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co LONAL F"L T *tlemen, in tle studj of ﬂToductlon we are
e

in at amning t nis goal, nawever, many faotors mst be taken into consid~
eration, a few of which are interchangeability, speilages, and maintenance
of proper standards of gqualidy and operational rerformance,

Inspection and, in particuler, the use of gages and precision—
reasvring egquipment is a means of securlng these quc1¢t1uv. Hechine-
made articles are only approximately identical and vniform. Hebody and
ne msenine can make two things exactily alike, The difference ray be’
scarcely neasurale but 3t 7711 be there neverthelesse. OCceasionally,

hese miror changes bunch together and the product suddenly CC”i:tes
sharply from specificationse. In recent years o very iuportant advance-~
ments heve added consicerzbly in controlling thess deviztions, namely,
statistical quality control and the use of gages and procision-measuring
equipment.

Gur sneaker boday is especlally well quelified to t2lk on this
subject. Ee has had many yeors of cxperience in devising, planning and
carrying oul essantial incpection, qU” ity contrel, and gaging programs
and is &b presont Quality Control Enginecr writh the Tederal Products
Co*“oratﬂon.

I take greot pleasurs in introducing lfr, Clifford W, hcrnedy,
vho vwill speak to yjou orn the subject of "Gooes", tr, Hernedy,

R, u_]"‘DV- Thank you, Colenel.

If youw den't mind, I am going right ahesd informelly. Letis
not czll this 2 speech. I have somc netes here but they are simoly Lo
held me within the time limit. I also havae them so T won't forget
scmethinges I am going to be very elementery in vhat I have to say.

Speaking of produchs, I must throw this in rizht off the bnth:
There is no intention here todoy, gentlcmen, of = cormercial plug
although it locks like it (roforring to the items on display). Iam
trying s best I coan to represent the gozing industry. Haturally, T
have availoble Literaturc of the kind you recsived anéd I have soms
apparatus. Others mzke it. Pon't think thm; is Jock Bonngs, for
Tuckies, or somcthing of that naturc.
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Aiming for the targﬂt of this discussion, there ore a few
diverse or relevant points that perhens should be taken up before we
zet dovm to puliing the rabbit out of the hate It is like zr zrtist
peirting o plcturb. There is alwzys the background that he pzints.

In the first plnec, measurcwont 1s a very cormon huwman cebivity.
It is crobzbly the most cergmon achivity we have.,” Tirme is one of the
most cormon forms of mersurermcnt, You wizht s-y, "How for is it bo

Balbimore®" You never get into YOII car but what distancce counts
Subcensciovsly you neasure the height of a step before you toke it.
Eithﬁ‘ th“t or vou nll flat on your face- Then, too, somctimss late
2t wight and perhaps carly in the morning we ars unable to reaours
GCChr”uplj. ¥hen you park your car, veu sidle up and b“ck ir. Zou
Nave 1o neaswre tho distance. Then you leok ot the porking moter to
neasure vhe dime. It just goes on all duy longz from th, minute you gob
up. Historieally, measurement starisd when prohistoric man said, "I
want ancthor one like thei.” The minute you want sone form of uuplica—
tion, you must hove some form of nmeasurenasnt.
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I do not know which eamc f£irst, the hen or the egg; I have ncver
feund out, I am not ezriain, in regerd to industrial progress, whother
neasurercnt orecoded nrogress w0 aftoreard.  Bub one thing is
absolutely certnoin: As v have mode industrinl pregress, the 2bili
to measure boltcr has ticd right in with it Jike a Sicncce twin., Iy
I would soy the race 1c o tie, We are developing in mensurenent on
bility bo nea Sure read 1" to 2 millionmth cart of an inch-and, if you
wont, te billiionths of z2n 1;039 So for as 1 am ecconeorned, production
pecomle balk “oout it but theyr are not ready to go yob to & millionth of

Yo

an inchs So, generally Spuahings we arz o step or two ahead

I might bring this question of neasurement out of history.
Thore ves a time, in the days of King Henry, when the uwnit of meosurement,
or disteonce, was from onal!s nose te the crd of his finger tips, That
w5 tho yard. Thoy tock sixboon fellows and stood thﬂﬂ foot io foot.
That mnce the rode I supposc from that also canc the "foot

I was reading just last nizl t thev in Switzorlond, 'y back,
they measured proverty by hoving o man go to the roof of his house or
barn anc throw out o ucythc or sickle. “herever it lended and stuck
thnt was as for as his chickens could travel, If the chickens went
beyond thet point, thoy belonged to his ncighbor, That was the way they
mensured in Switzerlond,

Cut of the cld Angle-Saxon cnre the term "uncin,” '”5c1 wras their
wora for tkurbnai? "Uneia" ros beeome the inch in the Enrli systen.




Then we have the barleycorn., That was a form of measurenent,
no lesse It is s3ill used in the shoe indusiry for making certain
nezsurements.

The French and some of the other Europeans wers a little wiser:
They tock the circumference of the earth, divided it by thirty million,
or some such partition as thai, and got meters. Then theyr were wise
enough to divide the meters into a hundred partz and zot the centimetor,
They divided that still further into ten paris znd ot the millimeter.
They multiplied the meter by a thousand and got the Lilomster., Ve, with
our =nglish heritage, know similar divisions as inehl, foot, and yard.

From your point of view, probably the most interesting history is
that of Eli Whitney, who found an arrangement for having one man malke onz
part of a musket and another man make another mart of the rmskete Then
finally a fifth or sixth man put them together. The Revelutionery Var
soldiers were very fond of those muskets becazuse when they broke one of
their cvm all they had to do was take a musket off a dead nan, extract
the part they needed, put it on 2nd cverything was all rignt. ITater-
changeability started then, Uass production startzd thaon,

Whitney discovered he had to have soms gazes so that the men
would meke parts of a certain size, and make then interchangsable,
Industry copied Yhitney's mass-production idsa. Theay also copfled his
gages. But, to & considersble degree, tnose are still unchang:d, The
Revolutionary Viar gages were no bebter than the one that Eii Vhitney
deviscd, When, you valk through the most modern plant today you still
sec¢ that type of gagings ¥ct, there are so many better types that can
be hade I will demonstrate that in a mimate,

Let us bring this historical busincss heme., I wrs ot the
Wetervlict Arscnal a short while ago. If you ever visit thore vou will
see o glass case containing somethilug that looks like tennris rackobs,
Thosc; gontlermen, are gages Lo be uscd in measuring cannonballs, Ve have
a letter doted 1662 indicating thot the Arsomal ot thet time wansed %o
thousand of the ten-inch size, They were to be held 46 boivecn 9.84 and
29 inches. These were the sages that wiérc %o be useds They were just
wooden-frame picces with holos in thon.

If you go dovm to the Frankford Arsencl, which is very modern,
you will stilY sce somo little picces of steel with helas torcd in therm.
In a2lmest @ hundred years now, there has been no changes loraver, they
are gebting o little betber. Perheps that s one of the reasons I anm
herc this morning.

I go into scme of these moderr plants and sec their uldra-modern
A

reception’ rooms, parquet floors, conveyers, the latcst in autometi
machinery, cverything right up to the minute out 4o thz shipping door,
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I was in a plant a short while ago where thay didntt have z indow.

Zven the air was controlleds I don't know but whot their thinking wes
controllcd also. But they had some of this traditional saging studf

out on their machincs. It mede me think of getbing inte o 1949 fJadillce,
driving up in & duster, cap, goggles, n~nd things of that noturze It 1s
sort of an anachronism.

I used 1o own o Roo car that would de £ty milcs on hour. Ih

lasted fifty thousand milcs, If I buy = ear tocay it rust be good for 2
hundrced miles an hours It must last ot Icast 2 hundroa thousand miles.
In the days of ry Rco, 2 two-thousondths btoloerance was o wonderful tiing,

they thought., Todzy, two-tznths is big.

Pl

Iwas in a plernt in Indisne o short while ogo whers they were
grinding diesel crankshafts, or attcmptlnc to do so. Thoy were helding
them to a fifteen milliont tolerance.” The diffcronce is wonr. In
order to manufacture 4o that precision, gages had to be able to measure
betuer. :

Now I know of = tcxtile concern in ew England of whicek it is
said every once in awhile, "Is that shop up there giill Jetting the
paint run into the heles i order te geh o velter £1t?" You canncd
manufacture that way !

In tkhe industricl picture during the wer, you, or othars like
you, were rasponsible for 2 lot of cur trouble., Thle magnzines thiroughout
the country were given the StO“y of the HNorden bombaight. You glomorized
pin-point bombing. Becsuse of the fact thot these things wore made in

_nass production at telerances of a tenth, what hanpoied? The fellow vho
was buying a pencil would pick it dp, vay the clerk, valk out of the
store and not think much about ite Hvon you tedsy, il you buy a pcncil
like this (indicating), would npick it up and probably lock in it %
observe the workrenship of the thing. The public is now in the h~ it of
looking for vreocision. From the commercial ar;lc, thot aficcts us a
great doal, ‘both in measuring and in manufacturing.

Now the modern way a».hrczul of voridng uwp o 3cb i
J 2 .
engineecr it., The product ds dosizned. Dot enly o the :
but the process, the type of mochine tu be usaed is selected; olso tno
Iy 3 ba J
Ty of tooling. The nothed of handling the goods, ©
oJ 2 ED 2 3
.

the ligbbingm=cverything or UJC 560u10n

of the plant, thet dis going 4o roke this little enrt is set up. Small

pilot lots are staried zlemg, The cocrotor hos beon troinsds Even the
timc and methods boys have gotten out their step watchce
standard or on incentive, Oubt dribbic tho first‘few oie
body stops the thing., They arontt cxoctly richbe So
blucprirts. Then they commenco to look nround Tor s

is nlarmed, orderad. The ©
L
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to measure, In the average plant, "something tn nensure with" is
usuzlly this (indicating)e Tt is -
A1l you have to do in the crdinn:
micrormetcr, or something, -

ke
< shop i5 just lock zround for o

In the corly port of the wor I was in the “fﬂ?"r arcmarce nlard
under an cxactly Hﬂllur situnticn. One day we had te welk prﬂ“l’ o

ir of

rmile (the length cf that plent) over te the tool snon to find a 7
micrometers. Thosc fellows cubt thore just natwrszlly didntt %“vc T
You run inte that situation sven today, not having it right at hand

just at the minute you need it in order e measurce rosulis odegquatcly.

Fost of the more nodern products nre very intricate in design.
Now will thai give you the answer you nend? Is it right? Docs it

mateh the blueprint? An instrument iike the micr: m:tvr ray noh be
sufficient or adequate. Some nroducts are so intricuts you nood o
spacial form of grpe 1““od10tcly ir ovrder 4o choclk then.

—t

Ubat T em trying to suggest cut of that
rrocduct is designed, whew the process, ths rachiLin;, "ﬁd GVl“ythiP” is
sorked oub, right then is the timc to desizn the goging materisls o bo
uscd; the methods that are to be used to ch,ch the cenferrance of that
rroduct o the spocificetionse Inspectors and goso eaginsers onn read
blueprints. We do not have to wait until jyou have mede ¢ part. ‘e con
design the gege. We can cocoon the goge and put it oside wabil you ore
ready for it., That is cne thing $rat I would like to throw hoovily int

the minds of sore of you.. I hope somc day it will come out of the fllCS

when you heve some industrial problem 4o solves

iy next point-is thet you nplan rour gozes for the operstor and

not for the insptctor, the cnsinecr, or anybody clse, Tr ~ny industhrinl

plant, gentlemen, or any incustrial cpﬂphrJ, theore ars only tvwo men who
count: One is the opernior vho makes the stuff, ond the other is the
salesman vho solls it. Bverybody elsc in that plarnt is oither
to one or the other of thosc two, or ¢lecc he Is o parnsite.
30, in plaming your szages, plar thé oubfit for the operator.
Work it so that'he con sce whot he is deing, leke the others use it,

In ouwr plant at Providence, just to give ycu on EXu“p1O, cr in t7e plant

whers T was in Dervar, the paging outfit waos dosigned for the opcrator.

He hnd it on his bemch., If the inspechor *u. Lad b know scmcthﬁﬁg ahoub
h

the product, he come and used the oporat orts leyout, ho aid et have
scmething srecial.

"

Ivwns in a plant in Buifalo where dnsy'*ern naking sdne steering

knuckle bolts. T —as a srinding orceess. Tha follaws ot the oachinos
were equipped with Troltes," After they mode & thousand or so o doy, 4
tote box was taken Jdowm to an inspectort!s crib, perhops a cuaricr of a
mile away, and tilerc tlie inspeesors, cquipped with those elechrieal

CURIOL 48 the air thet ror breathsoe
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instrumcnte, would moke neasurenents in millionths. Yow I den't know

whether you have ever scen an inspcchor srorking itk orn clecbrienl

goge, but he can actually measure o zephyr. Well, along about tihree or
four days later, vack to the operalors of the machines would come z re—
port to the effect that on suech and such a day tuer was & percent scrap,
or something like that.

"
o

Sc. what did we do in thet vlant? Ve made arrarzements-—-we rigred
it uvp with the union, the time department, and eversthing else~-tthereby
that operator, any time he could make one piece that in his opinion was
perfect, could go down and use that electrical gage. VWher he ves satis-
fied he had a piece that was right on the mean then we supplied him with
a little indicating rage. he set that gage to that piece. EHe zeroed it
to those parts. From then on as he ground pieces he snapped the gage on
the pieces he madc.

Do you get the psychology of that, gentlemen? He was responsible
from start tc finish, He mede his own master. le set his own gage.

One hundrad percent irnspechion is the bunk. I used to say 100 per
cent inspection was about 80 percent accurate. I hove now revised that
figure, after making a study of airvlanc engine factories in Connecticut,
to 68 percent. If you have a lndred pisccs smong ten thousand lhat are
out of tolerance, and you turn those ten thousand picccs over to an
inspector, the inspector will probably catch sixty-eight of the hundred
picces. The other thirty-two will get by. If you hevs the lot reinspecto
of those thirty-two they will get about 54 percent. Thatls fiftecn
pieces. Then if you agnin have the remzinder roinspecied, they will get
something like 34 percent, and so on. The thing nover rcaches zero no
matter how many times it is inspected.

ct, Your on 1v solution
¢ ahcm rizht is the
¢ hes donc.

It is betier to prevent than it ia LC COrYT
is’ %o make them right, and the only mon on mak
operator, Bul he needs the equipmont to sce vhiat h

Here is another cormercial or indusiriazl =eolicy. In a shop vhere

- they are boring, they have a little Soolroom plug gage. They sheve 1t in

the hole to sée if it fits or not. That costs aboud $10, moyhé $%. You
have tor machines using £50 or 3100 worth of trudltlonul gagose S0 e
go in with éne of our small-bore gzuges, Welll show it to +1ow Theyrt1l
52y, "Ch, no; we cantt afford that.” Bubt the old traditional gage is
costing thom monay, gentlemen, IE they put in the new gage, they will
make mongy by the reduotlon and preventior of scrap and ravrork. We have
becn able teo prove that point over and over again. In other words, our
statement is that if a gage doesn't nay for iluself in a perlod from six
months to a year, or less, dontt tuy it. The only place whore price is
a consideration is in the competitive situation, where for the some

as
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eguipments somebody will have a lower price than somebody else, - Dub
don't say, and don't thinlk, that the gege costs arythirg, It begins to
cost when it does you no good. ' : .

Coming back to this: They have been using the oid traditichal =~
gage in this partieular operaticn and their scrzp and rework is sometimes
54 104 or 15 percent, They put the new gage in the hands of an operator
and scrap goes down to three, two and one percernt. For each of the
traditional gages they made theyr might as well have tossed the £5 out the
window. They did nothing. ”hey made no change in the situations

{(¥r. Kennedy proceeded to the blackboard. )

Here is a 1little piece of sconomics that you may be intercsted
in~-~T hope. In this varticular plant, the cost denartrment had numerous
breaking points vhere it got the inventory value of the goods produced
every week, This study hapvenad to’be taken from a screw-machine depart-
ment. In that week it produced $14,000 werth of items in that condibtion.
That included the overhead and everything glse. The cost department
officlals arranged also to get the value, in dollars, of the scrap made
that weck on the rework opcrations or salvage coperaticns., They charged
up the value of any equivment bought in that department in order 1o
secure conformance, like zages, new chucks, new tocls=~anything that was
designed to make a bettor product. Incidentally, they amortized that
figure on a 25-weck basis. They also got the inspoction pay roll arnd 2ll
of that added up to a totaol. Tney ratioed that to%2l in dollars against
the goods radee At the time this thing started, that ratic wes sizxtecn
cents. A few weeks later it was nine cents. Six weesks later 1t hed gone
dovm to six cents, The last time I saw them they were shooting for three
ecents on the dellar, which is a romarkable rccord.
How why? They seid 4o their erple, "ou can inercase the in-
spaction pay roll if you wishe TYou can increzsc this if you wish,
provided in so doing you decrease this (indicating) and end up vith a
decreas: in that (indicoting). They geve them flexibility in that
department to do things which would bring about a reductior. here (indieat-
ing), and then, adding the whclc business tovethor, 2 red uctlon there
(indicating :
I can wake this clearcr, gentlemen, by saying to ycu that vhen
mancpement freezes those two items there (indicating); wher. management
says, "Not one cciit for :Ln.apect.lon. You can'y buy any morc equipment”—-
when man_gcmcnt 1reez those two things they avtomatically freecze scrap
and rework. o '

_ There is another little story that go~" nlong with that, mede in
this same plant, which hzs te do with the subject in o way. It costs
money to produce botter quality. This one curve, we will say, sharts at
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about 50 percent scrap and reworke The scrap and rework will gradually
be reduced towar u.ze?o, The cost of oiodreing that reduction in “hst
curve has a terderrcy Yo ruh something in this shape (Grdicating). In
the zverage plant, and in the averaje demerimens, She opbimum point Is

a two mercent scrap amnd rework loss. Supnosing it was insisted thet not
more than cne tercent was to be al_ohed, and supposing the one rercent
figure occurred ‘here {indicating), You can see from this chart tre
great cost invelved in obtaining one percent as compared to two percoent.

I am simnly throwing this sut as philoscphy, sentlemen. The cosd
of getting qualily rust be evaluvai-d against e value of quelity if T mey
pat it that way. Is it worth it to haw T attennt to nuwe, e perfect
vroduct? Or can you have 2 1ittle loss that viay? Then, going the clier
Ay, are you heving toc much? Those ars just two Little economic thoughis
that I wanted to throw at Tou. :

Yhile T am hers at the blackboard, I want tc speak about indicat-
irg geges. I have already mentioned the Buffalo situaticn. I have
alrcady menvioned the importance of getting into the operztor?s hand the
gage he can usce Now & USVChﬁlO”iSt tried tiils experiment. He blindfolaed
& man ana, kesping hin blindfce Mcd told him to draw & fowr—inch line,
Then he ¢umOVPG the blindfold and asked him to draw another four-inch lins.
He kept up that procedure for about six times, Then he romoved the mants
blindfold and let him look 2% whed he had drrwn. He aiso ot nim lock ab
2 rulcr. %hon he put the blindfold back on him ond had him éraw a four-
inech line within a ceritcin tolercrce. After taliing the blindfold off and
putiing it on several times the men drew o 1ine that was four and an
eighth inches long. ‘

You see, ve pubt blinders on our averags cperoters. e der
them something where ther can see where they ars going‘ I think
1itile test is perhaps cne of the 7“1n01ﬂal argunents Yor gctt’ng
from the E1i "hitney tync of woge and getiid ng over rore irntc the
type of goge. .

H e Si*{

I remowber one plant whore e had cne of the indicabing tipes
of gnges, {Any tna of them herc will do as an experinme nt.) The operaior
hacd it for o few days. It had not been bought. It was nccecss ary for us
to toke 1t away frorm him, When we picked up the gage and sterted off the
operator szid, "Say, Bud, wherc are you going with that g&gc?" Well, we
tried to exploin the QLU“GLLon, de told him it hod not been boughty
thet 1t was just cn trx‘l. e shool: his hend =nd ssid, "Youtwe goh to
give me cithcer that goge or its cauivalont, or something else." He macde
& groat issue of it. Nopuloss to say, the gose stayed.

' 2

1.

Fhon we asked him vhy he wantod to ltecp i;. Ve snid, "Teulve
alvays had something else hera for all these yoars.! Mo said, "Were you
evor driving atonight and had your lights go out all of 2 suddon? Vhat

1

did you <o? "Tou stopped--surc, Vecll, Iive beén blind all these yoors.
How I can sce what Iim deing.”




hen there is arother thing that happons mony tincs in a shoop,
cspOﬂiaII* on screw mackhines, You vill see on cperator coulppced with
siz, eight, or ten difforont grges. He will have %o or trhree sizes—-—
srap gages, air gfrcu, a pair of "mikoes," miybe @ plug or o, meyitc a
vornler coliner. They will be on hids bench. Off comcs the picee frono
the screw machine. FHe recchoz for dhise He rocehics for thot. He
finally reachcc for oquuh{ng clse. liaybe ke getz dircd and just 4o
a chancc, So wo are tr”ing urge on indusiry, and we are trying to have
available,;. grges arrargad so t et ycu carn hake the plece and cormled
the measuroment of It in one moition rathsr than to be bothered with a
the other gages,

(I, Kennedy picked up onc of his exhibits,) I will havo to
hold this a litile en ende But this is a four-dinensionzl viece, in-
cluding diemeters, conecentricities, and longths. Tho follow getz o job
dcne in one motion. He will neasure under thosa c1“0hrstaﬂcou znd he
will know vhat he 1s deing and you won't have to have tihst inspection
_crib dovn there,

w let me talk for a sccond or two sbout qualilty. Bosleally,
that is what we core interested in. You know o design is right. You know
if it is rade that way the thing is going to function. Sorccne vias tell-
ing ne just the othor doy he thought a mistoke had been made on sore of
this atmospheric work where a $1tb e error of o for milliorihs of an inch
was being aliowed., They figured it oub that by the time it got holivsy
arourd the world it would he twe cor threc mimutes cul of dts COLrSCe
Thay wondercd if they could zeb closcr bthan that, The design of the thing
vas rights The question v““'whethur we couid neld iV to those ﬂlllwont‘so

That goes all the way through any nproduction,

Supposc somc time in dhe future you strike sore incustrial plont,
as probebly sonc of you willy where it 1s putting oub sone product in
vhich you cre interested.  You krnow from rezerts you have recoived that
the product is no goode Perhaps port of your problem is e decide
whether you nrc going Ho keep whnt plant oh the roster, or vhether you
are. poing to kick it out and take on anobher, Bub you wont to give that

plant arcthor trinl. You want te give 1% another chince
s conformance 1s corncernsd in zaging, qualit ond things

Sc far: ns
f thot noturc, the prime thing, I think, is to do s*“ebﬂluw abput it.
It isn't sufficient %o sit at the desk and dictatec o leber in vhich Fou

say we rust hove this or we must hovae thhte It disn’t sufficiont to sit
there and »eunc the desk and just talk aboubt it. Do socrothdng abeut it !
A1 T am wrzing you %o do, if you have o qunlity nroblem, is to geb your

coat off and sco that the thinz is clinched,




Fow you have the job running with this toolroom gage of which
I spoke. You are having some trouble, ZYou pound on your desk, ¥You
issue all kinds of directivese That weon®t help, I can tell you right
now Shis blooning gage is burrcd on the sdge. It wouldn!'t neasure within
five one~thouszndths correctiy. (I picked i% up from 2 machine in thai
condat_o“,) A11 right, Supposing ou went to that job. For only 310
more you could suprly this sane rade by Taft-Peirce. You notice these
1ittle things here {(indicating). Well, if %he fit is tight, it's a heck’
of a job to get & plug zage dovn there. They uwsually use it as-a reamer,
anywaye Taft-Peirce got cut this ball thin~ and the Dlooming thing
drops right in. The operator can use it casily.

But there {(indicating, is something new-wNorbide. FHow many btimes
will vou goge with this before it is worn? Give me a gquick answer--cven

a quick guess.
(From the audience): Cnce.

IR, ESKNEDY: Good. That's exceptionally good, It is one *ime¢

You never lnow whether this thine is right or wrong., This (indicatiy z)
thing here will gage & hundred thousand times withoubt any wear, That is
the Norbide. Ttis worth a feur dellars extra, But, if you drop this thing,
it will shatter, Then you have to buy a new one, in Denver, where 1 uas,
" we had glass gagese wWhen they first came out, I went out therc and
talked to the people at the machines. I said, "This 1s a glass gore.
Wetre having a little trouble geliing gages. Take extra precaution when
you use this. Don't drop itd" By golly, when I wont out next morning
those fellows werce gaging for a chgnﬂe instead of reaming a hole -as they
did beforc. ‘

LS

Se, gentlomen, do something about it, Jhat ts what I am after,

- I can give you shother illustrations Wo'meke micromebters. But
here is o littlo shop crewr with so mony machihess They can turn oub, say,
four hundred an hour, I mizht tell you gentlemen so far as I am eoncerned
99 nercent of the fellows I sce on the machines want to do a bebter Job.
Nlncqy-nlno percent of them are disgusted, eiiher consciocusly or uncon-
sciously, with the fact that they are forced to do shoddy work,

, Well, this fellow has o little conseience. These pleces are pour-
ing off. le grabs once = He has to get his "mike" on this shoulder..: Then
ho has to got it up here {indicating). "If he is like me, he hus to look
ab it W*th bifoeals in ordor Yo read it. He rolls it on his orm and gets
it all full of hairs, which doesn't help any. AX1 the time he is shond-
ing or leaning a Llittlc bit forward. Thc blguFSt muscle in the body
beeomes most bired.
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- A1l right; let's do something zbout it. ~As it is, he certainly
isn't going to be able to measure many pleces. letfs give him a eclicker
like +this (indicating). Anybody can read 2 clock. You learn to resd a
clock when you sre very young, lolding ug gage) Jlere is one dimension;
theret!s the second one; there's the third one; therets the feurth cne.
Vill he get it right? The clicker is nrobzbly $30 more than the micro-
metor, in seme plants you would think you were asking them btc buy whe
Ermwire State Building if you suggested that they install the clicker.

There is one more 1little point in this background: Den't let
them put a gage on a job with, what we call, toc fine a discririration.
That is an insoactorls trick. Your tolersnce is plus or ninus five
one~thousandths,” An inspechor will stick a gage on that will measure a
tenth every time, when all you need is a gage with'a tolerance ol 2
thousandth. If wou have a tolerance of two-tenths, then you want the
equipment that will measure dovn thers. If you put the gage for a tenth
on a plus-cr-mints-five job, that brings 1t dovm Yo & discrimination that
is not necessary. So let's have the gege within the field vhore it belongs
and not follow the natural human tendency of getting it too Iine.

So, gontlemen, starting with just plain, clementary reasurcment,
lat's proceed step by step and work up through thesc gadgoets here

S

{pointing to the items asserbled). I hepe some of these things will work.

First of all, I must apologize. I think probably within this
three-wock period we have a show for you felliows in Texas. We have
‘another onc out at St. Louis University. Then this cne hore ihls morning.
‘T am due -in Pittsburgh, 2t Westinghouse, tomorrow. There is ancther one
in Cormnecticubi also a fifth one. I don't think we have a gage le b in
Providencc. 1 wasntt able to ship herc some of the things T had hoped

I could, 3But we will do our best with what we have.

o will start with this very elementary Zorn of fecsurement, nameliy,
the stecl rule. Hore, zentlomen, is a simple stecl rule. You lay it on
the piece on which you are working., Before wroceeding, I vant, for. your
“riotes, to mocke this referernce: Don't Lot anybody messurc closer thin a
sixty-fourth of an inch {fifteen one=thousandths) with & steel rules They
+ill tell vou they can, and some old-time mechanics can got dowm Lo two or
three cne-thousandths. But you never know the day vhen they ara going to
slip over the line.

Ictls establish this thing =t about Tiftecn one-thousandths. For
rough castings and things of that neture, therc is no need of buying any-
thing more expensive, or anything beotter or different.

The next thing is the fact that a Frenchman by the nome of Plerre

Vornicr took the gtecl ruls and orronpad 2 1ittle syster of dividing up
- [ o !
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the scale so thet you can road direectly and rocdily te o thousandth of on
inch, Todsnyr, we have what we call vornier cquipment. ¥e can mensure
straight lines and vz can neasure angles with vernier equirment, The
ig gool up Lo vhousandths of an inch. Uonit emnect it Yo do ony betd

Yher will try to messurs o tonth or to.
They will 40ll you it is all righte Itfc o question vwhother o bolicve
ticm or the old profossor koroa

<+
v}
<

]

.
You vill son sone .;x,.O""‘ whors

fAOE 4

Of coursc thoe most comren ond useful thing ir the moeasztromont
vorld is the micrometor, using the idea of forty thrends 4o the inch,
Lb“+ is te say, wheon you nake one turn you have “dvnrc“d an anvil o

fortieth of an dnche. By sutdividing the barrel into fwenty-five parts--
onz wrenty-fifth times one-forticth is ore-thoussondth. Sc if you move
that only one of those gradusticns you hove closad this gop o thousandth

of 2n inche

By meons of a vernier device wou con roduce that to o tonth,
Pco?IO'w:l] say thet you con mensure to 2 tenth of o thousandth of on
ineh with the oralnarj micrometere Tho old prefosser soys that you cennotbs
Don¥t expect micrometer rcodings elssér than two~tonths, In the Tirst
rlace, if I measurc a picee with this, to a tenth, wo will be off a tonth
or two Geszending on the ameunt of muscle you nut on the serow, You should
heve seon sore of these western ronchers vher thoy were making sore
Jeasurerontse  In some cascs tlhicy wernt over 2 range of five one-thousandths
of an incha

Lot me tell you sorme of the limitations on that, Vhen you.are
mecsuring closor than two~tonths of o thousandth of an 1nch one manipula-~
tion of the instrument you are using will meke rore errors than tLU
instrument itself will, Than you hove thu, diry, ana temperature, which
are immedictely cffcctive when you get under %ﬁ+f thoussndth. So let's
rencrber there are limitations as to vhat we con ond eanit doa ‘

This has to sound & little 111
indicet;ng} is on indiecoting "mike,!

cormerecinl plug. There
heppen to have the Zoiss
pasents in this country. ch Suropean potents ore uscd by obther manu-
facturers, Whon you put & spring londed device on the micrometer and an
indicator you con measurc o half a thousandth, Your indicotor axpands
the readings so that you con read them readily. Bub you musht not forget
temperatures, I have alyendy chongod the reading of ithot micrometer

'3

about a tenth simply by grabbing it,
)

a
vr
[

T
g

Another thing: Most pcople, in using any type of goge, try to
mzke the goge read what they want it to read, NG“““11y, ore c¢lomps the
pPiece, unconscicusly--cnd in so doing changes its roading by hwlf a
thousandth==cither because he is trying to nnke it read a cortain thing
or he is jusd rauurally clanping it. A
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Cne of the meost difficult lessons o l arn is to les the gope do
its ovn worke If I coudd get 2l of you ic finger tnls 1itsle gnge, nnd
then have you nensure that pilece, you would find yourscls off by severcal
LOOUSLHuthS, sirnly by urecnscisusly clamping the niece. If you will: let
trne gage do the job, you will get the correct mensureront.

The noxt step in this pre ccduro is this type of zugs, ¥novm s
the cenventional type, snap or nlug. ou hecr pecple szy, and they
clain over and over egoin, it will l LTQ a reosurement dovm to %

A
to tro-tenths
of & theusandth., The 21d professer says it won't. You hows terporature
nnd you have wenr cormstrntly in this trpe. You rmay say right off ths
bat, "Yas, vou hove wear with this" {indiecting). But on this type
{indi cgqln,_,] of goge, the indicator shows tho wear right offe You do
net have anything telling you here (indicoting) vnless you eon look at
it or fecl with vour tseth and see what the wear is,

I hove here sonc pleces T rmode up for the Westinghouso c“f“d
vormorrow, they 21l fit this snon goge. None of then zre too small and
none of them, apparently, too big. The gquestion we ars zoing te proposc
to thosc students tomerrow is, "iith thess pieezs coning fror the nmachine,
and using this gnge, whon will you shut dovm the machine?™

In this portieular case, the operctor didnt't stop his mochine
and he gob cubeof-tolerance work. By using the indiesting tyme of goage,
2s he pubt in one piccee at & tino, his indicator moved upe Inside half an

hour it had gone up nearly o thousand fron the size ne had half an hour
agos He could sce where he was goi *""ith theme He eoculd sce he vwas
near to the 1irca ¥hen he zot wo this size (1n61c.t1ng), re changed his

wachire in tine and brought 1t bock to tﬂu low size.

Following the thought T just h&d, when you got the indieating
equipment ryou can measure to 2 tenth of a theusandth,~--that is, crdinery
mechorical indicating ecauipment, provided you do not clamp the vork=-
that evrrer ean alvays be prescut, and provided you do neb have dust, dirt,
and teancrature. We try, in our desiegns; to overcome the cffecus of
temperatire and wear. Wo olso try te overcome the offechs of clonping.

The gace I showed yeu (indicsting) offsste 11
Just ewnolke 2bkoub, A1l yeou have Yo do 1s drop din »icer., 1If you cre

Lo 7ot olosor than a tenth of a thous nut“,'gct scmething clsc
des mechanncsl indicoting eguinnment. Oh, you will be told you can
work to oloser thon o benth with indieccting enulpmypts Aprin, I wouldn't
belicve it. I would L“u-su“etn¢“g clse. - :

those things T

F

Indicaters will vary in size frem Little David here (Indicoting)
to Goliath, there (indicatin@). Thaoy cen all tho way in boteen. Vou
sce scme sarples horce . Sonebines the ope? 1tor necds bo lock 2 1ittlc
closcr tMu a smnll indientor will pewq*t, Sonetimes yeu have only a
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srall smount of srace %o stick in cne.  On the other hand, if you have
<he roon for this, give him a big one.. It sort of blows up the dimensions.
S0 you see, gentlemen, you cen nave all gorss of sizes:in that.

Here (indicating), 25 leng as I have 1% in ny hénd; is a ecaliper
with an indicator on 3t, Where you must caliper scmething, vou can get
it much more zaccu :“eﬁj snd quickly -with an indicator, (Thmu sounds likke

a COHHerCﬁel plug, but let ne sey again T den't ldtudd it that war. )

Depth is a tough one. 4hey have a device made, so:';ét}'iing like
this {indicating)--a vernier depth gnpe--that you can stick dovn into a
Yollow and slide ilis slidér and messure with it. But for denth, 17 yom
can get socmething like this (indicoting), vou can get the depth of e
hole mquickly and acca:ancly A1l T am trying %o show yow is now guickly
an operaveor can geb it.” ' :

I won't Lo able %o show this one, fThere {indicati a_ bore.
Hore (indicsting) is a goge for measxr*hg a bore, It ~ ide c;liper.
Yhen the caliper is achtuated, the indicator gives the read..ng~ Ay h has a
little device on it so $that it will centrolize in the hele. The work I

in the ciwek, the gege goss in, and th operator gets Lis reading

I tried to set this up, ¥e wand to gob a derth heve (makcs an
adjustnent on_the gege); sometling of thet natwre. You can raise the
work o the gage. The operztor has the measwurements T:L+h1n a thousandth,
or a tenth, or whatever is neceessary, withoubt clamping it. The gage does
the work., ' »

Then you hzave conditions like outeof=round, cccentricliy, and
things of that neture., IFerhaps uhlv will dcnorsmrate it., . There is &
ZEro roadi?g {indiczting. ”a¢s plece here (indicating) is 2 1lidtle
better than two cne-thousandths out-of-round. Things like this sre used
on straightcning opersiions.

Let me point cut at this tine thot indicoting equipment hag this
one merit that no other twve equivment has: It shows cut-of-round, tS“or,
cecentricity, and those sorts of things. Yhe conventionzl Uype equipmeny

simply gives you the greabtost dimensions anc that's the end of It

Qut=cl~round sﬁmotmt1M‘ymm” rELOCNSe i ¥Ou have o
perfectly round hole and you have an egg-shaped shalt, to £it thal hol
the ssserblor will it them tog there 17 that is dovn dn tho innerm gulel:}

““ts of your autorobile, whet is going o happen within o fow miles?
I‘L s alimost, literally, a rurning windmill on the 1¢.slt~c of that barrel,

PR

Then, toc, if you have -hint we call a bock-tapsr, ana that goos
into a hola, it brooches it and Immedinitoly your hiclce is teo big,
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There are all sorts of things that you want to lmow in additicn
to These basic, dimensional alloweances and tolerances. . These are things
that mocdern gazing technigues cre caiching., Vhat I &m trying to point
out, sertlemen, is that a few years age, with conTenitional gages,
micrometers, and things of tha% rature, you cowld show, you could prove,
vou conld feel that a shop was doing very precise work, bubt after the
apparatus vas assembled and oubt of the shop it ran for a little while
end then it was shote That vis our trouble, because similar conditicns
were not discoversd. -

These things are as important, even more important, %c the vear
of the vroduct than the actvel dimensions. You can have a shaft and 2
bearing, if both of then are verfectly round and have whal we call a
clearance of a Thousandbih of an inch, and you zet a bebter running, much’
lenger lasiing apparatus from it, like an aubomobile, then you have a
skaft, & bearing, and & clecrance of only a2 tenth of this condition,
Your besic dimension does not alweys helpn you in the final wear of a
producte So, in 2 sense, that is why I had this litile demenstraitlon
herce This iten, on the bench, will show the same effccis.

I was csked to be swre to point ouwt, so for os I could with the
apparatus here, some of the adviness. Up until nowr T heve zalked about
bings that I f=cl very sure alwest everybody in the room knows about,

has uszd, has run across. Thoy nave beon with you for years.

I madec the statemeny earlicr that I thought eacuroment was now
a 1little ahead of industry., We have gone into the use of zir for goging.
You have already heard of air zaging. We ecan use 2ir gariny for elther
inside, or bore, dimensicns or ocubside dimensions. Onc of the tricks
about alir gaging, which is very favorable, is thot thore is no clamping,
or things of thot nature, by the operator. - -0 '

Then, too, dirt and sreocse.do not affest the measuvrcments Air
gaging gets around thata. I hesitated there for oz second because you can
have a degrec ol clamping, o degree of dirt, thet even oir goging won't
got around. - Bub, L goneral, vwith iy gaging all the opcorator needs to do
is to apply the szge and the air doos the work. ’ ,

: I 2 not going into ithe principles of air gaging eny more thah to
say that the caiiper in oh 2ir podge is alwoys 2 pndir of jebs, oub of
vhich cir is flowvinge The proessurc of thot zir is mensurcd wiih either
a4 dizl or manomctor. when you change the direction of air, jou chonge the
back pressurc and the change in back presswre is registoreds So that
when you have the adr flovirg frecly you get o ¢ in pressurc. - Then,
when you put in the workrsisce rou change the back prossurc. The closcr
the workpices is te the cir jeis,.the morc the chonge ise Srom thot we
have beon able to viork dowm te o half of o tenth in aceouracy, 2Air,
surprisingly, is that accurzie.
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Another thing we overcome very l:rgel with the air gage is the
tomyoruture effcete The apparatus I heve here this morning is a dupiica-
tion of 2 job being dore for thie Chrysler Compomy oub in Indisns=—making

. "fou get absolute diamctcr, you ecatch ovality, tancr,
secentricity, and tonsion with this apporatus.

The first “trick to master, of course, is to set the basic size.
Tb % iz vhat this thing is here (irndicating)e By sliding that scale o

ittle, that water goes down to there (indiesting). Perheops some of you
covld not sae it It is at vhat we ccll "zero.” That is the basic gize
that we wonts. All the coerator has to do is to put the picce in there
’1rd10uu1ﬂg" that picce is o couple of tenths oversize, and 1T his gye
is guicke~l1t usually is--ns he slides the piece through he will cotch
the taper, He will scc 1% move on the little digl. Then, iT he twists
the »ieee, 25 he uwsually docs, he will catch the ovalityr,

This particular apporatus wias seb up rizht by the “centerless!
crirder. &s the picces came off the grinder they wzre fed through the
gr.ec.  As fast zs they come off the grinder, they were immedintely
discorded or uszd right thoree Thatls all therc =ms to it. It zot oub-
cf=round, taper, and all the elomenis they wanted in onc bunch.

-

There, briefly, is cirx grging. You con fovobj, rithin renson,
dirt ond grease. All you rsed to do is to throw the picce at ite Any
Teol con use it after it is once meostercde

© The next things I want to point oui ~re the clectrical gopges.
Alsc, I wart to mention a trend in gaging which is coming along, That
trend is to moke gaging apparatus which will fit on or over the work,
in some way, right while it is being ground or turned. In othor ords,
it zhges the picce that is being forme This {indicoting) is part of a -
grind they have which is suspended on thu grindings machine. It is out on
he Dlncb, beside the vhecl, close to the vheel, ond the coolant flows over

b ot

9
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Now we can add to it this (indicating) clecetrieal arrangement,
{You can recd it 21l on the 1rdﬂc“uor, but we odd this clectrical
arrargomente. ) If he grinds ~nd zete o the "groon," he is alrecdy nonr
to size. Vhen he gets t2 the "red," he is ot size. 211 he hos to do is
just wateh tho lights and thore he ize He doesn't cvor have to bother

locking ot 2 necdle.

You hsvc tronsmitted cn impulse hcre, Tou cxn build up that
inmpulse through rolaJS. The reluys, in turn, will slow the machine downm
to half speed, right here (indicoting), and r*ﬁht rore (Sndicating) i%
retroets the wheel ond stops the machine., Ve hnve an apporotus like this
a2t one of the Chovrolet plants, for instance, That plont is doing a
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corpletely motorized job on cranlkshofis, vhore one girl stends aznd
pushes a bubion 2nd on auterotic eorveyer o inws o cronkshalt over here,
puts it into the rachine, (She dots have io turn two lovers, & think,

ol scme of tncs;a) liowr she pushes thc'buutnn, in goes bthe wheel; the
mrchine stopss The vwhoeel is reirncted, The auhbometlc convoyer cormes in,
plcks up *“he crankshaft, znd carries it on to the next operntion.

Well, I hove token you sentlomern dovm to o holf o tonth of 2
thousandth of a dincnsion, That is the best air goging con do. thn
wvou get below the tonth figure, you wart to stort thirking of something
bP81a0a mechanicol indicoters, ‘nikaos,! and thirgs of thot naturs,

Ineidentally, the oir gage is the orly knovm solution, un to dote, for
borcs. So far this morning te have bacn t:lking about the O, Dn Tro
next thing is ai I. D., a bore. iith the air sape you hove no rapipula-
tions, mo worrice, It is the "eure" for boring (if I con oub it that way)
coenformonce, Dontt lebv tiher kid you that they are boo exponsive.
1;’cv"mb s et T soid esvlier, That 410 g srge over there (indicnting) is
ruch more expensive than this $350 pieeo cf epparetus here, if you are
concernca with 'ﬁtui.g arcund 99 percent of your product richt. In-
cidentally, this, in the honds of an operater, will elinminate that
tremendous inS;cction nay roll you hove, and a lob ¢f other Hidngs.

flext we come duwn te millionths, g ha wo bagic things.
Cne of then I cantt show you here, thai 1s, bc usc of Iigrd wnves
(the specirescope,. Thors is an instruwsent where you actuclly eount
light waves, You con measuxc millicntks very rea ilj if yeu have the
apparatus, I think there arc ten or fifteen of then in the United Sictes,

Fror: these have comas the tk“n" mevm zs "Jo" blocké. Ther will
gob you an accurccy of about tro one-millionths of an inch, This oné
(indieating) soys onc inch, This one (1rulcn ing) snys half an inche

»

You arc able to Link the two of then together and huve an dinen and 2
half to an accurccy of a couple of ﬂllﬁlﬂntﬁu. ¥ou con build Shese up
to ary lengths.

There is cne basic thingz in méasurcrment: Lfon't Jet any shop
that you have anything to do with, if you -wre working closcer thon &
thousondth of 2n inch, oo a_ong wlthcut whe proper cguipment in sage
blocks, InClﬂ@ﬂULLly, these things wear almest immedictely, You den't
know just when they are off. So the trick is always te have %o sets:
Cne thot you use £ refercnee, to know wheilher and vhen this 3¢t ds
worn; vhen this seb 1s worn, zob in anothor onc, BDub they ore definitely
the things to have,

Woll, coming clesc o that and coming close to millilonths of an
inch is the clecironic system, which is 1llustrsied dn this instrument
here (indicating). It combines one or twe fectures of the ordinary

radio sch.
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" The meche nlcs of the clectronic syster is o spindle, rizht here
(indic«tjng), vitich moves up nnd &own ] oTo s any gosint coliper.
A5 that splnd’o roves up’ ~nd dovm, it chnngos o systeom of eondernsers

insida here (3 qdlc"*lﬂ_u}, and thnt dimpulse, or change, 15 taken over o a

w

pox vhich is full of radio tubess The radio tubes tronsmit tho rensurc—

-
rent, then, to the nthy te the lighis, or anything: clse you want. This
anparatus and mest ricecs of apraratus like it cre built so that you can

neasure o an over-oll telerrnes of throe one~thoustndthsy or, by click-
ing o 1iddle switch herc {indicnting), te cne=thousandth, or 4o an over-

all tolerance of three--tomths, or te an over-nll-icleorance of sne-bonthe
Then you have an over-:ll tolerance of onc~tenth, rou can read your
nillicrths of an inch on the scolee

“When ¥ heve it pro DO“lf sety, 211 I nce? to do is hold ny hond So
within half an dinch of that instrument, or even stond close to it, 2nd
vou will sec this begin to move. Thot is the’offuct of tenperature,
When you are working in millienths of an inch, gentlonen, you have a very
touchy 51tu”*1ono Lot us not be glib about it, '

This anporatus (irdienting) hos sore ndvantages which are
anparent to the cvereso won, after zou shew thenm. In the first ploce,
2ll you nced to de, asswiinz this is the raster picee, is sct txe instru-
pent mochanically so that the indicotor shows on the dial, and then we

sct our zere clectrically. (7. Kernedy made an adjusiront on the
apparatus. ) 4£11 I ¢ic was turn thot and getb the wand o zoro. that is
ry naster dinension. Iror then on things will be plus or ninus Zoroe

I can set the tolerancos by novinz the 1itvle toloranee levers hiore
indicoting)e I con sinuinte nocsurcnonis, as if I werd sutting other
zcd pieces in thore, by chon~ing this dincnsicn, (Mre Hernedy mode

n adjustoont.) You notice tic Lirhi cLM od jvst then. I hove reachked
ne of thcoo tulnruncvu. It is about minus o theusande. Mow I +ill turn
that the other woy (Mr. Konnedy adjusted thc picce)e. Scmevherco, rishd in
there, I noved it too faste Rizht there (dndicating) I kit the other
tolerance of aboubt nius a thousawd. '
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Now that my instruscab le set, I cen o baclk to ny uero, here
(irdicating), 2s %FO m on the scalo. T will mase piece alter plece “hiough
there, ard ﬁf they exceed a thousand, elther side, one or the ovhar iicht
will go on. You een kavs it blow a horm or ring 2 bell. e have bl%nd
scople operating these instrunentz, By woaring esrchones, wn& tc?a in

tke phore tells them where they sre, 2 Shi: s of that "ature. ‘
this apraratus herc {irticating) vou can bu1¢u it up te do oanyi

VAY S .

The machire that 2ol Lo haVe tere tnday s oot o
(irdiecating)e Jt is for 1¢—b€;?l racss. The races oo cirioshie
rop intoe a oper, go +br3n;h arn anppur < tivig

conveyer line, d
n bagi

3 3
i ~ o
(indicating), and come back out of ths nachine all sorted in graces of




ten one—millionths, aporoxirately, ready for asscmbly, It is just as

automatic zg Lhat, provided you have 2 pows how to set it

There vers supnosed to b2, in the Lox cutside of the :udito*iun
where you got n5e Looxs you rave, sone plcturss describling
I dorn'i krmow whother that portlculsr packass vns dlscoverse,

You cen get them on your wn; out. Hers arc a ; rhouwrrﬂwés: ihis i
onz fromr the Esterbrool Fen Company; one Trom scme of the automobile
enothier one, an exneriment on autowatlc geges, illustraiing

" Ul

commania
N
T

H
soz the: developmerts Irowm this peint herga

the tixe lirit z2llicwed here. I was rezulnﬁ t“ othcr dar t:zﬁ if
orater tzlxed at the top of bhis voice for ar heur, and if his =zus
collacted all thet energy he ~xpendsa and converted it into usoful
leilowatt~hours, it would bz worth thres cents. I hope Fou aavae gotien
more wnan threc cents? worth out of this.

Thank vou for your atientior, gontiemen, I don't know whoth
you vant te ask any questions nov or Just wha®th nroccdure you wish te
Follew,.

COLOMEL YOIRYs  Centlermen, for “he students, we will leave
copilaes of the nhotegrarchs ia cach one of yeur boaes. “he guosts ey

take svioy conics LY ithey so deosirs,

So far as quastions «ro concerned, Hr, Kennedy hns vory i«
Yo stay over this aftoernoon. We have arrnngec Jor on inio
re The goges will bz ieft here for jour b*ﬂa‘-t. VT witl shard

r discussion vith an explination of wher: quality contre? and inspectien
it irnto 2 mamifacturing orgonizatien, You are 2ll Invit d vo atignd,

ire Fonnedy, on oehalf of the Oollege, T cortainly thunk you for
this nost intoresting display snd for your very insiruciive leclure
Thani you, sir,

(23 Moy 1945==750)S,




