Sometimes .you have only a 
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small amo~mt of space to stick Jm one. C~ the other hand, mz you have 
• . ~ :  . . . .  ~ F '  + , h e  ' "  ~ -  s the room for this~ g!ve him a big one~, It aor:t Of o.~o..,,~ .. ~men-._un . 

So you see~ gent].emen, you can have a!l s.orts of' sizes: in tha.t. 

.... ~ ~.,a ~ mt in my hand~ is a caliper ne_,~ (indicating), as long as I ~, ,= " 

v,-i%h an indicator on ire ~%]qere you must cali<oer ~ "- h" ~ - ~cmet,_~o, you can get 
m~c:~ more acchr,.:.~eiy and quickl!r :;ith an indlcator., (Tb~zt sounds lJi,'_e 

a commercial plug, but ]et me say agaln'! " ,<: "-~"~ " , a o . .  b lnu~_.,d !% thai wa~r. ) 

D e p t h  i s  a t o u g h  o n e  . . . . . .  . ~ne~, n a v e  a d e v i c e . m e . d e ;  s o m e t h i n g  l i k e  

tPis (indicating)--a vernier depth es-ce--that you can Sbic,<< do~,m into a 
k o!low and slide tkis s!id@r and measure~vith, ire But for depth~ i£ you 

g " " .~2..: . J-~- 

can Set•someth!ns like this <mndlc~.~_ng), 2"ou can get the ~ ~ d~p~h of ~e 
hole quickly and aec~m"ate!yo All I am trying to show you is how quickly 

an operator can get it." 

I won't be able to show this one. ~.'~^-~~'" ~*~ : is .bore 
Here (indicating) is a gage for meas~ring a bore~ it-is an insiie caliper. 

~.namcaTor gives the read.4ag~ .It has a i-fnen the caliper is actuated, %he -" ~" "' 
little device on it so that it~:il?.., centralize in the hole., The work is 
in the chuck, bhe C-a{e goes in, and the onora%or gets h~s reading. 

I " ' .=n~, to a d~<tn here an tr...ea to set this Uno We ~--~ ~ ~t " ~ ' (makes 

adjustment " ~ ° ~ss)~ somet~_ng of that nah~re~ -ca can raise the 
work to the gage. The operaZor has the meas~rements within a thousandth, 

,.,_~mut clamping _ The gage does or a tenth, or ~,'~'hatever is necessary, -'--~ " -~t. 
the work. 

Then you have cgnditions like out-of-ro~md, eccentricity, and 
things of that nat~me~ Perhaps this will demonstrate ire . There is a 
zero reading (indicatj~g)o ~''~nms piece here. (Ludi.cating) is a little 
better than two ~ " one-thousand%us out-of-round, Th.~mgs like this are used 

on straig?-tcnin~ oper~.tions, 

Let me Demur out u u uh?.s ~lme tn,~, indicat{.ng equipment ha~ this • 
one ierit t~-mt "; .... ~-r '-- ~ ~ ~,-,~,~ '-~-. tut-of-round~ : - ~ 2  " .... o oL::c.. ~o~,p~ <.qu._: ......... t n~.o, It shows ...... e~ 
eecentricity~ and those sorts of things, The conventional type equipment 
skmply gives you %he greatest dQnensJ.ons and ~-~'~-uls the end of mr": 

Out-of.-round is 5_~moortant for sover~.',l re:~sonsh I£ you have m 
per£sct]$. ~ ro~d hole and you have an egg-shaped shaft, to fit that hole 
the asse~olcr will ~ut them together, if that is do~m in the inne~est 

,,h_-.~ is coing to ha.~nen .... ~ ~'- parts of your automobi!~, .... ~ . ,. ,,.,.~t~m.,. a f e r ,  miles': 
It is almost,, l~te~ally_. _ . , a rummLn{ wind~'ill on %he inside of that barrel, 

T~.e~, too, if you have ~:h~% ..... .,~ call n b=ok-tans.r. ~ and that goes 
into a hole, i% broaches it ~..n~" ~ in~edi.ato!y your hoic is too b~g._ 

l& 
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There are all sorts of th.~m~gs thatyou ~¢ant to Pm, ow in addition 
to these basic, dimensional allo~vances and tolerances.. These are thLugs 
that modern gagfm.g techniques are catching. What I am trying to point 
out, ger-t!emen , .is that a few years, ago, ~.~,~th._ con-', en~.~o,-..a_~ ~ gages, 
micrometers, and things o£ that nature, you could show, you could prove, 
you could feel that a shop ~,'.~as doing very precise work, but after the 
apparatus ~.~s assembled and o.ut of the shop it ran for a little "..'£nile 
and then it ~.ts, s shot, That ";..-~s our trouble, because similar conditions 
were not discovered. 

These things are as important, even more ~_mportan%~ to the v;ear 
of the oroduc% t~mn the act'~al dimensions. You can have a Shaft and a 
bearing, if both of them are perfectl}- rottud and have what we call a 
clearance of a thousandth of an 52~ch, and you set a better ]"lunn~_ng, ~ch 
longer !ast~ng apparatus from it, like an automobile, then you have a 
shaft, a bearing, and ~- clearance of only a tenth of this condition. 
Tour basic d~nuension does not always help you in %he f~al wear of a 
product. So, ~ a sense, t!mb is why I had this little demonstration 
here. This item, on the bench, ~7ili show the same effects. 

I -,',~s asked to be stu"e to point out, so far as I co~ld with the 
apparatus hero, some of the advancos~ Up '.mtil no~-~ I have ~alked about 
thi~gs that I feel very Sure almost everybody 5m the room knov:s about, 
has used, b~s rtuu across, They h~ve been with you for years. 

I made t t  ",~ s t a . h e m e n t  earlier tb~ut I thought .... a . . . . . .  ment -~,as n o w  
],~- • 

a little ahead of indust~-. ,~'e have ..zone into tne use of air for gaging. 
You have alread.v heard o£ air gaging~ ~;re- can use ,:,mr ~" gaginz ~or either 
~uside, or bore~'dimensions or outside dimensions° One of the tricks 
about air gagJ~g,.~.~hich is very ~v .... ~-~ ~ • ~ ....... .~, isl th~.; there is no clamping, 
or th~ugs of that nature, by the operator. . : 

• hen, too, dirt and ~ease do not affect the me.?,sur3ment~ Air 
nesztateu there for a second because you can gaging gets arotu~d that. I' " ~ 

.have a de, greo of clamping, a'degree of dirt, that even air gaging won't 
got mro~.md. - But, in: goneral~ ,':ith air gaging all the operator needs to do 
is to aF, ply the gage and the air does the work. . 

T .not ~ " " ....... ~oz~..~ into the principles of air "o--"., "~'- g~..g~_g anT" more thah t o :  

say thut the caliper'in ~b. air gage is a.i'.v~.ys ~..-~-~ of " ~ 3 e ~ s  o u t o f  : " 
~ - : h i c h  a i r  i s  f ! o ~ r ~ _ n g .  T h e  ~ ; r c s s u r c  o f  ~ - ~  i s  ~ " ~ "  - . ~n ..... a i r  m e a s u r e d  . ' . '~.~ either 
r, dial or manometer Jhcn you ~ ~ c.~n~ the direction of air, you ~ ~ 
back pressure a~td the change in b:-ck pr.~ss~e is #--gistcr~d. So t~hat " 
when you have the air flo~~lng frec!y you get a Certain pre-ssure. Then, 
~:hen you put in the workoieco ,%'on change the back oressugo~ The closer 
t h e  ,',~.~e~,-,,~.,~, .... ~ i s  t o  t h e  a i r  j c t s , ,  t h e  m o r e  t h e  c h a n g e  ms~. ~ r o m  t h a t  we 
h a v e  b e e n  a b l e  t o  w o r k  dovaq t o  a h a l f  o £  a t e n t h  Ln a c c u r a c y .  A i r ,  
surprisingly, is tb~.t accurate. 
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Another thing ~-~e overcome very large.~c# ~-ith the air gage is the 
temperature effect. The appar~tus I have here this morning is a duplica- 
tion of a job being done for the Chrysler Comps.ny out in indiana~-m~k~ng 
~*.,~ .~o ~ .oJ-ns o "You get absolute d~mctcr__. , you catch ovality, ta~oer~ 
eccentricity, and tension v.~ith this apparatus. 

The first trick to master~ of course, is to set the basic size. 
That is v:ha + this thing is here (indicating). I~£ sliding tl~.t sco.le a 
little, t!~.t ~vat6r goes do~.~ to there (indicating). Perhaps some of you 
could not see it~ It is at ~,~hat ~'rc call "zero." That is the basic size 
that ~re ~;ant. All the operator has to do is to put the'piece in t~'ere 
(indicating); th~-t piece is a couple of tenths oversize, and if his eye 
is quick--it Usually is--as he slides the piece through he ¥,ii! catch 
the taper~ He ¥:~]~ soc it move on the little dial. Thei~ if he t~?~_sts 
the piece, as he usually does, he ~',d_ll catch the ova!ity. 

This pc~rticu!ar apparatus -,'~as set up right by the "centerless" 
grinder. As the pieces cs.me off the grinder they-,-ere fed through the 
ga~e. As fast as they came off the grLnder, they ~°/ere L~mediate!y 
discarded or used r'.ght thoreo That's all there ~,'%s to it. It got out- 
of-round, taper, and all the el~ments they v.~antod in one bunch. 

There, briefly, is air ~=s~_n~o ~ You can forget, v/ithin reason, 
dirt and Step.See All you need to do is to thro~v the piece at it~ Arg< 
±oo_._ can use it after it ms once mastered° 

The next things I ~nt to po~_ut out ~rc the electrical gages. 
Also, I ~rant to mention a trend in gaging ~'~ich is com~g a!ong~ Tlqat 
trend is to" make ga~ing apparatus ~"hich ~'ril! fit on or over thc v~ork, 
~u some ~'~-ay, right ¥~hile it is beLng gro'~nd or turned. In other ~ords, 

• rp . ~ ~. • 

it g.~g~:s tnc •piece that is being formed° ~!.~s (.~namcatmng) is ~rt of a 
o~rind they have ~"hich is suspended on the grinding rnchlne. It is out on 
the piece, beside the ~.'hecl~ close ~to the ~,heel~ and the coolant flo~s over 
it. ~ 

No~ Yre can add to it this (indicating) electrical arrangement. 
(You can read it all On the indicator, but ~ve add this electrical 
arra_~:gemcnt. ) I£ hc gri~.ds end Sets to the "b~reen," he, is already nc:tr 
to size. ~en he gets to the "red," hc is at size. All hc ho.s to do is 
just -~'ratch the lights and there he is. Hc doesnlt ev-n h,'~vc to bother 
locl-ing at s necdle. 

You ~:~.ve .... tr~nsmm~t~d'~ ~ an impt£[se •more, You cmn build up that 
impulse through relays. The relays , in turn, :vil! s!o;~- the mmcln~e do~.',~ 
to half speed, right here (indicating), cuod right here (indicating)it 
retracts the ~heel and stone the ~achine. \Vo h~vc am a o~tus like this - ~ l ~ ..... 

at one of the Chevrolet plants, for instance. That plant is doin~ a 
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completc!y motorized job on cra~l~shafts, v.'hcre one girl stands and 
pushes a button and an autcr,~.tic ce, nveycr brings a cra~!<sha:Tt over here, 

• " - ( S h e  does  . . . . .  puts ~t -.uto the rnchi~.~e, n~v. to turn two levers, 1'i ..... ~m..~<~'~' 
or_ semc of these.) ."TOr.~ she pushes thcbutton~ in goes thc iThcel; the 
machine stops. The r-heel is retracted~ The auto~z.,tic conveyer canes in, 
Dicks up the crar~<shaft~ and carries it on to i.he next operation.' 

Well, I have taken you gentlemen deem to a hnlf a tenth of a 
thousandth of a dLncnsiono That is the best air ga-s~g can do~ 1"]~cn 
you got below the tenth £i~u'~, you u-ant to start thi~_king ~f something 
besides mechanical indicators~ "n~es," and thugs elthat :nature: ~ 
Lucidcnta!ly, the air gage is the only kno'-~n solution, u.n to dai, e, for 
bores. So f,zr this morning rre have been tn!king 9.bout the O. D, The 
next thing is an I. D.~ a bore. Uith the air 5age you haw: no, r~nnipula- 

• or~.t ;-ay) tions, no ~':orries° It is thc "cure" for befog (if I can out ",t ~ 
ccnfer~nnceo Don't let thcm kid you that they are too expensive. 
Remember ~d~_t I said earlier° That $I0 gage over there (indicating) is 
much more expensive than this $/~50 piece of apparatus here, if you are 
concerned n~th gettin~ around 99 percent of your product right, in- 
cidenta!ly, this~ in the 1~.nds of an operator, will e!~.~natc that 
tremendous i~soection pay roll you have, and a lot of other things° 

Ee~,<t we come do-,:n tc millionths. Tic have two bacic thJmgs~, 
One of then ! can't show you here; that is, the use of iigh~ waves 
(the spectroscope). There is an Jmstr~~cnt ~d~ere you actual!}l count 
light waves. You can r.easurc millionths very readily if you have the 

~,~,-e arc ten or ~-~e~n of thcr. ~. in the Un,_~d States apparatus. I think ~ ...... ~°"~'~ ~ ' -'~ • 

From those have come the thing Y:lo-,'m as "Jo" blocks. They w~Ll 
get you an accuracy cf about t-:;o onc-mil!ionbhs of an inch. This one 
(indicating) says one inch. This one (indicating) says ha]£ an incho 
You arc able to link the tyro of them together and •have an inch and a 
half to an accuracy of a couple of millionths. You can build these up 
to any lengths. 

Tllere is erie basic thing i~ mcasuremcnt: Dontt let any shop 
that you havc a~-thing to do r.,ith, if you "-re "...'orking closer than a 
thousandth of an inch, go along] u-ithcut the propcr equipment in cage 

"~ You don't blocks• Incidentally, these things ;,~ear :..3~,.,.o~ i~rd~te ~'" 
know just ~.J-,cn they are off~ So the trick is a]..~,:ays te ha'~c two sets: 
Cnc that yeu use for rcfcrcncc, to know ~Jhcth, crand when this set is 
v:orn; when this set is worn, get in another one° But they are definitely 
thc thugs to have° 

V,Fcll, cor:ing close to that and COmi~g close to millionths of an 
inch is the electronic systcu~ ~fnich is i!lustr: ted in this instrument 
here (indicating). It cembi~nes one or two features of the ordinn~r 
radio set. 
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The mechanics of the elec~ron._c ms a %. s , ~ . :  s!..'.indle, ri,~-h% h e r e  

~ 4  ~ + ' -  1 7 < i c h  ~ " '  u p  < l l d  . . . .  ( _ m . ~ _ e g . ~ : q g ) ,  ~ : o , ~ s  d.-:mn 3 u s - o  ~ n o  . . . . . .  ~ - ' " ~ o  a s  a n y  ~ s ~ m s  . . . . . . . .  c a l i p e r .  

~ ~ n ~ - ~  spJ]udle r_ovcs up" :.nd dovm~ it ch::.ng,os ,:-: system of condc-:sers 
fir;side hero (indicatin;]), and that impulse, or chango~ is tal.:on over %o a 
box ~ : h i c h  ~ full of radio %u:oesa The r a d i o  tubes transmit %n~ ~ .... 
r;ont~ then, to the d, io.].~ to the lichts~ or 9 . n y t i ' : i n - ;  else you want, This 
apparatus and most pieces of ap~o,.r,o.tus l~.ce it are built so that L~ou can 

a n  -~ .... ~'~ ' • b y  click- ::~_cas~zre to over-all to!er:.nco of t~u'oc one uhou~ .... urns, cr~ 
°,.K l ~  o~ ~ . -, ~ . . . . .  ~-.~< . . . . . .  t . . . . .  ) ,  t.:." a n  " ' - -  

a l l  tolerance of t!~'ee-tenths~ or to r_.n o v c r - a i ! "  u ~ l  . . . .  ~.~e of ~- -'-c.,-,-'-'~ 

, ~.en you have an over-all tolerant& of ore-tenth, yc, u can r e a d  your 
ni!!ienths of an inch on the sca!e~ 

When i h a v e  i'.v properly set, all i need to do is b01d n y  hand to 
v.ithin half an inch of that 5mstrumen%, or even stand close to it~ And 
you will see this' " " "  ": + • : oegm~- to movoo ,h:.~ is the'effect ez temperatureo 
17;~en you are working in millionths of an inch~ gentlemen, you have a very 
touchy situationo Let us not be glib about it, 

• " ' ' ~  . . . .  < ~ :=d~.no ..... ~ which are This apparatus (::nc_c,:.b~m.B) has some -,-~ ~7 ~- 
apparent %o the c.verag(; ".".an~ after you shove- +hem° in the firs% place~ 

• t:~ Lns tru- ail yon need %0 ~o, . . . . . .  ~ ~" t~is is ,~oou .... na . . . .  the n.astcr piece, is'set ~-'~ 

.<lent ~ ~ " " ~ ~ .~.amc~: ~or shows on the dia!~ and then we .._cc..anmc .... Z so that the -~'" "~- 
set our zero electricai!y~ (1.Tr~, Ker.nedy r.:,.~e~a an ~aou~::,~n~~ "" " ~ " ~  . . . .  on %he 
apparabus~) /'Ii I (lid yeas turn %.n~ nnd get the ,o~:nd to zero~ T1mt is 
r.-y r.mster d~:tension~,. ,r<.;.-d:en on tnmnt~ will be plus or ninus zero~ 
I can set the %olore.nces by ,..ovxn~,- "" -, u,~u little be!trance ].overs hero 
(indicating). i cnn Sm:m±a~e :.,~uoure,.~cn~s, ¢-.s if I ~.:;erc mufti.no other 
sized pieces in %hore~ by chan--ing this dinensicn~ (i:b~ ;feralody hi!de 
an adjnst:ucn%. ) You notice the !igh'b c1-:an~ed just %hen. I have reached 
one of those tolerances, it is about minus a %hcusand~ Nov..- I <:ill -burn 
that the other v m y  ( i ~ o  Kennedy adjusted the piece)° Scmcv.d~erc, right in 

,mv~c ' too z~.Sto Ri~3ht there (indicating) T ~it the ether 

tolerance of about ~ius a thousa:,;d. 

Now t h a t  m y  j . n s t r u ~ m n t  ~ ~ ~- ~ . . . . . .  . . . . . . .  e~ , ,  I c~--n g o  b a c ] <  t o  m y  z e r o ,  l.-r...re 
. . . . . .  . ;  S ~ < ] ,  _ I _ . .  ~ • . L .  . . ,  J . ~  ~ .  (ird.c'-~i n:<), as shown on the ..... T veil! ........ r)l~ce .<fret piec~ through 

. .  . e_L ~ , r ~ e r  o ~ e  t . j . e  o ~ - e : "  . ' _ I ~ D . L  t h e r e ,  a.r~cl l z  - t . h e y  e : ; : c e e d  a %~.o ............. ~ .. . . .  o _ . ~ ; ,  
'viii go on. ~(eu can have Jl blow a horn or rir.~ a bell~ ..re have blind 
:people ..... ~" ~ these instru'::ent~;o B?, . . . . . . . . .  ' ~., the here ~, 

' ~" I~IC re " ~ , a -  she pnor:e tells" them " "their are~ ~:,<. '~hJ_n~s of that >atureo :Tith 
. . . . . .  " ~ : ~  ~-, ~ , ~ "  b u i l d  i i .  u p  t o  d o  ~ . n y d q i n ~  ~ o u  this apparatus h ~  ~ k ........ t ..... ,.~) you can 

Y.~a ] f _ t  ° 

- h e  . . . . . . . .  11,.,-; t h a ~  -r ........ %~..a %0 h g v e  Lo  "~ ..... " P " " ' + .  

(indicating). It is for ball-b~a:rint: races. The rac'es c .cmo  off the 

conveyer !ine~ drop into a .... ....~_er~ go an 
" , . ~ o ~ t ~ a  i n  ~ " ~  ~ ~- o f  __ ~. <.: c,e,.~ ( i r . , . d i c a h ! _ n L ~ ) ,  a n d  c o m e  o a c k  o u t  o f  t h e  n a c h i ' . , l e  aT i . . . . .  " 
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ten one-millionths, approxima%ely~ re?.d} ~ for asscmb!y, it : ' .s just as 
automatic as that~ ]o'oovided you have a ~uy rho knov,'s ho',v to ..'-~et it~ 

There ",';ere suppr.,s~d to be~ Ln the ]:'ox outside of the uuditorimn 
. . . . . . .  ~,Ob . . . .  ~ o O 0 ~ : S  ~rOU ' -~  s o m e  c t ~ t r ~ s s  ~,:a . . . .  s c . . . .  4,0.4-.: .~.. t]<.,.es.~ .,- ,., 4b.,.~_. n ~ s - .  

I donlt know r;hether that part'.c,J.!or packase ::as :iiscoverec., or n<>t. 
You can get them on your -...,'ay out. Here ar< a re:- photograp':s: ibis is 
one from J, he Es%erbroo~: Pen Co~any~ one from some of th~ automobile 
companies; another o::e, an exnerimen% on auto:'~mtic gagss~ illustrating 
some of !.h,~ developments from this point here~ 

i think I have covered nesrly everything that I should v:it!'.,i~ 
the time li~it a±lc~ved ~e~e. I v;as ~,:,Q-~-ns the other day ~"-~ if an 
orator talked at %he top of his voice for un heur~ and if his audi<{nce 
collected all %hat ener-A7 he .-,x~ended az:d c,,::nverted it into uscIh<! 
kilov;att-hours, it would be v,-orth d~r~,:, cents° I hop<-; ;~ou have gotten 
more thaz: three center ~<~orth out of tlJ.s, 

Thank you for your attention, o~entlmr.eno I donVt knov: ..:bother 
you ~;:s:nt to ask any questions r..o', ~ or just r~h<-t procedure you r:ish to 
folle~.v. 

COLOI, EL !i:',iTIY: Gentlemen, for the students, ~.,c vii[_ leave 
copies of the photographs in each one of yonr boxes. The ~uosts ,~to.y 
take swa],- copies if they so desire. 

So far as questions are concerned~ [,b. Kennedy ".,~.~.s v~ry kin{~!y 
offered to st:-y over this afternoon, l~e have arranged for an infer'ua! 
seminar. The ~,-,~'.~ v-il_! b,; " ~ ~,-~<. for ~ ~,~;~ o .J¢.;A u 

otlr iJ.se~ission ~,:ith an explan::~tion of ~,.2terd qu:ility control and inspection 
fit into .o, manufacturing organizalion. You are -z!l invited to attend. 

],:[r. Fe.nnedy~ on behalf of th~ College, I certainly Wcnk you for 
this most intcr~sting display und for your ver 7 instructive lecture° 
Thank you~ sir. 

(23 ;&~.y 1949--75o)so 
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