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ERRATA NOTICE

Page 17 Paragraph 4, 4th 1line: 5000 KC should be 5 KC,
Page 18 Paragraph 5, lst line: 1942 should be 1943.
Page 109 Eleventh line down: The word "specified" should be "specifies."

Page 109 First remarks on the page by Mr., Balter: Delete the sentence
"There iz the mere fact it doesn’t wash up as much as one
that is jarred a little bit." Second sentence in these same
remarks should read, "I think the only thing to do is submit
some @amples which we will put in our test chamber and see
if they do age."

Page 112 Paragraph 9 (Mr. Balter's remarke), second sentence should
be: "You can have a temperature controlled box which need
not be larger than a foot square.”
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Crystal Conference (CZontid)

1:15 P.M, The general assembly will disband
and all persons preseant will arrange
themselves into three groups:

a. Une group will discuss DC-34
& DC«35 Crystals in Dining
Room No, 1
b, One group w»ill discuss FT-243
Cryatals 1n the North Ballroom
on the 3rd Floor.
¢. One group will discuss CR-1
and DO-11 Crystals in Dining
Room Ne., 4.

Each of these groups w11l be conducted

by a chairman and a discussion board

as indicated on the following sheets.

It is expected that cuestions arising

from Captain Mitchellls talk on

Specifications «ill be presented for

discussion in these group sessions

rather than in the general session.

4:30 P.M, Farewell & Adjourn
Col, lester J. Harrls
Director, SCIla
{All persons will reassemble into the
North Ballroom for this session)
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Chairman Captain E. F. Mitchell

Discussion Board Consists of: lir. V. Bottom
¥r. W, Scheppele
Captain E. A. Bell
Mr. B, C. Stauffer
Subjects for discussion will be determined by the
above board besed on questions eubmitted to them
by menufacturers and inspectors.
Questions on Specification 71=3046

Chairmen It. R, L. Snyder

Discussion Board Conaiebts ofsg Mr., L. Balter
¥, R, Feldman
Major Dempsey

Mro A, B, Williams
Subjects for Discussion will be determined by the
above board based on guestions submitted to them
by manufacturere and inspectors,

Questions on Specification 71-3046

1SCUSSION OF CR-1 AND DC-11 CRYSTAIS

Chairmen Captain J. E. Fox
Discussion Board Consiste ofs fr. N. Nelson
Mr. H, Waesche
¥r, P, Wiegert
CGaptein G. E, Oster
¥r. A. H, Dicke
Subjects for Discussion will be determined by the
above board based on guestions submitied to them
by manufacturers and inspectors.

AWS Specification Captain J. E. Fox



INTRODUCTORY REMARKS
Col. Lester J. Harris

Director, SCIA

During the past few monthe Allied Armies have met with successes
which two years sgo a large group of people srdently insisted would never
be possible. In any time of great strife there is always this group of
individuals who like all opportunists are guick tc grab at the most meager
of facts and use them to justify all kinds of fantastie predictions.

These opportunists operating without advance planning have been quick
to realize in their unthinking way thet the weve of success which has
accompanied Allied Forces in recent weeks can only mean an ultimate Allled
Victory. In this they are correct; unfortunately however, the enthusiasm
with which they have viewed the successss has caused them to jump to other
conclusions which are wholly unwarranted.

s, They viewed the success of the African campalgn and concluded
therefrom that the so-called 'soft under belly® was ripe for successful
and immediate conguering.

o The fall of Stalingrad to them was conclusive proof that the
Russiang would be in Berlin in a matter of s few days.

©, The invasion of France by Allied Forces has been halled by these
warped imsginatlions as the trigger which will collapse the German Reich, as
instantly as the trigger of a gun fires & bullet,

These sre the conclusions of these whoe would have you believe that the
way is over.

Let us pavse te contrast these conciusicns with the resl situation,
and ag we prepare Lo make thils comparison we will Le wise %o coneclude
without question that the war is not won nor will it be won by the type of
wishful thinking which I have just outlined.

8. It is true we were successful in Worth Afrieca; 1t is true that by
virtue of tremendous sacrifice, brillisnt leadership end months of grueling
hard work we were sble to subdue the Germsn Forces in North Africsa.

b, It is trus that we atbacked the allegedly 'soft under belly! but
fortunately for all of us, when this atback was planned our leaders quite
intelligently redioned with the fact that surrounding this presumably soft
spot was an armor of steel and exactly as bthey expecied the allegedly soft
and mushy tenscle, {taly, which was etlacked developed inte s hardened and
tempered bayonet.

In other words, wishful thinkers who predicted an early end to hostilities
a8 a result of success in Africa, have since been forced to admit that perhaps
they wevre overly optimistic, in like manner the hesty conclusions that gave
rise to & wave of optimiem at the fall of Stelingrad have also been forcefully
invalidated by subseguent events.



Today we find ourselves once again faced with a powerful minority who,
because of the attractiveness of their opinions to the general public are
finding it quite easy to convince their friends that the invasion of Europe
is the signal which will result in the hasty collapse of the entire German
cause,

a. Thay draw their conclusion in spite of the fact that a few days
ago the closest advance of any of the Allied forces was still around 600
miles from Berlin,

b. They draw this conclusion in spite of the fact that our enemies were
st1ill able to hold a geographically small island for 24 days against the best
that the Allies could bring to bear against them. I refer to the island of
Saipan whose capture in the first 14 days of combat cost the United States
6,752 casvalities. In other words, an island in which the first 14 days of
combat crecated casualties at the rate of 696 men per day, and Saipan is still
1500 miles from Tokio.

It should be now obvious thet this war is not over, It should be equally
sbvious that any action which non=thinking optimists take to convincaz the public
that it is over, can only result in increasing the amount of sacrifice and
suffering which we must endure before the war is finally over.

The question then arises, "What can we here at this conference do to
effectively assist in reducing the suffering which must be endured until an
Armistice is signed?”

The answer to that question is fouad in the basic wunderlying purpose for
which this conference is called,

a. We can make a tremendous effort to understand those with whom we
must deal in order to deliver at the time they are needed our quota of crystal
units, It is for the purpose of achieving this understanding that this con-
ference was developed,

It is hoped that this conference will make clears

a. The reasons why crystals must be etched to final frequency.

b,  The reason why crystals must bs inspected in accordance with
Quality Control Technigues.

¢, The rsasons why specifications must be vigorously enforced,

d. And the reasons why many other alleged obstacles must be overcome
if this war is to be won on schedule,

Iet the keynote of this meeting then be, "The war is not over but through

cooperative effort which results from complete understanding, the war will be
won. "

] ?m



INTRODUCTORY REMARKS

Mr, willigm Halligan
The Balllcrafters Co,

folonel Harris, General Colion, Mr. Galvin, Officers, ladies and
Gentlemen of the Signsl Corps and Assembled Crystel Manmufacturerss When I
sz My name on the program to talk to you today, I assumed that I might be
reguired to recite on Orystals, Quartz Cryatals, thelr mamufacture and so
on, so to smarten myself up, I thought I woumld consult the Enclycopedis, and
I read, "Quartz crysitallized in a % # @ rhomhohedral effect of the hexagonal
system®, That kind of threw me, so I thought that becsuse I can do better
with plotures, I would look at some of the pieturss on the page, snd under
the nig. =8 I read thils inscriptions ¥The tmu cryatals shown in Flgures 4
and & are Yanantis morphus®; that is they are "non supposable’®, That is
pratty tough.

e basis is siriated parallel %o thelr edge of incepiion with R and
this servez %o distinguish R and ¥, and thus, in the absence of X faces, to
detinguish left handed or right handed orystalsg,?

>3
@
=

ihy, I 4ldn't read any further, 2 was entirely too
s souple of conclusions, I am golng %o leave it in
er and Fred XKshn who are d@ing a swell Job,

AvR

i was reminded of the pleture g oo ple of years ago confronting General
Colton and the Bignal Qarpsg when they hod the task of conetructing out of
aah@qg an i&ﬁgﬁ

cry 50 produce millions of crystals, «hich, as you folks here

%
know, this Industyy i as done,

ey
e e

eneral Oolton can tell, or could tell if he chose fo, about
that confronted him whep he had thie problem put into his

He had no troined personnel fo make orystals. Quartez, itself, is a
very critical item, as we zll remember. We had no eguipment «ith which to
make crystels, and out of this has been crsated inte what, to my mind, i
truly a miracle of American incentive and industry.

I thirk this eryetel industry iz probably the ocutstanding c@ntrihua
ion or activity in the whole war effort, 3% wad not alone the 3lgnal
rps that did this, They were very expsrily 5@1p@d,by the ﬁonwfac%orag
and I speclfically waent %o pay some tribute $o the Galvin Manufacturing
Company who did, in my ovinlon, a primary job in creating this crysial
industry,

. think $he Hallicrafters Jjob was a very ﬁkﬁw gsecond, sithough I feel
Te rv‘ns-um of whst we have done. As I recall after Blmer Wavering and his
mighty men swept across the country there was very little for the Hallleorafterw.




Introductory Remarks (Cont®d)

Put I might say that Elmer and his crew did a very, very marvelous and
thorough job. Somehow we survived and I think we have contributed, as I
say, in a seccndary way.

Now about thsese meetings we are attending here. Colonel Harris has
t0ld you the nature of them. Our Mr. Sauer has rather outlined to me
what we can expect, and I look back on the few years of this crystal
activity, and I know lots of us, - most of us, = felt pretty much frus-
trated at all these Signal Corns specifications, and it seemed to us
every possible impediment to our progress, everything we wanted to do,
wag hindered. They seemed to throw things a2t us. But, looking back
with a 1ot of satisfaction, we seemed to survive zll of these diffi-
culties, and I know whatever you might encounter at these meetings, -
you might feel some modicum of resentment to, - live it down.

Do your best. Get in and vut the same sincere effort behind it
we have, and we intend to.

There were some things Colonel Harrls mentioned in his tallk just
a moment ago. He mentioned France and Ssipan. It jusgt so happens, - if
veu will indulge me a lititle bit, -« I got a letter from my brother, a
doughboy in France, telling me of some of the wvicissitudes of that kind
of operation, and my ewn son is in the nelghborhood of Saipan. He has
been out there a long time. In both places the golng is very, very

tough.

I don't need %to tell you it is my perscnal determination to knock
the living hell out of this thing to get the crystals out and the other
equipment we are regquired to get out. I think you can see from the per-
sonel angle I have on the war, I am golng to do just that. I look to
you folks to do the exact same thing.

Thank you very much.

e«;gw



INTRODUCTORY REMARXS

Mr, P, V. Galvin
Galvin Manufacturing Corporation

Colonel Harvig, General Colton, Members of the Military, Crystal
Monufacturerss Elmer Wavering informed me there was going to be the
progpect of doing some crystal business down here this morning. 1 got
down here ressonably early, btut I found Bill Halligan had all of the
orderse,

There were no orders left for me so I want to make a fer remarks
to you, and bow cus, Buat I do welcome thiz opportunity to meet with this
roup for the first time. I know quite a number of you, and I know about
nost of you. I know about those of you that are in our crystal plcture.

To you in particular, and to all in general, I want to extend my

gratitude far the fine support that you have gliven us in ailding us in
discharging cur responsibility that we tock on when we went into the
serving of the war effort

hearken back %o the time when we first gzot into our war effort,
ged to the crystal problem, There was no crystal industry
seguency at that time, Just a emall 1ittle industry, from a
tandpoing,

I rememter one of the first contacts I had in the mafter was a
atural, normal one, with George Wright. In sur conversation I
srge Wright that in a conversation I had -4th General Colton that
n expectancy that in gquite the immediate future there would

he G80,000 erystals,

fn the tasis of the amount of eryztal business that George had been
doing up to that time, - and he was no small mapufacturer in the crystal
wasiness back at that time in %41, - he asked me if 1% would be possible
to pat sz ﬂ‘«FaLﬁééﬂ letter from President Rocsevelt that there was going
to be 850,000 cryzitals boughts that he would have %o irite that kind of
s letter bhmeck %o his Treasurer before they would ever think about expand-
ing inte that tremendous, great business,

Well it come %o pass that sbout 90 days after that General Colton
placed an order for 1,200,000 crystals in our laps, and I lsoked and
Linked and started to ask the Genersl how he thought we ought to go
about that, and quick on the trigger as he alwaye is he said, "Walt a

¢, wyou are indusirialists; you avre going to answer this guestion.
industrialiets and take this thing and work it out yourselves,
and see how good industrialists you are,”

Hc we were literally dropped into the crystal business in that
fashlon. I leok back and think our pelicy has been a wise one. Truly
we d14n't get a lot of eryetal mamufacturers together, but we got a lot

of smerican ingenulty together,

=10



Introductory Remarks (Cont'd)

I think that if a Lot of you fellows had loocked in the dictionary
befere you went inte the crystal industry and found hat Bill Nalligan
did, you would have shied off. You would have been afrald to go into
the erystal business, tut you went into it because you didn®t know any
better, - most of you. You had better stay in it, and had better get
into {¢ deeper,

There is going to be a trend I can see woven through this meeting, -
probably there is a good reason for it. We Americans are a funny race of
rascals; we are extremists, - extremists in every dlrection. It is
possible that therz may be too extreme a swing toward this so-called
postwar planning.

Well 28 I see the problem for you fellows you must do a little
rostwar dresaming and thinking, but don®t let it take a minute of your
active efforts away from this Job. The very fact that there is this
type of conference at this time, indicates the momentum of our task.

Many of you fellows have come = long way in learning a lot about
the crystal business. We all have come a long way in learning a lot
about the erystal making business, tut there is a lot more that we will
have to learn about the crystal business, because I don't think sverybody,
or hardly anybody knows all there is to know about the crysital tusiness.
We are all learning together, the laboratories and curselves, and it 1s
these meetings that are going to vut us all together in the best possible
position to serve the using arm. Mundamentally, that is our cbjective.

If we make the crystals for them, we must continue to seek to make
better orystals. We are learning tc make better erystals., We are going
to have o lesrn o work with better inspecticns. We counsel conservatism
on everybodylz part, including the laboratory. Letls all work out these
vrobiong bogether, end continue teo do a goed Job in serving the Armed Forees,

I thank you.

m:lli-‘-’”



INTRODUCTORY RIMARKS

Major Ceneral Roger B, Colton
(rhief, Engineering & Technical Service

Colonel Harris, ladies and Gentlemen: It 1s a great pleasure to be
here. When we started in the cryestal business, we started other people
in the crystzal business, Some two and one-half years ago, I think that
about as many crystals had been ground in this country as there are people
In this room. ¥Net far different.

Yo one believed originally that we could get out enmough crystals, -
but you did get them. You people here are the people, for the most part,
who mede the crystsls. I have a very warm spot in my heart for &ll of you.

Some of you made lamp shades; some of you, I belleve, ran garages,
and some,; I believe, even cut tombstones, Those who cut tombstones, knew
more about rocks than I did.

In the last two and one-half years we have learnsd o lot about
crystale, even the 0ld timers who thought that they knew all about them,
and we heve more tc learn before all of our problems are solved.

For instance I am reminded that I was reliably informed that one of
the suestions before the house was, Yan obvious scrateh', Is that correct
Major? The maln thing is, we got the crystals, and we are still getting
them, and by and large they are doing the Jjob that they were meant to do.

Qur decision tc go into crystal controlied redios for widespread
tactical use has been more than jJustified by the results obtained. The
Army had radio before they had crystals. Now the Army has communications.
That®s the difference. Orystals gave us communications,

The advantage of precise and constant freguency control, together
with the ease of reading, have given a reliability to our radic cormuni-
cations, which make them gecond to none in the World,

The chief Jlsadvantage in the cryetal control are those incident to
supply, which you pecple have solved, and distribution, which 1s the Jod
of the Signal Corps, which it has undertaken and on the whole, has done
falirly well.

In this commection, General Forrestis famous remark about getting
there, Yfustest with the mostest¥ does not mean much gpplied to crystals,
unless they are for the right radio sets and on the right frequenciles,

Purthermore, they have to work «hen you get them there, so if you
think you have your troubles, remember the Army has had 1ts troubles and
its difficulties and probleme too in dlstributing the millions of erystals
to the (ifferent theatres for the right sets, on the right frequency, and
at the right time,


http:decis1.on

Introductory Remarks (Continued)

When Major Marks and I were in England and Italy last spring, we
personally checked on the signal corps equipment, not only the major
signal corps equipment, but the various components and especially crystals.

In general, I found that the supply was adequate. I found some
bad crystals that I wish I had not found, but the supnly of good ones
was, in almost all cases, enough to make up the result of somebody's
carelessness,

On the Anzio Beachhead, and from Africa to England, every theatre
commander I talked to, and I talked to Colonel Theodore Roosevelt, General
Eaker, General Clark, General Bradley, General Huebner, all of those
people who are now fighting in Italy and in France. All of these com=-
manders were full of praise for Signal Corps equipment. However, we must
remember that that theatre is quite different from some of our other
theatres, in the Southwest Pacific and China, Burma and India, where high
temperatures and humidity are prevalent. We have received reports that
we can expect more defective crystals under our present standard, which
is the reason we are increasing our standard, - one reason,

Not all of these failures are due to aging. Some of them must be
attributed to such things as wrong frequency stamped on, careless assembly,
plain dirt, - I could tell you some of the other things that make the
crystals break down, but we will skip them., You all know them,

Consequently, while you are discussing your problems in the Inspec-
tion Agency and laboratories, just remember that a defective crystal in the
Burmese Jungle is no help to anybody, and may, in fact, be the cause of
the loss of life and the loss of tactical advantage.

Improvement in the general quality of crystals is not just somebody's
dream, It is a military necessity. Two and one-half years ago, we were
faced with the necessity of getting ocut crystals in unheard of quantities,
and it was far better to have a large number, - an adequate number, - if
not such good crystals, than to have a large proportion of our radio sets
without crystals at all. That phase is passed,

You gentlemen have now demonstrated your ability to build crystals
in quantity by actually doing so. 1 believe that you have also demonstrated
to yourselves your ability to make these crystals, high quality crystals.

I hope and believe that you gentlemen all feel a personal responsi-
bility for every radio set that is imperfect due to a defective crystal,
as I do, and as all of the members of the Engineering and Tactical Services
of the Signal Corps do, and as I am sure all of the members of your Inspec-
tion Agency does. If the set fails it is our fault. Ve cannot escane it.
It is our fault,

If a crystal is not exactly on a frequency, communications will

fail at extreme range. And if a set isn't on the exact frequency, communi-
cations will fail at extreme range,

- 13 -



Introductory Remarks (Continued)

Some of you, who are radio engineers, may dispute that, but if
you will think it over, when you are working on a radio net, if one of
the sets of crystals is not exactly on frequency, communication fails,
at extreme range., If it is too badly off frequency, communication, of
course, fails at all ranges. Of course you can still talk over the
radio set, but nobodngﬁ? here to hear you, so you might just as well
not have any crystal uﬁ?qg}*ﬁ”’qd

Of course if a crystal loses its activity or badly shifts its
frequency in the process of aging, communication is never established
by that crystal. I am glad to say that failures of this kind have not
been very large under actual field conditions, but gentlemen, a few
failures of communications mean the loss of a few battles, and I am
sure that neither you nor I wish to lose even a few battles.

Even a few battles lost means many lives lost, even though we
win the war in the end. The crystal industry is now one of the most
cooperative of all the industries with which I have to deal. The team-
work between the crystal industry and the Signal Corps is splendid. I
am confident that it will continue to be snlendid.

-1 -



MINUTES OF DAYTON CONFERENCE
OF 7 AND 8 NAY 1944
Mr. N, J. LAUB
CHICAGO SCIZ

Mr. Nick J. Laub of the Chicago Signal Corps Inspection Zone reviewed
briefly, the minutes of the Signal Corps Conference held at the Signal
Corps Inspection Agency Headquarters, on the 7 and 8 May 1944, for the
purpose of discussing various problems arising in the inspection of
Crystal Units,

Some of the problems discussed at the Dayton Conference were:

1, Installation of Sampling Procedures designed to comply with
requirements of Quality Control procedures being applied to acceptance
tests as conducted by Signal Corps Inspectors,

2. It was decided that the use of different sample groups may
be used for the various acceptance tests listed in Specification No.
71-3046, except that the same sample group must be used for the drop,
vibration, seal, and immersion tests, and in the order listed.

3. A new standard test oscillator, AN/TSki-1 for use in inspec-
ting CR-1 Crystal Units, is to be distributed in the very near future
by the Laboratories. The new test set is of an improved design and
free from many of the prominent defects of the older type. The corre-
lation of the new oscillator will be maintained by the Camp Coles
Signal Laboratory, and not the Aircraft Radio Laboratory. The test
sets are to be shipped directly to the inspector-in-charge at each
plant manufacturing CR-1] Crystal Units.

L. At the termination of each pilot run, on all types of Crystal
Units, a conference will be held between the pilot run engineer, the
contractor or sub-contractor, the Signal Corps Inspector in Charge and
if possible, the Zone Crystal Coordinator. The Inspection Instructions,
manufacturing procedurses, and applicable specifications will be reviewed
and discussed at the meeting, and an agreement, among all those concerned,
must be reached before termination of the pilot run,

5. Crystal activity may drift when the crystsl is inserted into a
test oscillator for measurement, It was agreed that such Crystals will
be acceptable providing the activity does not drift below the specified
minimum activity requirements,

€. Clarification of the term "Rework" was established. The term
"Rework" as it applies to the repair of a Crystal Unit, means the making
of physical changes of the quartz crystal, its holder, or other parts
that will effect the conditions for which the Crystal Unit was rejected.

7. The interpretetion of the reguirements of the Mechanical Visual
Inspection Clauses of the various specifications were clarified. It will
be acceptable to accept more than one defect in a given sample lot, pro-
viding that no specific defect occurs more than once within the sample

-15 -



Minutes of Dayton Conference of 7 & 8 May (Continued)

lot. The presence of any defect more than once within the sample lot
automatically requires rejection of the crystals represented by that
sample lot.

Questions submitted to Mr. Laub at the close of his speech were:

1. 1Is the new test oscillator to be used only as a reference test
oscillator?

Yes, it will be used only to check the correlation of the
working test oscillator.

2. How does a contractor obtain a test oscillator when it is
required to be used in manufacturing preproduction samples of a new
type?

The test sets may be obtained by requesting the Signal Corps
Inspector to forward his request through the proper channels to the
Laboratory.,

3. What becomes of sample Crystal Units forwarded to the Labo-
ratories for various tests?

The samples that have been tested by the Laboratory are to

be returned directly to the inspector-in-charge at the plant where
the Crystals are manufactured.

- 16 =



EFFECTS OF PROPER CLEANING METHODS
MR. H. WAESCHE, ENGINEER
CRYSTAL SECTION, ARL

Colonel Harris, Ladies and Gentlemen:

1. My talk was to be the effect of Crystal Cleaning. What I
would like to do is give a resume of how we got into this cleaning of
Signal Corps test. Some of the things we found out made it necessary
for the Laboratory to have the Crystal Wash Test.

2. Now to start off by going back and giving a resume of the
things that happened in the Crystal Industry. Cleaning was somewhat
overlooked in the rush to get crystals with more obvious requirements
emphasized with such things ss X-Ray Orientation Methods, securing of
manufacturing equipment, conservation of quartz overshadowing all other
factors in spite of a few voices in the wilderness calling for greater
emphasis of what then seemed like minor details involving greater qual-
ity control. The industry, of course, responded magnificently with
production miracles, despite the inexperience of the majority. However,
as time went on, quantity was not enough and the pendulum began to swing
toward the direction of quality even if it meant reduced production;
dependable crystal units were more important than - just crystal units.

3. In July - September, 1942, a handbook was issued, based on
manufacturing procedures of that date for manufacturing quartz oscilla=-
tor plates, by the Office of the Chief Signal Officer. It was recognized
that cleanliness was important to prevent aging. It was recommended that
carbon tetrachloride and water rinse with "lint-free" towels for drying
and final drying with clean compressed air should be used. This was also
to apply to the case and electrodes. Aging was recognized by all, some
heated the blanks to cure it, some just finished the unit a few hundred
cycles low and allowed them to go to a higher frequency, of course the
activity dropped but that was just one of those things.

4. Then between December 1942 and April 1943 one manufacturer
independently investigated some crystal units from their own stock and
other sources and discovered that by washing some crystal units, changes
as high as 5000 kc were obtained., Further investigation showed that the
crystal units could readily be manufactured so that a maximum change of
plus 800 cycles would result if the oscillator plate was washed and re-
assembled, provided the crystal had been washed with soap and water and
dried on a towel without rubbing. The crystals which changed frequency
by several kc. turned out to be those which had been rubbed with towels
during the final drying. The same manufacturer attempted then to show
that a crystal would have a greater frequency drift with age, but to
their consternation the frequency stability was greater than with non-
towelled crystals. This situation led to a feeling of false security
in spite of the fact that it was known that any moisture reaching the
plate would immediately destroy the loading effects and the crystal unit
would shift in proportion to the loading to a higher frequency. But then,
the crystal unit was inside a case and besides the specifications for
crystal units completely ignored such conditions.
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Effects of Proper Cleaning Methods (Continued)

5. In April 1942 reports reached the Aircraft Radio Laboratory,
then about to embark on its CR-1 Program, that certain manufacturers
were using a "Lint-Free" cloth, which when rubbed on the dry quartz
plate would set the frequency most anywhere desired - that is within
reason, Also cigarette ashes, starched towels and other media could
be and obviously were being used to attain the same results in varying
degrees. The Aircraft Radio Laboratory immediately advised the Con-
tracting Officer that they did not consider this an acceptable manu-
facturing practice based on their requirements and simultaneously this
was confirmed independently by data submitted through Signal Corps In-
spectors at the Company referred to previously., These Signal Corps
Inspectors requested an interpretation from the Laboratory because the
specifications did not specifically cover loading practices. The Labo-
ratory immediately invoked the good workmanship clause of the DC=11 and
CR-1 Specifications and requested, through the Contracting Officer, that
all loading by means of towels or otherwise be declared unacceptable.

6. As of this time, cleaning and aging were not too well tied
together. A report of a Signal Corps Conference of 10 May 1943 refers
to disturbed surface layers of quartz and their effect on aging, but
there was little or no reference to aging resulting from loading and/or
dirt., Some mention was made of cleaning solutions,

7. Soon after this, Supplement No. 3 to the latest Signal Corps
handbook, entitled "Salvage of Quartz and Reclamation of Blanks" was
issued. A paragraph in this publication by the Chief Signal Office
stated that a thorough cleaning of crystals would improve their sta-
bility and activity. A cleaning solution, that later proved inferior
to the toothbrush, soap and water method, was recommended but it was
a step in the right direction but, apparently like other cleanliness
recommendations, was unheeded by all but a very few manufacturers.

8. Late in June 1943, the Aircraft Radio Laboratory embarked on
its CR-1 Pilot Runs. These were now new ventures, both for the Signal
Corps and the manufacturers. One thing among others the Aircraft Radio
Laboratory was determined to have clean crystals, and they never relaxed
on that point., When the Aircraft Redio Lai-ratory Field Engineer arrived
in Chicago, he found a kindred spirit in a Signal Corps Roving Inspector
for Crystals, who was determined to wash crystals with a toothtrush. The
Aircraft Radio Laboratory Field Engineer thought this was a good idea but
a big jump to introduce too suddenly. However, this inspector was quite
convinced, had done considerable experimental work which showed that the
crystal units, which had been properly cleaned, could be expected to
shift not more than plus 350 cycles when scrubbed with a toothbrush and
soap and water., The Aircraft Radio Laboratory Field Engineer felt that
the step toward a cleaning test should be made gradually and that, after
all, the main thing to eliminate was "loading" the crystal to adjust the
frequency. To this end, a compromise test was set up in the preliminary
Signal Corps test procedures, requiring that the Signal Corps Inspector
merely dip the crystal in water, carbon tetrachloride, alcohol, benzine,
after having measured the frequency before dipping. After reassembly
the crystal must not have changed more than 500 cycles. The Signal Corps
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Effects of Proper Cleaning Methods {Continued)

Inspector was still for the toothbrush and actually he knew what he was
talking about, but compromised on the dipping test.

9. This procedure was short lived. The CH=1 production was behind
schedule and Pilot Run complications, which appeared to be slowing down
production, resulted in a conference in Chicago, 10-13 July 1943 between
CR-1 manufacturers, representatives of the Chicago Signal Corps Inspec=
tion Zone, the Office of the Chief Signal Officer and Camp Coles. At
this conference interpretations of the (R-1 Specifications were gone over
and the ground work laid for revised Inspsction Instructions. The question
of cleaning test was introduced and opposition from the manufacturers was
great, Other Signal Corps Agencies, other than Aircraft Radio Laboratory,
concurred with the manufacturers in that a crystal unit should not be
opened for cleaning and that if it operated satisfactorily in Signal Corps
tests, it should be acceptable regardless of loading or dirt. Consequently,
all tests of this nature were deleted from the Inspection Instructions,

The Aircraft Radio Laboratory Engineers were not convinced that some control
over cleaning should not be exerted., The representative inspector of the
Chicago Signal Corps Inspection Zone, having gone to Kansas City, was
definitely not convinced, Comsequently, in all plsnts where Pilot Runs
were in progress and in subsequent Pilot Huns, representative crystals
were subjected to water or other dip and if they shifted in frequency a
ke. or more the plants final cleaning processes were not approved until
the crystal plates could pass this Pilot Run test, Finishing and cleaning
procedures were approved. It might be stated that one Chicago CR-l manu=
facturer also realized the importance of clesnliness and preferred to
voluntarily rework several thousgand crvstal units when it was found that

a large percent of his erystal units shifted alter dipping even though

he could have objected strenucusly,

10, For the next two months all was relatively quiet on the crystal
cleaning front. This was merely the calm before the hurricane,

11, On 9 August 1943 Aircraft Hadio Leboratory recelved report of
certain defective crystal units from the using forces,

12, On 30 August 1943 the same report was again received,

13, On 11 September 1943 a letter was issued to all manufacturers by
the Office of the Chief Signal Officer werning manufacturers of loading
crystals, which was a seriocus business and prosecution could result,

14, On 24 September 1943 one manufacturer reported that if he must
clean his crystals as the Signel Corps wanted that he would have his pro-
duction reduced by 50%.

15, Meanwhile an Aircraft Field Enginesr wag sent to investigate
reports from the using forces that many air force crystals were not usable.
His investigation resulted in his return to headquarters and investigation
of Depot "S" stocks followed. A large quantity of Depot Stock was found
to be defective because of aging. In some cases 80 %o 90 percent of a lot
of units was defective, All Aircraft Radio Laboratory Field Engineers were
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Effects of Proper Cleaning Methods (Continued)

armed with toothbrushes and the first crystal washing test, as incorpo-
rated in a letter to the Contracting Officer dated 25 September 1943, was
put into immediate effect by Aircraft Radio Laboratory Field Engineers,
although time was allowed for the manufacturer to adjust his procedures
to comply. Actually, except during Pilot Runs, this letter acted only as
a lever to change the CR-1 manufacturers over to better cleaning methods
for gathering information on just what could be attained in production,
A tentative limit of 600 cycles change was allowed after scrubbing with
a neutral soap and water and toothbrush, A second procedure, dated 28
February 1944, was issued and the cleaning test was armed by rejection
limits slightly more lenient than in the original letter at the higher
frequencies, Also, in the new letter, a detergent soap was specified.
This was done because the original test, whereby the first procedure

had resulted, had been performed using the soft water of New York City.
It was discovered that ordinary soap and other water would tend to load
the crystal. The detergent soaps appear to have corrected this condi-
tion., Simultaneously, with the development of the cleaning procedures,
the Aircraft Radio Laboratory became aware of the probability that the
cleaning of crystal units alone did not cure aging. It vastly improved
the unit, but if moisture should happen to reach the plate, then aging
would be accelerated. Checks during Pilot Runs of crystals, which had
been etched to final frequency versus those not etched to frequency as
well as controlled lapping procedures suggested that etching and con-
trolled lapped crystal units were superior relative to aging charac-
teristics. A check at one of the contractor's plants, where records on
etched and unetched crystal units had been kept, suggested that etching
would improve its use. All CR-1 manufacturers were, therefore, encour-
aged to etch and to clean the crystal thoroughly as well as use con-
trolled lapping methods. These suppositions by Aircraft Radio Laboratory
were confirmed by letter by experimental evidence from Camp Coles. That
Laboratory likewise confirmed that cleaned crystals were less subject to
aging but not free of this characteristic if the crystal unit was sub-
jected to high humidity.

16. In order to check on crystal quality being manufactured after
October 1943, Aircraft Radio Laboratory selected samples of all the stock
of CR-1 received at the Depot and subjected them to special tests to
determine their aging. As a part of these tests some crystal units were
washed. Almost no dead crystals were encountered. At the present time,
all Depot Stock is tested in Signal Corps Standard Test Sets for activity
only, before shipment.

17. Frequency is one of the most important things. Etching and
cleaning maintain frequency regardless of conditions. (Mr. Waesche
cited several illustrations: "We have tested one thousand nine hundred
and 41 (1,941) crystals of various CR-1 plants, and out of this only 13
failed in 6, 7 and 8 megacycle range. We have washed something like
three hundred and fifteen (315) CR-1 crystals from various manufacturers.
Presumably these crystals I am referring to were all put into the Depot
after approved washing technique had started. Average for crystals of
5 and 6 thousand kc. range was a change of 230 cycles. For 6/ units
7000 kc. change was 386 cycles.) We do not expect to use cleaning to



Effects of Proper Cleaning Methods (Continued)

offset etching, or any other requirement. Cleaning waes just an inter-

mediate measure until we could get a test by Camp Coles to put etching

into effect, In spite of the fact that the picture here presented is

much rosier, it behooves none of us to relax on the problem of cleanli-
ness.
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SURVEY OF PROBLEM OF STABILITY
OF QUARTZ CRYSTAL UNITS
Dr. K, S. Van Dyke
Chief Physicist, Crystal
Section, Engineering &
Technical Service, 0CSig0

1. It is clear to everyone that we use quartz crystal units in
the belief that they are stable, that their frequencies remain constant
both during our immediate use of them and for a long period thereafter,
In addition to this stability, it is true, there are a number of other
features which are definitely contributory to their acceptability as fre-
quency determining elements of radio circuits. Among these may be men-
tloned, the space factor, the ease of switching from channel to channel,
and the speed of netting. But valuable as these other features are,
there stands out, in any consideration of the question of building the
radio circuit around a quartz crystsl, the assumption that the quartz
crystal unit, and above all, the quartz itself, is statle,

2. In the general stability problem, whether it involves the con-
stancy of the quartz, or the effect of circuit varistions on the fre-
quency of oscillaticn, the blame for instability must be placed variously
where it belongs on the several elements, quartz, holder, circuit, de-
sign, etc, For convenience, we shall divide the problem into two parts,
one specific, the other more general, Stability during any one operation
of a crystal unit in a single circuit requires that a crystal's proper-
ties shall not change by its own self-heating, that it start to oscillate
each time in the same mode of vibration and continue so, and that the
crystal have great stabilizing power in over-riding circuit fluctuations.
The broader problem requires identical performence under different oper-
ating conditions such as different temperatures over a whole range of
ambients, or when plugged into different circuits, and in its oscilla-
tion next year as compared with today. The last of these, which concerns
the permanency of the crystal unit, will be recognized as the so~called
aging problem which has caused concern to so many of us over the past
year. This matter of permanence will be our major topic for considera-
tion, The others are listed to place the aging of crystal units in its
proper setting as but one of the factcrs in the general problem of gen-
erating constent and precise frequencies,

3. It mgy shock some of us to recall that there was a day when
some people thought the quartz crystal to be almost too fixed and too
permanent a device, It was new to have & radio frequency circuit ele-
ment which one could not tune or adjust and the amateur of the mid '20's
fretted particularly with the problem of over-grinding., Perhaps some
of you recell cartoons and wisecracks in QST of that time illustrating
difficulties of putting quartz back onto the crystal after it had been
ground off, Lowering the frequency of a crystal after it has once been
cut has alwgys been a problem, In answer to the early prayer of the
ameteur's cartoons we have Dr. Frondel’s recent discovery of a way to
produce a moderate downward adjustment of the frequency, As is familiar
to you all, by X-ray treatment he changes the internal properties of the
crystalline quartz, as if making it less stiff in its elasticity, so that

is selects a lower frequency,



Survey of Problem of Stability of Quartz Crystal Units (Continued)

4. During the past year we have become particularly consciocus of
what some assumed to be a natural tendency of a quartz plate to move up-
ward in frequency with age; the quartz to become elastically stiffer, as
it were. It is true that in many crystals the frequency does rise as
time goes on, but it ig not in this case a property of the rock which is
changing but its surface which is sloughing off, Sad experience teaches
us that certain precautions in preparing this surface are essential if
the frequency of a quartz crystal is to be the fixed thing we had thought
it to be,

5, In considering the permanence of a crystal unit it will be well
to defer those effects which are due to the presence of the holder until
after we have discussed the permanence of the quartz plate itself, As
has just been indicated, the key to permanence of the frequency determine
ing piece of quartz is now known to be its surface. The careful study of
this problem at Camp Coles Signal Laboratory and the correlated as well
a8 independent studies in other laboratories and plants all furnish over-
wvhelming evidence of crystal surface disintegration, and they lay the
blame for disintegration on the process of preparing surfaces by abrasion
and the action of water vapor on surfaces so prepared. It seems obvious
from the general trend of the findings that we shall not have stable crys-
tal surfaces, and thus crystals which are permanent in their frequency
and activity, until the method of finishing used is one which arrives at
the final surface by dissolving away the quartz instead of chipping it
away. The experiments are so conclusive as to convince the Signal Corps
that the conditions to be satisfied in its resdio circuits can be achieved
only by etching quartz plates to frequency. Thus the Signal Corps is out
to buy not just quartz crystals but etched quartz crystals.

6. As indicated, there have been many who have participated in the
experiments and tests to run down the causes of aging. Many, in addition
to those who have worked directly with Camp Coles, have conducted special
experiments at my suggestion and I wish to acknowledge for all of us all
of this help with very resl avpreciation. Some probably feel that the
Signal Corps is seeking perfection when it is critical of such small fre-
quency changes as they find to occur after the better abrasive treatments.
Figures such as Mr. Waesche has just read might be used to defend the sta~
bility of lavved crystals, particularly where scrubbing has followed the
abrasive. I should like to comment that Mr, Waesche's figures are presume
ably indicative of rather even temperszture and moderate humidity condi-
tions of storage. Such conditions do not prevail all over the world and
moisture absorntion in the phenolic holder and its re-emission into the
crystal cavity can produce very destructive conditions within for any
lapped crystal plate, The test is not only whether crystals will stand up
in the depots but whether they will stand up under the temperature and
humidity cycles which are to be found anywhere our equipment has to go.
The small frequency changes which carefully lapped surfaces undergo when
stored in our relatively dry buildings are going to be multiplied too
many times for comfort when such crystals meet tropical climates. All
of the tests certeinly point that way.

7. It is the common experience to find manufacturers insisting
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Survey of Problem of Stability of Quartz Crystal Unite (Continued)

that their own units do not age. In many cases they have performed
careful experiments and I do not question the sincerity of their conclu-
sions, There there is a divergence of views I think the reason is proba-
bly to be found in the differing definitions of stability. We have been
forced to a severe definition and test for permanence of surface layers.,
Disintegration can proceed for a time without loss of materisl or change
of frequency, and activity measurements alone are not as dependable in
indicating the progress of cracks as is frequency in indicating loss of
material, Accordingly, stability against disintegration is being judged
in the light of stripping tests ®efore and after exposure to aging in-
fluences in order to detect material which may be more loosely bound to
the surfece after exposure than before, Those who differ with us neglect
this severe test. However, it is our common exverience that activity
losses while a lapped surface is exnosed but untouched are continuous and
that ultimately the crystal becomes dead. For a dead crystal there is no
cure in the field but cleaning and the extent of the detarioration then
becomes apparent in a large frequency change.

8. It is learned, and here the basic experimental work done in the
Bell Televhone Lsboretories is acknowledged, that for about one-third of
a micron down from the surface of a prepared crystal blank the base rock
property is destroyed in lapping. X-rays orying into the crystal pnlate
show a disturbed surface layer which is out of line, in the crystal lat-
tice sense, and different from the solid rock below, In the Signal Corps'
experiments, and there is pretty good scientific confirmation elsewhere,
the full depth of that disturbed layer appears to be suscentible to the
destructive effects of water vapor. This layer appears to be completely
removable by etching and the remaining quartz to be uniform solid rock.
This solid rock is our goal and we shall feel much more secure when we
have reached it.

9. To repeat, to secure crystal plates which are solid and undis-
turbed quartz throughout we have merely to introduce a proper etching
technique intec their finishing, ®ur conviction that there are also
economies in this method of finishing helps to support us in the deci-
sion to require it, The problem which we face today is no longer one of
finding a way to make surfaces which are suitably permanent but rather
one of working out together the manufacturing procedures which will pro-
vide the stable surface without introducing other and unforeseen elements
which will interfere with verformance.

10, So much for the permanence of the quartz plate. With progress
in clearing up difficulties in one place it is perhaps natural to find
new ones showing up elsewhere. In the present instance frequency insta-
bility of the crystal unit is not all resultant from disintegration of
the crystal surface. An equally seriocus cause of frequency and activity
changes is also the loading of the surface with foreign material. Here
the principal offender is the phenolic hclder as commonly used., These
vhenolics have the property of absorbing water under conditions of high
humidity and then at a later time; vperhaps at a higher temperature, giv-
ing this up again. The water absorbed from without the holder is re=-
leased within to condense on the quartz nlate, causing loading as well
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Survey of Problem of Stability of Quartz Crystal Units (Continued)

as the surface disintegration effects just discussed. Plated units of
the wire mounted type, which do not have pressure electrocdes to shield
them, are particularly susceptible to this loading. The corrosive
action of vapvore which are relessed by nhenolics, including ammonia
among others, is particularly effective both in causing losding and in
completely disintegreting the internal connections. Our experience with
phenolic holders end the extreme sensitiveness of crystals to surface
effects leads me to the belief that until crystal holders are made of
other than phenolic materials, and are hermetically sealed as well, we
shall always have cause for coneern about frequency stability when tem-
perature and humidity conditions change over extreme ranges, and that we
shall not be justified in counting on long life for our crystal units,

11. Dr. Van Dyke concluded with a brief blackboard discussion of
differences now existing between individual erystals made in the same
lot and all satisfying the same formal specification, and showed how dif-
ferences in the active piezoelectric capacitance could cause crystals
vhich are adjusted for identity of frequency in one set to develop appre-
ciably different frequencies in another. The crystal unit in the using
circuit is called upon to develop a high impedance. In order that the
osclillation may be sustained the niezoelectric part of the reaction of
the crystal must be in parallel resonance with the dielectric part, the
latter supplemented by circuit capacitances. The frequency of oscilla=~
tion is automatically that at which this parallel resonance obtains,
When crystals producing different piezoelectric reactances are placed
within a standard holder of fixed dielectric capacitance, the frequen-
cies at which parallel resonance, and therefore oscillation, occur are
different. At least five-fold variation in the piezoelectric reaction
is found among crystals of the same general size, shape and cut as they
are being wnroduced in our plants., This variation is controlleble only
by so adjusting the fine detailed dimensions of the crystals that each
has the same vibration pattern. The aim is to have all parts of the
crystal cooperating in the vibration for maximum activity, or maximum
piezoelectric reaction. Where the piezoelectric response differs
greatly from one plate to another these crystals, although giving iden-
tical oscillation frequencies in, say, a standard test circuit, would
give considerably different frequencies in another circuit., The prob-
lem becomes particularly eerious when manufscturing tolerances for a
radio set permit sizable variation of capacitance across the crystal.
This is an illustration of instability of the more general type; such
crystals have an almost unpredictable scatter of f{requency in military
equipment,
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STUDIES OF THE DETERIORATION OF QUARTZ CRYSTAL UNITS
WITH SPECIAL REFERENCE TO THE EFVECTS OF TEMPERATURE AND
HUMIDITY ON THE QUARTZ PLATH AND HOLDER - TECHNIQUES
POR FABRICATING STABLE CRYSTAL UNITS
Mr, Virgil Bottom
Physicist, Crystal Branch
Camp Coles Signal Lab.

Summary: A study of the aging of quartz crystal units, extending
over a period of more than six months has been carried on at CCSL. Most
of the factors invelved in the deterioration of gquartz crystal units have
been isolated and investigated. The principal cause of aging is deterio-
ration of the surface of the guartz plate. Data is presented to show
that this is largely eliminated by etching. Various pre-aging techunigues
have been investigated and found to be of very little valua,

The effect of the holder hes been studlied. Ioading of the crystal
plate by materials emitted by the holders has been found to contribute to
the aging of crystal units. Corrosion of the metal parts of the holder
by the by-products from the phenolic causes many failures. Both effects
are reduced by re-curing the holdsrs.

Some notes on edjusting the Treguency of oscillator plates by
etching ars added.

Introductions It has been recognized for several years that high
freguency quartz crystal units underge spontaneous changes of freguency
and activity with time. This phenomenon i called aging. Nearly every
amateur radio overator has at one time or ancther found 1t nscessary 1o
fclean his 40 met 2t it to operate, This ls

er crystal in order o g«
typical of crystal aging.

.

Until the war, no large quantity of high freguency crystals had ever
been produced. However, since 1841 large nunmbers of high frequency
erystals have been made for military purposes. Most of these were satls-
factory when originally tested but after o few weeks or months in storage,
a very large provortiosn were found to have deterlorated to the point
where they were unusable, This led to an iantensive study on the part of
the 8ignal Corps, with the cooperation of many mamifacturers, to deler-
minge the cause of and the remedy r aplng.

The most cobvicus result of aging is a decrease in the activity of
the unit, Usuelly after a period of storsge 1t is found that the § of a
crystal has decreased. It can be shown from the theory of the eguivalent
net-work for s erystal (Pig. 2) that a necessary coundition for oscilla-
tion is

that Q> 2 Cof0

where @ =WI/R and Cc is the parsllel capacitance
acroes the crysisl.
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Studies of the Deterioration of Quartz Crystal Units (Continued)
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The effect of aging is to cause a decrease in the value of Q. When the
Q of the crystal falls below the limiting value set by this relation-
ship the crystal can not oscillate or is "dead." Obviously the larger
the parallel capacitance Co the higher is the Q required of the crystal.

This explains why a much higher rate of failures was experienced
among DC-11, DC-16 and DC-26 crystal units than among the FT-243%s, The
capacitance in parallel with the crystal in the SCR-522 is 32 mmfds
while in the BG-659 and BC-620 it is 15 or 20 mmfds. Many crystals will
operate in the latter sets even when "dead" in the former,

Nearly every crystal which has failed because of aging can be
restored to normal activity by cleaning but the result is invariably an
increase in frequency. This increase is usually much greater than the
tolerance and the crystal unit is therefore useless. If the dead crys-
tal 1s observed at grazing incidence a white dust or powder can be seen
on the surface. It can be made more apparent by marking in the dust
with the corner of a card or the finger nail, Dissipation of energy by
these loosely held particles causes the Q of the crystal to be lowered.
¥hen the dust is removed the Q of the crystal returns to normal but the
frequency is increased.

In checking depot stocks it was found that crystal units made by
different manufacturers varied in the proportion of fallures. A study of
manufacturing processes was made to try to isolate the causes of the
fallures but the results were not satisfactory. The processes in use
were 80 variable that it was not possible to determine the factors which
caused the differences in the proportion of reject units.

Aging phenomena are not limited to quartz crystals. Many foods are
aged to improve the quality., Here the changes are probably chemical
often produced by the action of bacteria, Rubber and photographic films
are susceptible to aging. Aging in the former is greatly accelerated by
ultra-violet light while in the latter it is due to radiation from radio-
active elements and cosmic rays. Since slow physical and chemical changes
are constantly taking place in most things, aging is the rule in nature
rather than the exception,

It was formerly believed that crystalline silicon dioxide was

perfectly stable., Quartz is almost inert chemically; reacting only with
a few chemicals and then only very slowly. Its solubility in water is
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extremely low, But it is now known that the surface of the guartz plate
is not stable and that under some conditions, a sort of weathering takes
place. While the amount of quartz which iz affected is exceedingly small,
the delicacy with which measurements of frequency can be made permit these
changes to be observed with great accuracy. The frequency of crystals in
the 6 -~ 9 mc/sec ranges is exceedingly critiecal with respect to thicknees,
If 4¢ were possible to remove one layer of atoms from an 8 me/ see B”‘plame
it would raise 1its frequency by ghout 10 gycles and this iz essily 3%
able, To increase the frequency of the same plate by 1 kcfse@ i@
quired to reduce its thickness by only .04 microns or ,0000016 laches
which is less than 1/10 of the wave length of visible light,

1, Aging in high frequency crystals,

Aging is most sericusat high freguencies where the crystals are
quite thin. PFrom the laws of standing waves we have

£ = K/t

Where £ is the frequency and t is the thickness.
ag/as =K/te

For a BT crystal K = 2,54 x 1075 om sec =}

and at 8 mefsec

t 2 ,0318 en

hence dffdt = -2.54 x 107°/(.0318)2 = -2,5 x 108 sec Lot

or 2.5 cycles/ssc per A° unit change in thickness., {The minus slgm meane
that the freguency increases as the thickness decreases.) Hence %o chenge
the frequency of an 8 mefsec crystal, 1 kc/sec, it is necessary tc reduce
ite thickness by 400 A2 or about .1 the wave length of visible iight.

Since 10,000 A® equals one micron, it follows that a decrease of 1 micran
in the thicknesns of an 8 mc/sec crystal produces a frequency of 25 ke ssc,
The same change of thickness on a 1 mc/eec crystal produces a freguengy
change ¢f less than 500 cy/sec. FPig., 1 shows the relationship between
frequency and thiczkness for BT plates. It will be shown later that aging
is caused by the deterioration of the surface c¢f the quartz plate causing
it to become, in effect, thinner.

2. ¥Nature of the phenomenon.

A freshly lapped 8 me/sec BT crystal ordinarily increases in
frequency by 300 to 500 cycles in the first 24 hours. If a freshly lapped
crystel is coperated in a good osecillator and its frequency beat agninst
a2 primary standard using a good interpolation oscillator and cathole ray
oscilloscope for measuring the deviation, it is found that the fregquency
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increases at the rate of several cycles per second per mirute, for the
first few hours. Very often the increases are not steady. The fre-
quency of the crystal will remain constent for a few seconds or even
minutes and then suddenly Jump several cycles. These changes are not to
be confused with those which occur as thermal equilibrium is dheing es-
tablished which are as often negative as positive.

After the first few hours the rate of increase of frequency becomes
very much less. The rate of increase is dependent upen the humidity,
The higher the humidity, the greater the rate c¢f increase. The cryatal
may continue to increase in frequency indefinitely or afier a time the
frequency mey become practically constant or even decrease. &fter a few
days the plate is covered with a fine white powder.

During this time the activity usually decreases. The rate as well
as the amount of change is somewhat dependent upon the lapping procedure
used but no lapping procedure has been found which produces crystals
which do not deteriorate under humid conditiens.

Occasiocnally crystals are observed in whick the frequency conitinously
decreages. A few have been cbserved in which the fregquency decrsased et
the rate of several hundred cycles per week, This wasz due o lozdimg of
the crystal plate by materfials emitted by the phenoliiec of the hoeldsr and
the neoprene of the gasket, It is largely prevented if the holders are
soeked in hot carbon tetrachloride and then baked. Righ freouency plated
crystals nearly always decrease in frequency when expeosed #¢ scievated
temperature and humidlty. It is impossible to seperate the aging of the
quartz from the effects of the holder when the crystals are mounted in
phenolic helders. To circumvent these difficulties crystal plates heve
been subjected to various conditions independent of any vhenollc holder,

In a group of erystals which have been subjected to identical treat-
ment, a wide varization of ®ehavior is usuelly observed. The freguency of
a high frequency shear type crystal plate does not change in a strictly
uniform mamner as ite thickness 1s changed. There ls a "fine structure
due te the coupled modes and their effect on the main mode, Even though
two crystals have the same freguency, it dces not follow that the remowal
of the same small amount of quartz from each will result in the same
frequency change. With respect to activity the differences are even more
marked, In rare instances, the removal of a very smell amount of guartz
from the surface of a crystal has been observed to cavse the fregquency
to decrease,

The activity of a crystal unit may increase with time or it mey
decrease., The freguency likewise may either increase or decraase, Some-
times the loading from the holder almost balances the loss of quariz by
aging. All these inter-related and complicated effects maske the inter-
pretatlion of aging data quite difficult. A statistical study is a2lmost
always required,
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3, Effect of water wapor,

The exact mechanism by which the surface deterioration takes
place is not known., However, water vapor plays a very important pari,
Crystals sealed in glass holders show no tendency to change freguency
even when sezled in immediately following lapping. GQuartz plates stored
in test tubes over silica gel do not become covered with the white dust
which is characteristic of crystsl aging. On the other hand, crystsl
plates in vhenolic holders show the effects of water vapor within a
few hours after being expossd to a warm humid atmosphere. Control groups
maintained at the same tenperaturs btut at low humidity are not sffected,

Freshly lapped plates held at high humidity exhibit the charae-
teristic dust within a few days.

There is no doubt that water vapor plays an important part in
the aging of lapped crystal plates.

4, The discriented layer.

It has been known for many years that lapped surfaces of crys-
tals are covered with a layer in which the atomie planes are discriented
with respeet to the body of the crystal. Davisson of Bell Telephone
Laboratories has shown that guartz is no excepticn to this, The presence
of this misaligned material can be shown by relatively simple experiments.
A lapped plate iz placed in a beam of monochromatic x-rays so that reflec-
tion is obtained at the Bragg angle. & photographic film is placed at
the proper place to receive the diffracted beam. Leaving the film and
the collimating slite unmoved, the erystal is turned a few degrees away
from this position. The erystal continues to reflect the beam at the
Bragg angle. The only explanation for this is that there zmst exlet on
the surface of the crystal, blocke of muartz of considsrable size in
which the atomic planes are not parallel to those in the main body of the
quartz, Some of these blocks are turned away from the maln body of the
quartz by as much as 5 degrees, The miszligned material may be removed
by etching, When the erysial has heen etched sufficiently %o remove a
layer 1/4 to 1/2 micron® thick x-ray evidence of misaligned material
largely disappears. Figure 2 is an z-ray diffraction phetograph show-
ing the evidence for the misaligned material,

Bvidence for the instability of the misaligned material ig found
in the wery high initial rate at which 1% is attacked by resagents used
for etching. Fig 3 shows the characteristic change of freguency of &

*1¢t rust be emrhesized that these measurements are made by obgerving the
frequency change and computing the corresponding change ef thickness
assuming ideasl plane surfaces. Since the irregularities in the surface
following lapping are of the same order of magnitude azs the caloulated
change of thickness, it 1s not possible to speak of a layer of such a
thicknezs except by definition.
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Studies of the Deterioration of Quartz Crystal Units (Contimued)

crystal plate with time as a result of etching. The rate becomee con-
stant after the frequency has been increased by approximately*15 kc/se@o
This corresponds to the removel of a layer of quartz to an AVEFRAGE
depth of some ,3 micron* from each surface of the crystal,

5, Secrubbing of Crystal Unitss

Some changes of frequency and activity of crystal units havwve
in the past been due to the presence of foreign material on the surface
of the crystal at the time of assembly. Aging, however, is inherent in
the nature of abraded surfaces, and the effects of foreign materials is
secondary.

After a lapped crystal plate has been thoroughly cleaned by
the use of water followed by some solvent such as carben tetrachleride,
it is still possible to increase its frequency from 1 to 3 ke¢/sec by
scrudbing it with soep and a toothbrush. If this scrubbing is done under
carefully controlled conditions, it is found that the rate of removal
of quartz by the brush is not uniform. The rate of removal is very great
at first and soon reaches the point where the rate is very small., It
was formerly believed that the removal of this loosely beund surface
material would prevent subsequent aging dbut such is not the case., Scrub-
bing largely eliminates the very rapid initial aging but has little
effect upon the long term aging of the crystal in the presence of water
vapor,

Crystals which have been thoroughly scrubbed are, after a month
at moderately high humidity, covered with quartz dust. When this duet ie
removed the frequency of the crystal rises again. The process can ke
repeated a number of times with the some crystal.

The rise of frequency resulting from each cleaning operation
becomes less and it appears that the crystal plate would ultimately reach
a frequency at which it would remain stable,

Many crystals which have been scrubbed at the time of manu-
facture have been rescrubbed after a period of shelf life and in every
case, the frequency of lapped crystals increased far out of tolevance.
The presence of quartz dust also indicates that the surfaces of these
crystals have detericrated,

On the cther hand crystale which have been ctched sufficiently to
remove all x-ray evidence of the misaligned surface layer never exunibit

*It must be emphasized that these measurements are made by observing the
frequency change and computing the correspondence change of thickness
assuming ideal plane surfaces. Since the irregularities in the surface
following lapping are of the same order of magnitude as the caleulated
change of thickness, it is not possible to speak of a layer of such a
thickness except by definition.
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Studies of the Deterioration of Quartz Crystal Units {Contimsed)

the quartz dust on the surface nor can thelr freguencies b changsd
appreciably by scrubbing after long periods of shelf 1ife or artificial
aging at high humidity and temperature.

6., Pre-aging Techniques.

& mumber of methods for pre-aging crystals have btesn ftried. In
Great Britain bolling the crystal in sulphuric acid has been farvored as
a pre-aging ¢technique. In this country the one most favored hag been to
bake the crystal at a temperature close ts the curie point for several
hours. WNelther methods has much value, It may be stated as axiomatis
that the vslue of any pre-aging technigue is in proportion %o the change
of freguency which 11t produces in the crystal., Unless the potentlally
loosened quartz is removed no pre-aging technique has any valus. If
scrubbing be considered as pre-aging it is und@ubﬁeﬁ‘v the bagt pre-
aging technigue known. One fault with pre-aging iz thail, if sffective,
it preduces unpredictable changes of frequency and tn@?ei re precindes
cloge adjustment of frequency.

7, EBffect of lapping procedure,

Bo lapving procedure has been found by which stable crysisls
can he finished, tut it is possible to vary the aature of the sging
phenomensn by the lapping procedures. For example, crysials *imﬁa«@&
with a fairly comreeabrasive such as 680 mesh silicon earbide do ot
change freouency as rapidly as those lapped with opilesl f ”‘miwﬂii
p@wd@v Buat *hwy 1@3@ activity mach faster, On the ‘@h@r maﬁ rﬁ

{

hut ‘a0 not ﬁ@@f%ﬁ&@ in activity so much. mhew& are ﬁli@ﬂ@ &ﬁfﬁu“
in the behavior of crystals lapped with silicon sarbids

exids abresives of the same mesh size but thess di AL ¥ o
difficult te isclate because of the numercus other war o Tae w%%hﬁﬁ
and material of the lapping plates have slight effects bub again the
varinbles are st Damerous that to isclate & single fastor fs wvery diffieult
There is no evidence that the speed of lapping has anmy effect on the sglog
characteristics,

Cil used as vehicle for the abrasive results In a gW1d&hng pead
approximately double that obtained with water or ecap and water, For 'hiﬁ
repson and others, most maomufactursrs prefer oil as s vehlicle for lapping.
There is no significant difference in the behevior ¢f ¢ J
with any of these vehicles. A mumber of other speclalized mater
ween used and no differences have besn observed in the aglng cnsras
teristic of the erystals., From the result of these @Xp&imm@m%ﬁ 1% i@ b
lieved that the aging of quartz crystals ie inherent in lapped surfaces
and it is highly lmprobable that any lapping pruweéx%@ can be found which
will produce eryatals which will not age seriously.

1s have

b

I% was onece believed that microscopic cracks produced in the
sawing operation might be respomsible for aging but such Is not the case,

at least for the sawing procedures in use in the industry. Aging of the

- 207 -



Studies of the Deterioration of Quariz Grystal Units (Contimued)

crystal plate can be prevented by etching away the material disturbed im
lapping but if the etched surface is lapped, even with the very lightest
of pregsure, the misaligned layer reappesars and the crystal ages just as
before. A group of thirty-five BT plates lapped to 8.4 me/sec with 125
aloxite were then etched 100 ke/sec with ammonium  fluoride, Pive of
the crystals were retained as controles and the remeinder divided into 6
groups of 5 crystals each which were them lapped by warisus procedures.
The crystals were all thoroughly scrubbed with scap and toothbrush, rinsed
in boiling distilled water, alr dried and mounted in ¥1-243 holders. They
were artificially aged for a periocd of one month at a temperature of 5008
and a relative humidity of 76%., Taey were then opened and rescrubbed
exactly as before. The results are summarized in the following table,

Group 1. Contrels - not lappaed.

Oroup 2, Lapped 10 ke/sec with aloxite 125 on glass by hand using
water,

Group 3. Lapped 10 kefsec with aloxite 125 on metal by hand

nm R m A

ke

kefsec with aloxite
lap using soap
ke/sec with aloxite 80 on glase by hand using

Group 7, Lepped 10 ko/sec with aloxite 50 on metal by hend using
water,

Groun L2843 Ave. of. ave. ol
(copoe.) {
i o BL =B& 81
2 0 &7 72804 74480
3 o 2 1882 T HED
4 o D 1988 73104
5 o B 1873 73084
6 45 F2BG7
7 o B2 1210 72760
lapped 1ight pressure

6 and 7 w available, yvet

at modera erystals, except

aged beyo 1imites permitted by ecurvent specifications,

gxperiments have been made with
since the show the presence of nissligned guarty >
er probak that they sre susceptibs to sgling.

= d0E -
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Studies of the Deterioration of Quartz Crystal Units (Comtinued)

8, Theory of aging.

No adequate explanaticn of the deterioration of the surface of
a quartz plate has been advanced. The facts are that all lapped quartz
surfaces deteriorate when subjected to moieture., Brery lapped quarts
surface, even when highly polished is covered with a layer of misaligned
quartz extending tc an average depth of 4 to 4 micron.* This layer can
be removed by etching after which the crystal is practically immune to
aging, There can be iittle doubt that the misaligned material is
associated in some way with the gquartz which ultimately weathers from
the surface. This could be a simple physiecal process due to progressive
eracks in the quariz or to thermal shocks. That water playe an important
part in the aging procese is certain tat the mechenism by which the
quartz is loosened is not known at pregent. Perhaps some chemical reag-
tion between the finely divided quartz on the surface snd the carben
dioxide of the alr on the ammonia or phencl from the hoider 48 responsible,

It is well known that silica im finely divided form reacts quite
readily with water at elevated temperature, It sszems no$ unreascnable to
expect that the reaction might alse take place at & much slower rate at
lower temperatures. Xt is possible thet the resction of water with the
quartz in the sub-microscopic cracks in the surface results in swelling
whieh causes pisces to break ¢ff. The particles of the powder renge in
gize from one to ten microns and are guite clearly fragmenss of quariz.
This hypothesis will also explaln why aging is prevented by etching,

The acid attacks the finely divided quartz and rapidly reduces the sur-
face area, &% the same time the acid tends to reduce the surface ¢o

a series of mabtursl atomic planen. It has bespn shown Dy Joffe that a
erystal of sodivm chloride Ls much stvonger 1f 41t iz etched by waler
than if merely cleaved. This suzgests that a surface formed under €Ok
ditisne appresching equilibrium such as obtalned during eiching is much
mere stabls thon one which is fractured,

Howewver, further study is needed to explaln the mechenism of
aging and a complete understanding of the phenomenon will require cone
glderable resesrch,

9. Hemedy for sging.

Since azing is dependent on water vaper, the most obvious solu-
tion to the aging problem is to sliminate all meisture., Crystals sealed
in glage tubes have changed very 1ittle in freguency or activity over long
periode of time. By sealing pressure mounted crystals in glass tubes it
has been found that there is ne difference in the %ehavior of lawped and
etched cryetals when water is complstely eliminated. However, 1% ia not
possible to sliminate this factor in phenolie holdera, Phencolies used
for erystal heolders are highly tramsparsnt to water vapor and the humid-
ity inside the holder is never far from the humidity outside. Thus, if
phenolic holders are to be used, the only alternative is to remove the
layer of material respongible fer the sging and this mmset be done by
etching,

%8ee footnote Yo paragraph 4,
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Studies of the Deterioration of Quartz Crystal Unite (Contirued)

Controlled experiments with etched crystals show very clearly
that the surfaces of etched crystals do not disintegrate under the influ-
ence of water vapor. Many groups of crystals have been prepared by known
techniques and observed under various conditions over considerable periods
of time, A few of theme are listed in Table II,

The results on the higher frequency crystals are especially sig-
nificant. It is almost impossible to finish crystale by abrasion in the
frequency ranges ebove 1l mc/sec and keep them active for more than a few
days when exposed to water vapor. TYet etched crystals above 12 mc/sec have
been kept at moderate humidities for more tham 3 months without serious
deterioration. These results were obtained using holders which were re-
cured by soaking in hot carbon tetrachloride followed by baking at 160°C
for at least one hour. If this precautien is not taken, the crystals de-
crease in activity and frequency due to loading from the holder. It is
believed that most of the changes of frequency and activity of etched crys-
tales are 4ue to this effect. The powdered quartz which invariably accom-
panies sging of laepped crystals is never fouad on the surfaces of crystal
plates which have been etched by the amounts indicated in Fig. 4 or more.
Where controls are indicated in Table II the crystals were given identical
treatment except that hamd finishing was substituted for etching to
frequency.

TABLE 11
Fo. Average

Nom, of Lepped Change Change

ke/sec kef sec daye) (copos.)

U 10,870 7 95 aloxite 25  784RH 98 -48  -26 #8158 cps
509¢ -25%

V 11,160 5 125 aloxite 25 mgm 80 $68 -3 all dead
508¢

Q10,230 4 50 alexite 20 75%RE 103 766 -2%¢ none
508¢

A 8,880 9 125 aloxite 50 75@&5 80 #129 -3% none
50°¢

C 8,390 6 125 aloxite 100 7S%RH 33 $46 =56 $1 to 4
BOCE ke/sec

M 8,600 5 125 aloxite 600 Raom 120 756 -64 none
Gond.

E 8,450 10 30% Emery 30 85 =85 0f none

G 8,30 10 125 aloxite & 124 -134 =108 uone
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TABLE II (Contd.)

No. Average
Nom, of Lapped Change Change
eq. Units With ched Stored Time _Fregq. Activity Controls
ke/sec ke/sec (Days)
0 9,180 6 800 81C 15  754RH 110 =108 0% 4849 -15%
5000

A 11,500 6 125 aloxite 100 ?7S%RE 85 f617 <104 all dead
500¢C

P 9,200 6 125aloxite 30  75fEH 105 56 <6%  all dead
50°C

012,320 5 125 aloxite 40 75%RH 95 =202 9%  nome

50°C

J 9,250 10 125 aloxite 40  75%RH 30 =136 =8% #1500 cycles
5090 =404

H 8,320 10 125 aloxite 10 754RE 120 <150 -5% none
5096

J 8,320 10 125 aloxite 10  756RH 120 =135 =2% none
60°C

10, Other factors in aging.

The term aging is used to cover all changes in frequency and
activity which occur with time, When aging was first recognized it was
variouely attributed to the holder, the electrodes, dirt, etc. The quartz
plate was last to be suspected. Nevertheless, most aging is due to the
lack of stability of the quartz surface.

There are, however, other factors which cause changes of frequency
and activity in high frequency oscillator plates and these properly come
under the term aging. The most serious of these factors is loading of
the crystal by substances emitted by the phenolic holders and the neoprene
gaskets. Nearly all thoroughly etched crystal plates decrease in fre-
quency when placed in phenolic holders. Unless the holders are well
cured these decreases are of the order of 50 to 500 cycles per month on
crystals in the 8 mc/sec range. The crystals can be restored to their
original frequencies by cleaning. This is not to be confused with the
aging which results from deterioration of the surface of the quartz
plate. When such crystals are rejuvenated by cleaning the frequencies
are always increased.

# Includes rescrubbing twice.
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It has been found that loading of the erystals is reduced somewhat
by baking the holders before assembly, Holding the holder and gasket at
1609C for one hour has been found to be fairly effective although a lower
temperature for a leonger period of time might ®e equally goed or better.

Another factor which contriibutes e aging ie the variation of the
electrical characteristics of the holder with humidity. The electrical
resistance between the pine varies by a factor of 104 in holders made
of wood filler phencifermaldehyde plastice of the type almost uni-
versally used for crysial wniie,

The activity of a crystal usii can often be increased by 104 by
baking the holder prior %o sesgembly. & nunbsr of manufacturers have
found that their prepsrtion of eryeials rejJected in the temperature tests
is lowered very comsiderably by recuring of the holders,

During humidity tests the activily of the srystal unit decreases
because of the electrical losses in the holdsr ameccimted with the adb-
sorption of moisturs,

Serious corrosion of the internal metal parts of crystal units
often oceurs. ¥hile the corrceien Lz much greater at higher temperatures
and humidities, some uniis fall under osrdinery room conditions for this
reason., 4 number of cerresive sudetances are emitted by phenoiics.

Among these are ammonia, uwres, phenol and sulphur dlozide. The cor-
rosion results in imstabiiity due to poor sleetricel. econtact, Complete
fallure may follow bepause of flskes of eorrosicn whilch find their

way between the dectrodes spd arystal plate. Iz exiresme cases com-
plete failure may result from breskage of the contsct plates or eprings.

A phenomenon known as Yeovrvouwlon fatigus” or Yseason cracking" re-
gults from the action of emmonis on brass. The ammonle 1livesrated from
the phenolic attacks the brass at pointe of stress and very rapidl-
causes the contact plates %o break, The reaction ig accelerated by in~
creasing the temperature and humidity., 4% & temperature of 5090 and a
relative humidity of 78% aprrezimabely half of the F1-243 holders with
dress contact plates fail within a perisd of one month. Prase contact
plates should pever be used in phenciic helders.

There are several octher fectors which cewse variaticns of activity
and frequency, When successive messurements are made at different
temperatures variaticne are observed in the astivity and frequency. These
conditions are due %o the chenge of Jemperaiure and do not represent a
permanent change in the crystal. However, when & crystal unit has been
carried to an extreme of temperature, it umally dcee mot return to the
same activiiy or freguency when returned te room tewperature. These
effects are due to changes in the amount of moisture and its position
within the helder., There is good resson to believe that there is a
layer of water on the surface of svery orystal, This serves to load
and thereby affect its fregueney. The smount of water on the crystal is
affected somewhat by its recent histery and cavses the frequency of the
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Studies of the Deterioration of Quartz Crystal Units (Continued)

crystal to exhibit a sort of hysteresis affect as the temperature is
changed. While this cannot be classed as aging, it does make the in-
terpretation of aging data somewhat difficult.

The electrodes have often been suspected of contrituting to the
aging problem but except for corrosion, no evidence exists at present
which would indicate that such is the case.

Conelusion: The eging of crystal units is very troublesome,
especially in the higher frequercies. The principle factor is the
deterioration of the surface of the guartz plate. This can be largely
overcome by etching. Most of the other factors are assceiated with the
phenolic holder. To obtain a crystal unit with the best stability it
will be necessary to mount an etched blank in a glass or metal holder,
hermetically sealed and free from any phenolic parts whatsoever.

Noteg on etching: Crystals should be etched to fregquency by at
least the amount shown in Fig. 4. This should preferadbly be done by a
mass etch technique to insure that every plate is etched by the minimum
amount. Adjustment to frequency by further etching should follow this,

Crystels sometimes lose activity when etched by these amounts. Two
factors are involved in this case. The activity of a crystal at a given
frequency depends eritically upon ite dimensions. If the erystal has
good activity snd its frequency is changed by etching or grinding, it
may be necessary 4o change the edge dimenszions also to have good activity
again. Conversely if the crystal plate has poor activity at the
original frequency and dimensions, it mey have good sctivity at the new
frequency. Obvicusly, etching dees net affect the edge dimensions of
the crystel appraciadbly.

Bowever, 1f the surfaces of the crystal have been harshly treated,
the cryetal loses activiiy when etched. Scratches and irregularities in
the surface are attacked by the etchant more rapidly than the remainder
of the crystal and cavse it to become pitted. Thie always results in
lowered activity, 7The edges of the erystal must be smooth before etching
or serious loss of activity occurs., If the gurface of the crystal is
properly prepared it may be etched by 4 times the amount shown in Fig. 4
without appreciable changes in activity except for those associated with
dimensional relationships, (See Table II)

After a crystal has beesn etched, its freguency can be increased
several hundred cycles/sec by scrubbing it with scap. In the etching
process, several fluoro-silicates are produced. Some of these are only
slightly soluble in cold water. These are deposited upon the crystal and
can be removed only with some difficulty.

One method of cleaning the crystal after etching is to scrub it
thoroughly with soap and a toothbrush followed by a thorough rinsing in
boiling distilled water. A mechanical precess whereby the crystal plate
is spraysd with boiling water is also being successfully used,
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Studies of the Deterioration of Quartz Crystal Units (Continued)

When a crystal plate has been properly lapped, etched by a sufficient
emount and thoroughly cleaned, it is not possible to change its frequency
by further cleaning, even after many months at high humidity. This is the
final test for the effectiveness of any technigque for preventing aging.

It is not necessary or desirable to use sodium blcarbonate ag a
neutralizer following etching with the ammonium-di-fluoride compounds.
These compounds are more easily dissclved in water than is sodium
bicarbonate. The crystel should bs thoroughly rinsed, preferabdbly in
running water when being tested and should be given the final wadk in
boiling distilled water before azsembly. Afier clesming 1t should not
be touched with the fingers,

Copper is the best metal for making etching machines. For individ-
val positiens, a small dish dipped in hot waz or paraffin to protect the
glagss or enamsl may be used. Although ammonium-di-fluoride commpounds are
relatively safe the eperator should naver put his hands into the solutien
and good ventilation should be provided. A quantity of sedz or lime water
should bte on heand for use in case of emergenscy. The hands should be
thoroughly washed with plenty of scep and water after work and before
eating, Clesaniiness iz very important.
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FIGURE 2,

The disoriehted layer on the surface of a BT quartz plate
lapped with 600 SiC. The persistent line is due to re-
flection of the copper KX line from the surface when the
blank is turned from the Bragg angle by the angle indicated.
The broad line at the left is due to background radiation.
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MILLING AS PREPARATION FOR ETCHING
Mr, Frank M, Lund
Precise Developments Company

1. I don't want to talk about milling as a frequency device but
only as pre-etching procedure as used in our plant,

2. First, we didn't have good luck with it, I won't go as far
as to say the abrasives suggested at the time were not practicable as
there was a great deal of trouble with changing these particular units,
That is still one principle objecticn to milling.

3. We have made perhaps a 150,000 crystals that were milled.
Our prime original motive was the fact that ever since we have been
manufacturing crystals we have been plagued with chips on edges of
crystals which required a great deal of inspection and hand labor to
eliminate them, When they got over to the finishers they were using
an abrasive process for finishing. If there were any tiny chips which
our inspectors passed, the finishers spotted them and then sent them
back. We started to use milling as a means of eliminating these chips.
It did such an excellent job I hope we never have to throw it out, We
got into this etching process early. One of the biggest difficulties
in etching was the instability of time., There was no determinable means
of predicting how much quartz it would remove from the crystal in the
first few minutes of operation, We built a machine and of course that
was designed strictly on the basis of time. We had to place a crystal
in it so that it would ride down tracks certain lengths of time, stay
in acid certain lengths of time and come out a proper frequency. It
wouldn't do that with any lap process we were able to devise. So we
thought about pre-etching of all of these crystals before putting them
into the track. This proved to be a tedious process. About the same
time we swung into milling, This process completely stabilized the
timing in the etching procedure. The variations between different
crystals were so small that they could be ignored. Also the method
of lapping did not affect the timing as long as the crystels were
processed in the milling machine.

L. Crystals that have been placed into the etch immediestely
after lapping do not have finished surfaces that are as free from
crevices as those crystals that have been subjected to the milling
process before etching.

5. The milling process is not adequate as a frequency finishing
process because the crystels come out of the milling machine with their
surfaces concave. Inasmuch as the lapping process is furnishing crystals
that are very flat and parallel it has been necessary to remove the high
corners that are evident after the milling process. This is accomplished
by machine lapping the crystel for approximately 8 minutes in garnet.,
This procedure enables us to remove the high corners without affecting
the rest of the surface. Garnet is the only soft abrasive that we have
been able to use successfully, Crystals that have been through these
two processes are easier to control in the etching process,
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Milling as Preparation for Etching (Continued)

6. The main purposes of milling are: To remove chips and incidental
scratches and to stabilize the surfaces of the crystal., These two big
factors are satisfactorily achieved in the milling process,

7. We have not had much trouble in loss of activity of crystals
during the etch process since we have started using the milling process.

8. Recognizing the limitations of milling and using it only as a
conditioning process we have found it to be one of the best processes we
have installed in our plant,
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A NMECHANICAL MEANS OF ETCHING
Mr, L, &, Faber
Stanley Knight Corporation

1, I am glad to have this opportunity to tell you about a simple,
but efficient etching machine, and I hope you understand that I am not
even suggesting that any of you adopt the system that I am going to de=
scribe. ¥e have been using this machine for severel months and it does
work. It can be, and will be, improved, but at least it is a start in
the right direction, We are finishimg all of our production by machine,
except the very final step, which is still done at a finishing position
by hand. Ve have been ungble to succeed in washing crystals clean enough
by machine at the mounting positions. If the problem of washing can be
solved and done automatically at the etching machine or in a succeeding
stage, I am sure that crystals could be finished ready to put in the
casing without having to go to an operator for final adjustment.

2, We are attempting to pre-dimension crystals in production and
have succeeded quite well, so that when a crystal comes from the etching
machine and is given to the finisher she is not permitted to touch the
edges, and if the activity is low the crystzl is sent to another depart-
ment to check dimensions, and for other imperfectioms. If the dimensions
are incorrect they are corrected, and sent back to the operator for final
adjustment of frequency.

3. We have improved our svstem throughout, the same as have all
other manufacturers, I think in most cases etching is proving practical,
after the first few difficulties are overcome. Etching will not cure all
troubles, and it must be remembered that the crystal must be given careful
and correct treatment prior to etching toc frequency in order to give per-
formance as a finished product.

4. I think it ecan be said, in general, that the crystal industry
knows very little about crystal finishing, and I think in a matter of a
year or two we will look back at cur present methods and wonder how we
succeeded in doing as well as we do. To give you a brief outline of our
complete procedure is in order, becsuse the treatment of the quartz prior
to etching is important. I realize cur "neck will be way out” to use the
vernacular, when I get through, and I want to say right now we do not
recommend the following procedurs te anyone, although we are using it,
and our results at the present time are the hest we have been able to
attain. This is our procedures

8. Wafers are cut 020" thicker than our lowest frequency
requires, angles are held tc within 1%' on Z. 30! on X and AT within 20°'.
This may sound loose to many of you, but in actusl practice we hold the
angles closer than mentioned above., We X-~Ray about 100 blanks out of each
2000 after they are lapped end 80% of them are within 15 on all angles,
The wafers are cleaned and etched with Quartz-Etch, inspected for twinning,
and the "X" line is put on by X-Ray.

b, After the blanks are diced they are lapped with No., 500
abrasive to pre-determined thickness, at least ,002" thicker than the
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A Mechanical Means of Etching (Continued)

lowest frequency we make. At this stage all blanks are etched and in-
spected, then they are sent to a squaring position where they are squared
to pre-determined size, depending on what frequency we expect to finish.
From this position they are sent to a tumbling mill and are tumbled from
10 to 24 hours using garnet and No. 400 abrasive and water mix to round
the corners and remove the sharp edges and small chips. They are then
sent to a radio lapping position which, by the use of abrasive of the
aluminum oxide type #800 grit and finer, they are lapped to within 20

to 100 kilocycles of finished frequency, After the radio lapping opera-
tion has been performed they are washed for about 3 to 5 minutes in etch~-
ing solution and then given to the department which calibrates them into
frequency groups. These groups are given to the intermediate etching
position which, by using our etching machines, finishes them to within

5 kilocycles, or closer, of finished frequency. The crystals are then
sent to the finishing positions and, in many cases, can be mounted direct-
ly in the holders,after they are washed. The finishers are not permitted
to edge grind crystals at the finishing position in order to obtain ac-
tivity, consequently when they find a crystal that, as it comes into
exact frequency, loses activity, that particular crystal is laid aside,
and later sent to a dimension checking department which inspects and
corrects the dimensions for maximum activity before it is returned to the
finishing line., Each of our finishers have individual small etching tanks
in which they may adjust the frequency slightly, if necessary. All of our
crystals, of course, are scrubbed with soap and water, rinsed with hot
water from the tap, and then rinsed with distilled water before they are
put in the holders,

5. I have pictures of the machine that we use in our production.
A variable speed turntable, ,~ft, in diameter, rotates with its edge over
a circular tank. There are hooks at the edge of the turntable on which
hangers to hold the crystals are placed. A track assembly, consisting
of 20 individual tracks, each one 6 inches longer than the preceding one,
is placed so as to completely encircle the acid tank, The hangers, with
the crystals in place, are then hooked on the turntable and the lower end
of the hanger is placed in the proper track and as the turntable moves
the lower end of the hangers holding the crystals falls off the end of
the track into the acid. Due to the varying track lengths, and variable
speed turntable, the time the crystal is in the acid can be regulated,
When the crystals reach the end of the acid tank they rise over a parti-
tion and then fall into the washing tank, The water in the washing tank
is kept very hot by an immersion heater, and a small stream of clean hot
water is allowed to run into the tank to maintain cleanliness. After
the crystal is washed it climbs another barrier and goes through a heated
tunnel to be dried. As the crystal comes out of the tunnel the operator
removes them and checks them for frequency. If they are overshot it is
slowed down, By having the same operator check the crystals in and check
them out, it is possible to control the frequency quite closely. One
operator at our plant consistently does 1,000 in 8 hours,
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QUESTIONS AND ANSWERS
EFFECTS OF PROPER CLEANING METHODS
MR. H. WAESCHE
ENGINEER, CRYSTAL SECTION
AIRCRAFT RADIO LABORATORY

1. Q. Will you discuss the possibility of the quartz plate being
loaded by material applied from the nylon toothbrush while the plate is
being scrubbed?

A. There will be no possibility of the quartz plate being loaded
while it is being scrubbed with a detergent and water, However, there is
a definite possibility of loading the crystal plate if the toothbrush is
dry, It is also possible that a loading condition might exist in a locality
having hard water due to precipitation materials formed, but none as far as
actual loading from the toothbrush is concerned.

QUESTIONS AND ANSVERS
STUDIES OF THE DETERIORATION OF QUARTZ CRYSTAL UNITS
MR, V. BOTTOM
PHYSICIST, CRYSTAL BRANCH
CAMP COLES SIGNAL LABORATORY

1. Q. Why don't we have a performance specification for required
amount of etching?

A, The Signal Corps tries to avoid specifying manufacturing
procedures. The only performance test we have is a Laboratory test.,
The only two possible ways of making this sort of test are:

1. X-Ray diffraction test for presence of material,

2, The other test and the only test fer aging phemomenon is
to let it age.

In other words shut down crystal acceptance for two months and hold your
crystal for one month and then accept them if they pass the test. So an
exception had to be made and specify a definite manufacturing procedure.

2, Q. In the proposed etching procedure, why is it required that
the minimum frequency change be obtained in one continuous etch?

A, I think a mass etch is a desirable thing unless per chance
one could avoid this by tumbling as a prelude to etching, That I have
not investigated. Take a group of crystals and etch each of them by
a given amount of time under given conditions, your frequency condition
will vary enormously. But if you etch all of these crystals at once by
this length of time, than for a given concentration, the change of fre-
quency is accurately proportioned to time, What we believe is the best
procedure is to get rid of this uncertainty by a mass etch, Etch all
crystals by amount of time to remove a given amount and adjust frequency
from thereon.
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Questions and Answers (Continued)

3. Q. Have you employed different etching agents?

A. Yes, we have tried all of the common hydroflouride compounds
and they are all acceptable as long as they produce good crystals.

L. Q. How about loss of activity on etching?

A, Two reasons, one is you change frequency and you must readjust
dimensions to have good activity. Second; in a case where the activity of
the crystal is not restored by edge grinding, it is because the crystal was
poorly lapped or improperly lapped prior to etching. Rough edge is extreme-
ly sensitive to etching. The crystal will lose activity very seriously.

5. Q. Will all holders go through immersion test after baking?

A, As far as we know baking has no beneficial effects on holders
except to drive out objectionable gases.

6. Q. Where does ammonia come from?

A, Phenolics are very complicated things. I don't know the
chemistry of them. Try this simple experiment. Take a holder, pulverize
and place in a test tube** and you will detect the odor of ammonia. Ammonia
is certainly one of the by-products of the chemical reactions which take
place in these holders.

7. Q. Does etching make the plate more susceptible to fracture?

A, It has been proved that the etching of crystal surfaces may

increase the tensile strength to as high as 70 to 80 percent of its theo-
retical tensile strength,

*% Heat the tube,
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BASIC FACTORS IN CRYSTAL PRODUCTION
Mr. H. G. Human
Crystal Products Company

Colonel Harris, Ladies and Gentlemen:

1. I would like to preface my remarks by insisting that I expect
to contribute little to existing information on crystal production. The
thesis I would like to develop is the idea, that it's not what proce-
dures are used in fabricating crystals, be it in sawing, lapping or
cleaning or etching, but how well those procedures are performed,

2. We are pretty well agreed, I think, that the difference be-
tween a good plant and a mediocre plant is not the difference in the
amount of technical skill a plant can muster among its personnel, but
rather the difference lies in logical and intelligent orderliness of
procedure and the excellence in which those accepted procedures are
exploited and carried out.

3. I would say that the entire successful operation of a plant,
however, is predicated on several basic factors, If those are met the
operation is bound to be successful., The first is intelligent, open
minded and aggressive supervision which reflects itself in satisfied
employees. The two coupled together breed an overall "Esprit de Corps"
which is the greatest single asset to any kind of production. A second
factor is the proper distribution of the right people in the critical
stages of operation. That is extremely important. That goes for super-
vision as well as line operators., A third factor which is really the
result of the first two is the complete exploitation of best practices
in our possession., As I've said before, in this stage of the game it's
no longer a question of a lack of technical knowledge or adapting new
methods, that assimilation I grant should go on constantly, but having
those practices in operation carried out 100%.

L. We've all had the experience of trying to duplicate a seem-
ingly desirable production feature we saw successfully used in other
plants. Yet, so help us when we brought them back home, they didn't
work for us. The difference is, I believe,that the wrong set of imme-
diate employees were trying to put them into operation. It's not the
gadgets and the elaboration of equipment that makes either for good
crystals or for quantities. Plant cleanliness and the most efficient
logical traffic of crystals in the line of production are both requisites
for successful operations that are automatically accomplished by adequate
supervision and management,

5. Although in our plant we have consistent inspection at every
stage of production, using approximately 20% of our employees, I will
mention only the particular stages on which we feel that greater em-
phasis pays the greatest dividends.

6. Foremost, of course, is incoming inspection of holders and

component parts. I believe that is a common procedure. In the prepa-
ration of blanks, emphasis is placed on the ingpection of the undiced
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Basic Factors in Crystal Production (Continued)

wafers for electrical and optical twinning and on mechsnical blank in-
spection after the semi-final lap, In order to avoid giving finishers
or etchers even slight flawed crystals which is a waste of time and
money we make another thorough inspection following our mechanical
beveler,

7. The department, however, that receives greatest attention is
the final inspection and mounting. This is the stage that sets every
plant's excellence of production. Ours is housed in a separate air
conditioned room, well lighted by fluorescents, in addition to indivi-
dual spot lights for close inspection. The inspectors are equipped
only with finger cots, running water and air jets. No towels are used
and blanks are wetted for oil detection. Inspectors have neither ac-
tivity nor deviation meters. They can concentrate solely on inspection,
Crystals come to them mounted in cases, less bolts, springs and gaskets.
Here each unit is dismounted and every component inspected for defects
and flaws, Electrodes and air gaps are inspected and cases examined for
cleanliness. Each inspector has an assistant we call a capper. She
inspects and inserts pre-washed gaskets and springs and bolts the case.

8. Here is an 8 hour shift, each inspector with her assistant
turns out about 250 units, Attached to each inspection shift is a
quality control operator whose job it is to spot check constantly. She
washes about 60 crystals a day with an abbreviated sash brush and Orvus
soap. She checks samples from each inspector. Since each unit bears
not only the final finisher's number but also the inspector's number,
it is simple to check back on workmanship.

9, This department contains the cream of the crop of former
finishers whose judgement is dependable and whose reliability is
established. There is little point in exercising extreme care in all
proceeding operations if this final precasing inspection is ill-done.

10. Our rejects from this department run 10k, This includes
frequency and activity rejects at room temperature, the final opera-
tion before leaving the inspection room. No crystals are accepted
for the hot and cold boxes unless the activity is 20% higher than the
CES-1 required minimum, In the BC-659's for example we require .65 Ma.
before accepting them for temperature run. The 10% rejected go imme-
diately back to the final finisher for correction.

11, Crystals coming from the final inspection department are
successively routed through the starting test, hot and cold boxes,
final tightening, glyntaling, varnishing and cleaning, mechanical
inspection, room check for frequency and activity and the drop test,

12. Rerunning lots of 1000 crystals periodically through tem-
perature boxes representing Signal Corps temperature run rejects is
time consuming and to avoid an excess of that sort of thing we allow
a strong 10% margin of safety above the CES-1l minimum, As a further
safeguard we make activity checks every 19C instead of every 2°C,

I can assure that such a practice, in spite of small increased rejects
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Basic Factors in Crystal Production {Continued)

and slightly increased testing time, pays dividends not only in consistent
Signal Corps scceptances but in better quality crystals,

13, Our 100% mechanical and elsctricel pre~Signal Corps inspection
ie one of our most exacting operations, Inasmuch as w»an¢lity in fr@m
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Basic Factors in Crystal Production (Continued)

workers, Changes can be costly if based on insufficient data or if con-
clusions are prematurely reached and if they are not made decisive and
clear cut. If changes are initiated a mere order to employees is not
adequate, Workers must make changes not oaly on the basis of how but why.
A good dose of employee-public relations can be thrown in here to excellent
advantage., Changes must be sold to the employees to bes thorough and effec-
tive. We are convinced at Crystal Products at least that whether it be
alterations or what have you, for solid cooperation and loyality it takes

a heap of selling, but the selling must be based on facts for permanent
production results,
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PROPER PACKING METHODS FOR CRYSTALS
Capt. M. L. Wexler
O/C, Packaging Section, Storage & Issue Agency

1, The following information was gathered:

8. New packaging specifications have been written covering
crystal unitse

U. S. Army Signal Corps Spec. #71-2-545
U, S. Army Signal Corps Spec. #71-2-546
(3) U. S. Army Signal Corps Spec. #71-2-547
U. S. Army Signal Corps Spec. #71-2-548

b. Upon issuance of instructions by the Contracting Officer
crystals are to be individually unit packed in accordance with above
specifications and Method II of U, &. Army Specification #100-144.

c. Unit packages are to be marked in accordance with speci-
fication #72-6-15.

d. Intermediate packages sre to be marked in accordance with
specification #72-6-15,

e. Shioping containers are to be marked in accordance with
specification #72-6-16,

f. Set up box as outlined in above specifications is to be
used for unit and intermediate packaging. Folding boxes are not accept-
able,

g+ Cellophane packaging will not be permitted with crystal
units,

h, Gross weight of box should not exceed 70 pounds., Net
weight of contents should not exceed 50 pounds.

i. The above information and specifications are to be applied
to all current and future contracts when the Contracting Officer requests
it.

Jj. Action has been taken to secure copies of above-mentioned
specifications from the Storage and Issue Agency.

k. Authorization will be obtained from the Contracting Officer
to put the above specifications into effect.

THE FOLLOWING QUESTIONS WERE ASKED AT
THE CONCLUSION OF CAPT. WEXIER'S TALK

l. Q. It was mentioned here today that practically all crystals

received in the Depot are rechecked for activity and frequency or activity
alone, That would require bresking the vapor proof seal,

- 41 -



Proper Packing Methods for Crystals (Continued)

A, This is incorrect, they are spot checked only,
2. Q. ¥hy is it necessary to limit size and weight of container?

A, Container sizes are limited so that the standardized package
will fit into its allocated space within the master container for the end
item of which it is a component. Container weights are limited so that
they will be one-man borne and to facilitate warehousing at depots and other
points, Crystals packed as components should also be unit packaged so that
if the need arises for a crystal which is not in stock it may be taken from
a set and shipped without processing and also as added protection until they
are placed in operation,
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CRYSTAL HOLDERS
LT. J. J. MAGUIRE
0/C, EQUIPMENT SECTION, CRYSTAL BRANCH
CAMP COLE SIGNAL LABORATORY

1. It is planned that all crystals supplied for use by the Sig-
nal Corps will be hermetically sealed. It is clear that if this is to
be accomplished in time to help in our "all out effort" the crystal
industry will have to voluntarily shoulder a whole series of new engi=
neering and technical problems,

2. It is realized that the crystal manufacturers are currently
faced with many problems, some of which it is hoped will be resolved
at this meeting., In asking again the cooperation of the industry in
order to convert to hermetically sealed holders, the Signal Corps is
mindful of the many important discoveries by the industry which have
made possible the vastly improved quality of crystals currently being
supplied over those which were supplied one year ago., The Signal Corps
is also fully cognizant and appreciative of the past cooperation of
the crystal manufacturers in so quickly eliminating the brass contact
plate and brass pins when it became apparent that they were contributing
causes to failures of crystal units in the field., It is with these
accomplishments fully in mind that the Signal Corps has the confidence
to ask that the entire crystal industry convert over to hermetically
sealed crystal units,

3. In a first effort to get this conversion under way, we will
present at this meeting a few development models of hermetically sealed
crystal units, These units are, it will be seen, not all adaptable for
quantity production., Some of these units, may be modified in various
ways to make them suitable for quantity production,

L. Due to the urgent requirement of the using arms for the
hermetically sealed crystal unit which will adequately perform under
all conditions of temperature and humidity we do not feel that it
would be justifiable to immediately standardize on a hermetically
sealed holder at the expense of supplying the numbers required by the
using arms, It is the intention of the Signal Corps to adopt any
available designs which appear adequate for immediate production and
again postpone standardization until such time as an adequate supply
is available, As this conversion gets under way, we ask you manuface
turers as rapidly as a new design, or improved design, occurs to any
of you, to refer it promptly to the Signal Corps so that it can spsedily
be considered on its own merits and also for its possible piecing out
of an integrated program of conversion, Many of the holder manufacturers
and a large number of crystal unit manufacturers have already submitted
models and drawings of hermetically sealed crystal units. All these
ideas are under active investigation by the Laboratories and it is hoped
that an even greater number of ideas will be presented. In this dis-
cussion on crystal holders I would like to limit consideration to the
designs of hermetically sealed crystal holders immediately available
and to those which it can be anticipated could be fed into production
during the next two months,



Crystal Holders (Continued)

5. The papers of Dr. Van Dyke and Mr, Bottom have covered fully
the observed failures of Crystal Units due to the moisture absorbing
characteristics of phenolic holders and it is not considered necessary
to refer to these conditions, except to the extent that they appear in
the hermetically sealed holders under consideration,

6. In limiting this discussion to two assembly designs of a metal
hermetically sealed holder for Crystal Unit FT-243, it should not be
inferred that the Laboratory is not interested in the development of
other improved hermetically sealed holders for the FT-243 Unit and other
Signal Corps Crystal Units now in production. As mentioned previously
all ideas and suggestions will be most welcome.

7. Preliminary designs of metal, glass and ceramic holders have
been submitted, but progress has not been rapid enough to permit more
than mention that these types are under investigation,

8. The only type of FT-243 hermetically sealed holder which we
are able to present to this meeting is one whose development has been
closely followed by the Laboratory and one which it is believed will
prove practical and lead into current quantity production without delay.

9. The holder is simply a two piece metal container with solid
Kovar pins led in thru glass sleeves in a Kovar header and with a cover
which fits down into the header and is then soldered completely around.
An opening in the top of the cover permits evacuation, filling with a
dry gas and a second solder seal,

10. The internal cavity can be adapted for plated crystal units
by merely the welding of clips to the tops of the soldered pins, or
for the electrode sandwich by the insertion of a ceramic split liner
and spacing block,

11. Both adaptations of these holders are available and prompt
quantity production is anticipated. Models of both these types are
available here for your inspection,

12, A motion picture showing a simplified method of assembly,
evacuating and sealing this holder has been prepared, Since there was
very little time between the date at which these holders were available
and this meeting, no effort could be made to adequately cover all details
of this process. It is felt, however, that this film would be interest-
ing in that it would present a clear idea of this holder assembly and its
possibilities for large scale production, (& 15 minute motion picture
film was shown at this point,)



PRINCIPLES OF QUALITY CONTROL
Major C. R. Brearty

O/C, Quality Control Section

Signal Corps Inspection Agency

1. You have heard that we have a quality control program in Signal
Corps Inspection, It may be felt that there is something mysterious
about it, or possibly that it is somewhat theoretical or highbrow, Ve
hope to show today that it is neither and that it is an intensely practi-
cal program for Government inspection, It is a program which affects the
way in which Signal Corps Inspection is conducted on all kinds of products,
It is my purpose here to tell you just what the general program involves
and where it is aimed. I have said that it affects the way in which Signal
Corps Inspection is conducted. Naturally it is aimed at a certain ideal
way - an ideal relationship between the contractor and the Government at
the Government inspection point., I shall try to define this relationship
a little later.

2. In the past, considering the whole field, Government inspection
has been many different kinds of things, At times and at certain places
it has been a kind of battle ground - a war within a war - which is of
course not as it should be, There is actually a departure from our ideal
in each case where a contractor's inspector passes a piece of equipment
and the Government inspector rejects it. We know we cannot expect to
eliminate all cases like that, as there are human beings on both sides of
the fence. However, we believe that we can go a long way in approaching
our ideal if, on both sides of the fence, before and after the presenta-
tion of equipment to the Government inspection, there is a common under-
standing as to what constitutes a defect, a common understanding as to
what constitutes acceptable quality., This means a common understanding
of a defect, a common understanding as to which defects are more serious,
a common understanding as to how effective a job must be done in removing
these defects, that is, what the Government inspection uses as a measure
of acceptable quality in terms of provortion of defects remaining in the
product presented,

3. Arriving at a common understanding on acceptable quality is a
highly essential part of our program., From that alone, come the most
important benefits of our program, For this reason, I am going to elabo-
rate a little on how we achieve these understandings,

4. Our common understanding as to what constitutes a defect, and
the relative seriousness of defects, is reached in consultation between
the Signal Corps and contractor personnel, during which an analysis is
made of the probably effect of the defects on field use of the equipment,
In any cases where this analysis shows that the Signal Corps has been
making rejections for certain imperfections which have no effect on field
use, the Signal Corps will be ready to correct its practice so that these
items no longer are causes for rejection, Likewise, if it is found that
the contractor personnel had been omitting to look for and eliminate cer-
tain defects which are shown by this analysis to have an effect on field
serviceability or 1life, it will be expected that the contractor will
correct his inspection practices accordingly. The result of this step is
a list of standard defect definitions supnlemented by samples where neces-
sary.
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Principles of Quality Control (Continued)

5. Next we come to the question of standardizing on number of
defects, that is, how many defects can there be as a maximum in a given
amount of product which will be acceptable to the Government? TVhen ex-
pressed in just that way in number of defects per given amount of pro-
duct, we call it our "Acceptable Quality Level®™, There are other ways
of expressing it, For example, in the case of an electrical character-
istic it might be expressed in terms which involve the average of the
measurements of that characteristic and the spread, that is, amount of
variation. In any event, however, our acceptable quality is determined
from two primary considerations., First, what can the field live with
in terms of number of defects without causing an appreciable effect on
overall operation and maintenance of equipment., Second, what can the
processes produce = the manufacturing processes which are normally
employed for the equipment and the manufacturer's inspection, as practiced
by the average manufacturer of a good quality product in the industry
concerned, Of course, we have no means of knowing this on an entirely
new product or an old product under an entirely new specification, 1In
such cases, our procedure is to begin by inspecting a large proportion
of the product until we get the information needed, in the meantime, using
some kind of temporary acceptance basis until our acceptable quality level
can be established from factual information.

6. The Acceptable Quality Level is thus determined by considering
these two factors: Field needs and the capability of manufacturers, If
we are lucky, the two factors will give us the same result or, still better,
it will be found that the manufacturers are capable of giving us a better
product than the field must have as a minimum, If we are not so lucky and
there appears to be no way of improving the output, a suitable compromise
must be reached, based on realistic consideration of practicalities, and
consideration of the quantity as well as quality that we must supply to
the field,

7. Common understanding on these things has been found by experience
to place us a long way on the road towards our ideal set up. It enables
the contractor to instruct his own personnel definitely as to the defects
they should inspect for and eliminate and how they should apportion their
effort, on the more serious and less serious defects, This enables the
contractor to assume the responsibility for presenting an acceptable quality
of product to the Government inspection position and enables the Government
to limit its inspection to a mere verification that an acceptable level of
quality is being maintained, This can normally be done by the use of sam-
pling plus a quality control analysis of the results with the amount of
Government inspection dependent on the amount of assurance needed and the
evidence that the levels are satisfactory. This defines fairly well our
ideal set up, the objectives of this program.

8. Restated, our objectives are these: Through common understanding
of acceptable quality, and through definite assumption by the manufacturer
of responsibility for maintaining that quality level, to reduce the impact
of Government inspection to a minimum, To make the Government inspection
merely a tool to verify that the quality level is being maintained and fur-
nish information to the manufacturer which will aid in maintaining that level,
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The less often Government inspection causes any action such as rejection
of quantities of material, the closer we are to our objective. Our aim
is a smooth flow of material through the Government inspection position
and on to shipment to the points where it is needed.

9. Insofar as possible we want to 1ift the Government inspection
out of the manufacturing processes, out of the assembly line, and place
it only at the point where the manufacturer is ready to present a produc-
tion which he has screened and is maintaining normally at the quality
level agreed upon,

10. TYou probably will want to know a great deal about the kind of
Government inspection we employ under this program, at our inspection
position, That varies from one product to another, so I am going to
leave most of that to the next talk which concerns the application of
this program specifically to crystals. A few things should be pointed
out at this time however., First, we use sampling wherever we can, except
on operating tests on completed units of radio or telephone equipment,

We employ where we can sampling procedures of a type which is being
standardized for the Army Service Forces. In some cases we develop spe=
cial procedures for special cases, based on fundamental sampling theory.
The procedure used depends considerably on what is found feasible as a&n
acceptable quality level. This brings out the point that the proper in-
spection procedure can not be determined until we have found what quality
level is feasible. This means that if a sampling procedure is incorporated
in a new specification at which time there has been no opportunity to
determine what level is feasible under the new requirements, quite likely
it will not be the most efficient procedure and may not even be workable
if it turns out that the quality which can be produced can not pass the
acceptance criteria which were set up, For this reason, for purposes of
this program, we advocate either omitting definite sampling procedures
from a new specification or leaving them subject to change after the pro-
duct has been analyzed. Possibly the manufacturers may feel some cbjec-
tion to not having a final sampling procedure tied down in the specifica-
tion originally., However, it will be recognized that the manufacturer has
considerable to gain if the procedure is determined later, taking into
consideration the realistic aspects of production and inspection,

11. In closing my own remarks, I want to say that we are quite proud
of the accomplishments of our quality control program so far, on various
kinds of products. One of its biggest accomplishments is that it makes for
a consistent inspection, day after day, by both the contractor personnel
and the Government personnel., We have accomplished a smooth flow of pro-
ductions to shipment in cases where such results were not thought feasible
before on the products concerned., Both we and the manufacturer have felt
highly gratified by the results,
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WEXTRACTY
QUALITY CONTROL APPLIED TC CRYSTAL INSPECTION
Lt., L, J. Jacobson
O/C, SAMPLING & INSPECTION RECORDS SUBSECTION, SCIA

(Editor's Note: The following talk was presented at the con-
ference almost entirely as a blackboard demonstration; consequently
the original steno-~typist's notes were in many cases meaningless
because of their repeated reference to informaticn that wss shown on
the blackboard.

As a result of the conditions outlined above, it has been nec=
essary to edit the steno=typistfs notes appreciably in an effort to
make the following information reasonably complete to attendees of
the conference without the use of drawings and cther illustrative
tools which were used at the original discussion.)

1. In discussing applications of quality contrel techniques to
the inspection of crystal units, it would be well to take time to re-
view the overall objectives of the program - covered in Major Brearty's
talk - define some of the expressions and terms we will use; describe
some specific applications to crystal unit inspection and try to analyze =~
in some detail - the problems facing us in the 1light of the new specifica-
tions which are now, or soon to be, applicable,

2. Let us place ourselves, for the moment, outside of the ship~
ping door of our plants, Take the position of the men in the field
service, on the receiving end - the ultimate consumer of these crystal
units, Thanks to your efforts, the ultimate consumer of crystal units
is in regular receipt of thousands and thousands of crystal units, This
ultimate consumer has a rather sound, even if rough, method of measuring
quality, If, in a large bulk of crystal units, very few were found which
did not operate as intended, the bulk would be described as a "good
quality lot," If, in a large bulk of materisl, many defective units -
units which did not operate as intended ~ were found, the shipment would
be called a "poor quality lot." This measure of quality used by the
ultimate consumer is quite effective. That isr many defectives signi-
fying poor quality; few defectives gignifying good quality.

3., It is safe to assume that the man in the field is net imme~
diately concerned with whether the crystal unit failed to operate as
intendad because of a mechanical rupture in the case; because of mis-
calibration; because of moisture leakage; or because there wasn't any
quartz plate in the holder. Deficient operation is deficient operation.
Reasons for deficiencies are usually not of immediate interest to the
man in the field and the analysis is left to us who have the time to
worry about reasons, We have the responsibility for measuring and con=
trolling the number of defective units being shipped to the field and
for knowing the specific contribution of esch and every cause to the
overall percentage of crystal units which don"t cperate as intended,

We are responsible for investigating, understanding, and controlling
these reasons for failure. It is from this point of view or approach
that "quality level” is best defined.
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Le The "quality level” could be measured as the percentage of
crystal units being supplied for field service = averaged over a period
of time - which will not operate as intended. The ultimate consumers?
"acceptable quality level," would be the maximum percentage of defective
crystel units permissible, for effective field use. For the manufacturer
and Government®s inspector, the "accepteble quality level" could be de=
fined as the poorest quality, in percent defective, which a contractor
be permitted to present, continually for Signal Corps acceptance and
which the Signal Corps will continually accept,

5. If quality is to be evaluated by measuring the percentage of
defective or non=-conforming units being shipped to the field from the
manufaecturing plants, it is essential that we all know what a non-con-
forming or defective unit is, Before developing some methods for meage
uring quality, let's consider some practical aspects of determining
when a unit does not conform to specification requirements,

6., The wasic statement of the Government's requirements for
crystal units is contained in the contract and its specifications., It
is recognized that crystal specifications have been subject to extensive
revision and have been modified tc keep pace with ~ or lead the devel-~
opment of - the industry, There is little doubt -~ in fact this con-
ference has already supplied an abundance of evidence -~ that further
revisions and changes in standards and requirements will be made as the
needs of the field require them, Nevertheless, at any given time, for
any contract, the existing specification is the best available expression
of the Government's minimum needs. The specification usually describes
the minimum requirements of a crystal unit through the medium of per-
formance or acceptance tests, If the specification is an adequate state=
ment of field needs = and neither the contractor nor inspector can assume
otherwise - then it follows that any crystal unit which passes sach and
every requirement of the specified scceptsnce tests will be satisfactory
for field service. The first practical question on hand is how to con-
duct accentance tests.

7. Note: At this point a detailed discussion of typical or
illustrative acceptsnce tests prescribed by either A¥S €75.11 or Spec,
71=3046 was made using blackboard illustrations. The points covered in
this part of the talk were concerned largely with the sequence to be used
in performing acceptance tests and the significance of the sequence of
testing used in measuring non-conformance. In outline, the following
points were included in the discussion,

8. The 10 or 12 acceptence tests currently prescribed are
supposed to be done (accerding to present specification) in the order
listed in the Specification., This is recognized to be difficult in many
cases because of the length of time required to complete all acceptance
tests on the same sample.

b, It is desirable to break down these acceptance tests so

that as many as is possible can be done concurrently on different ssmples,
The Laboratories have under considerstion a breskdown of tests.
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¢. The listing of acceptance tests in the-order in which they
should be performed is an engineering problem. 4 sequence of testing
¥hich makes performance tests as close an approximation as possible to
actual field service conditions is desirable, The following illustrative
sequence of / acceptance tests to be done in the order listed was discussed
in details

(1) Drop = vibration - seal =~ internal inspection, In this
sequence, the internal inspection test is made on the crystal unit which
has already experienced drop, vibration, and seal tests, The crystsl is
internally inspected under most severe conditions in that the results of
internal inspection following the three previous tests slready mentioned,
might be significantly different than the results of an internal inspection
test performed on crystal units which have not gone through the rigors of
a drop, vibration, and seal test.

(2) It was pointed out that if several accepiance tests
bore an engineering relationship to one another and that if one test did
not have proper meaning unless the crystal unit undergeoing that test had
been subjected to another preceding it, then all acceptance tests which
must be performed in sequence could well be grouped as a ¥basgic group test!
and a crystal unit which failed to meet one or more of the specified re=-
guirements of the acceptance tests in the group might well be considered
as a single non-conforming unit for the group test,

8. We have now developed our definitions of "acceptable quality
level” and a basis for establishing "basic group tests,” For each "besic
group test," the percentage of units in any lot or sample which are non-
conforming or defective can be measured, Over a period of time our as-
similated inspection records would show the process average - the percent
defective for each "basic group test," Similarly, the process average
in percent defective for all basic group tests taken together can be
determined, by adding together the individual percent defective of each
basic group test. Before discussing some of the specific guality control
acceptance techniques and sampling schedules which could be used in erystasl
inspection, we should pursue this subject of non-conforming or defective
units a little further. Before we measure quantities of defects we must
have a common understanding of what a "defect® is, It would be silly to
develop statistical methods of measuring quality levels, prescribe group
tests, ete., if we don't know a defect when we szee one, or conversely we
don't know a good unit when we see one, General Colton said yesisrday
that he understood that a major question con the floor was "what is an
obvious scratch,” Until this question and others of a similsr nature are
resolved to mutual satisfaction of the contractor end inspector, measure=-
ments of quality will be seriously affected by the vagaries of iadividual
opinion and judgment,

9, In cases where conformance or non~conformance of a crystal unit
to the requirements of an acceptance test is determined by meter measure-
ments « activity, frequency, stating time, few problems exist. Nearly
everybody will read a meter with sufficient accuracy sc that unanimous
opinion on whether or not a crystal unit is on proper frequency or develops
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proper activity can be obtained. If acceptance tests covering mechani-

cal, visual, and internal inspections are to be given equivalent status
with electrical or temperature tests in determining acceptability of a
crystal unit, then it is essential that an equivalent degree of clarity

in defining a defect should be developed for these former tesits as is now
available for the latter, The contractor is entitled to know what a con=
forming or non~conforming item is for these visual tests if he is expected
to adjust his processes, ineluding his own inspection so as 1o present
crystal units substantially free from defects. The contractor is also
entitled to know that the Signal Corps inspector is using the same defini-
tions of defects. The Inspection Agency realizes the necessity for es=
tablishing uniform acceptance criteria for Crystal Units at all inspection
points and for all personnel, Perhaps insufficient atiention has beenpaid
by contractors, inspector in supervisory levels, and Signal Cormps laboratory
organizations to clearing up these questions involving workmanship standards.
It is a job that belongs to all of us and should be started immedistely.
Several suggestiong of immediate practical value might be tried.

Note: The subject of establishing physical standards for defects
in visual and mechanical inspection was discussed with the use of
blackboard illustrations. The program inaugurated by the Inspec-
tion Agency and the Laboratories to develop and issue defect stand-
ards was discussed. The contractors were requested to teke the
initiative in cooperation with resident inspectors in compiling
examples of visual defects which were especially troublesome at
their own plants. The role of the Zone Crystal Ceoordinstors and
Agency Coordinator in comwiling and standardizing these standards
were described,

At this point in our discussion we have covered the principle lines along
which we would mrrive at an "“Acceptable Quality Level'; the organization
and use of acceptance tests for measurement of quality performance and
how to establish workable standards for defects to be used in comnection
with the acceptance tests which reguire judgment decisicns. With this
background we can discuss the procedure for srriving at a value for the
"Acceptable Quality Level's the definition of the contractors® respon=-
sibility in production of materiasl equal to or better than the "Accept-
able Quality Level"™ and the responsibility of Government inspection in
developing sound inspesction accepltance procedures to protsct the con-
tractor from unjust rejection - rejection of good material - and to
protect the using services from unjustified acceptances - continuing
acceptances of material containing defectives in excess of the minimums
established by the "Acceptable Quality Level," To review = an "Accept-
able Quality Level® from the point of view of the manufactursr and in-
spection, is the maximum percent defective that the contractor can
continually submit for acceptance and which will merit continual accept-
ance by the Signal Corps. The acceptable quality level to be established
for the crystal industry will depend on the practical balance between

two significant factors.

2. What percentage of defective or non-conforming units can
be supplied to the field and still meet their needs for effective operation,
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Quality Control Applied to Crystal Inspection (Continued)

b. VWhat level of quality can present mass production processes
be reasonably expected to deliver, Let us consider the second factor -
the simpler one to evaluate at the present time - and review a method for
determining what quality level can be reasonably expected from a number
of representative crystal manufacturers,

10, A simple method for establishing a tentative acceptable quality
level for the crystal industry might be based on a thorough analysis of
the production performance at some 10 or 12 plants., If, for a representa-
tive peried of time, we found that these 10 or 12 producers were delivering
material of reasonable uniformity from day to day, then the process averages
based on inspection results of these manufacturers would be a rather accu-
rate estimate of the quality of materisl being shipved to the field from
these plants. The Signal Corps would not be tsking an unreasonable stand
if in the initial stages of its quality control program it established for
the industry a quality level based on the average process performance of
these selected plants, It might develop, and should be expected, that the
acceptable quality levels based on the preduction performance of these
selected plents would be significantly better than the gquality currently
being delivered by the rest of the industry. BRequiring the rest of the
industry to conform to such a standard may place a demand for improvement
and better control of the current processes - including contractor inspec-
tion - at all a%her peints. It can be seen that from a sensible evaluation
of inspecticn records that a grading of contractors in the order of their
quality of performance can be esteblished snd would be an extremely valu-
able piece of information for the Signal Corps., DBy a series of successive
stess involving: xirsflJS establishing a tentative acceptable quality level
wased on performance of some 10 or 12 manufacturers: secondly, prescribing
equlvalpnt performance for the rest of the zﬁdmatrvg thirdly, measuring
the performance of all plants on a comparative basis - & thoroughly rea=
sonable acceptable quality level should be developed for the entire ine
dustry. Developing an acceptable guality level would allow the Signal
Corps to specificelly require of the manufacturer that his productien
processes consistently deliver material not worse than some predetermined
and specified percent defectivs.,

11, For illustration, let us assume accepiable quality levels of
1% for any one group test and 2% for all tests taken together was estab-
lished, It would be the responsieility of the manufacturer to control
his processes to the poin+ where uniformly and consistently, material
would be presented for Signal Corps acceptance which would not be sig-
nificantly worse than 2% defective for all grouped scceptance tests taken
together; and of that 2% no more than 1% could be contributed by any single
acceptance test. This is one simple but effective method of stating the
contractor’s responsibility in the production of good guality material,
(It might be of interest to point out that our wreliminary investigations
to date indicate that no mamufacturer for any type of crystal is meeting
quality levels which I have used for illustration.) When we speak of
production process which must be so controlled as to consistently deliver
material equal to or better then the AQL, the inspections performed by
the contractor at every stage in the process are considered as much g
part of the production process as the preduction tocls and metheds in use,
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Quality Control Applied to Crystal Imspection (Continued)

maximum, none of the 5000 should be accepted. There appears to be
little justice in returning two lots and accepiing three if the quality
of all 5 is substantiglly the same, This is an illustration where
discrimination between good and bad quality loteg lszaves much to be
desired and where ineffective discrimination places an unjust penalty
on the contractor producing an acceptable product and allows acceptances
of batches of unacceptable quality presented by poor guality producers,
The using forces loses both ways.

14. Let us essume, for purposes of illustration, that a contractor
consistently produces material which is 50% defective for some charac-
teristic and consistently presents material of this level for Signal
Corps acceptance. It is quite conceivable, though the illustration is
for an extreme case, that common methods of sampling now in wide use
would reject submissions of material conteining 50% defective in the
order of 75% of the time, Nevertheless, due to chance causes, 25% of
all submissions are accepted, Operation under this system, while
materially reducing the flow of material from thsait contracter’s plant
may still allow 25% of the shipments to be made whose quality way not
appreciably better than 50% defective. It may be recognized that under
systems of sampling inspection in common use the materisl shipped ocut
the back door may not be substantially diffarent than the quality of
material submitted for Signal Corps acceptance, That ig as it should
be - provided material presented for amcceptance is of the proper quality
level, However, the major deficiency of the common gampling methods
now in use is that they attempt to judge the merit of esch independent
lot submission by means of e small sample without any regerd for svale-
vating the overall quality level and uniformity of material being
presented for acceptance. If a contractor is operating at a process
gverage of 10% defective, there is little justification for utilizing
the same sampling schedules at hiz plant ag sre being ntilized at the
plant of a contractor consistently producing material at a 2% level,
Systems in common use specify an identical inspection load and use the
same acceptance criteria at different plant locations regerdless of the
quality levelg being maintained at these locations.

15, In general, it might be stated that good quality producers
suffer most from the vagaries of arbitrary sampling schedules snd it
follows that the injustice of such schemes gives 1little protection to
the using service., The Signal Corps Ingpection Agency, based on ax-
tensive work done by the Army Service Forces, has avallabls the means
for setting up sound sampling schedules hased on predetermined state~
ments of acceptable quality level and designed to give both contractor
and the Government maximum protection ageinst vagaries of chance, In
a nutshell, the effectiveness of statistical inspection tools iz basad
on the principle that production processes are conirolled to a point
where a high degree of uniformity of production is obteined - day in
and day out, The samples selected from independent lot submissions
cumulatively added together give a more securate picture of this over-
all consistency and level of the process. This line of sciion calls
for a continued analysis of inspection records and by such analysis
to obtain accurate information on the unifermity and level of quality.
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Q@ ality Control Applied to Crystal Inspection (Continued)

16, We would propose the use of a double sampling scheme for most
acceptance tests in crystal unit inspection, Such a scheme would operate,
briefly as follows: A sample from each lot of material presented for
acceptance is chosen and thoroughly inspected. The allowable number of
defecte for this first sample is predetermined, and on the baszis of the
first sample one of three actions is taken., The lot of materisl is
accepted as being consistent with the acceptable quality level; the lot
is returned for rework and reinspection because the sample shews the
lot to be significantly worse than the acceptable quality level; if
neither of these two actions is conclusively indicated - a second and
larger sample is chosen, Upon inspection of the second sample accept-
ance or rejection of the lot is made on the basis of the number of
failures found in the combined first and second samples inspected. We
would also propose the use of flexible sampling schedule to operate
roughly as follews: Vhere a contractor is comfortably meeting the AQL
without a lot to spare, normal sampling would be used., Where the pro-
cess average is significantly better than the AQL, a reduced sampling
gchedule would be used. Where the process average is found to be
appreciably worse than the AQL, a stricter sampling would be used. It
is by the use of a flexible system which applies a sampling scheduls
whose rigor is adjusted to the production performance at each plant
that effective discrimination between good and bad quality is really
obtained. The pay=-off, reduced sampling schedules, is given to the
good quality producer and the rod, so to speak, is applied through
the medium of stricter sampling schedules to the poor quality producer,

17. We find that control chart techniques of analyzing data are
applicable to the wash test. We have also found at many plants that
the washing process shows a high degree of consistency at good quality
levels. The use of control chart techniques as an acceptance tool
for the wash test would normally result in a reduction in inspection
effort. It might alsc be pointed out that the use of control chart
techniques for this acceptance test helps solve many puzzling questions
that confront both the contractor and Signal Corps inspectors. The
specification may state, for example, that a maximum change in fre=-
gquency after wash shonld be 600 cyecles, By definition, a freqguency
change of 599 cycles would be acceptable, but a frequency change of
601 would warrant rejection. This may not be the intent of the
specification, but a rigid interpretation of presently specified re-
guirement leaves us no recourse, but tc accept 599 cycles and reject
601, Actually we have not made use of all the information made avail-
able by our inspection wherein 10 discrete readings of change in fre-
guency are made for each lot of material presented for acceptance,

No use is msde of these 10 readings except to leok for those single
values in excess of specification requirements. Proper analysis of
accumulated dste for wash test by control chart methods would give us
a very accurate plcture of the quelity level and degree of contrel of
the process,

Note: Blackboard demonstration on use of frequency distributions

and the development of control chart 1limit lines were used here.
lackboard drawings of operating characteristics of proposed
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Quality Control Applied to Crystal Inspection (Continued)

statistical sampling schedules and sampling systems in current
use were drawn. The documentation of the contractor's respon-
sibility by statement of AQL and the responsibility of the
Signal Corps inspection to provide adequate assurance to the
contractor that only justifiable rejections are made while
affording the Government protection against acceptance of
defective material was demonstrated by the operating charac=-
teristics of proposed sampling schemes,

18, To review, the overall objectives of a quality control program
ares

a. To give the contractor a clearly defined and documented
statement of his responsibility for the production of material of accept-
able quality.

b. To give the Signal Corps inspector an equally well defined
method of inspection so that accurate measurements of the degree with
which the contractor has met his responsibility can be made.

c. To establish for both the contractor and Signal Corps a
common understanding of acceptable quality for all acceptance tests,

d. To utilize the Signal Corps inspection position only as
an effective tool in the measurement of quality and for all cases where
the contractor discharges his responsibility to guarantee the smooth,
uninterrupted flow of material through the Signal Corps inspection posi=-
tion to the field.

e. To establish uniform acceptance criteria at all Signal
Corps inspection points throughout the crystal industry,

Colonel Harris' organization in cooperation with other Signal Corps
agencies represented here today, is inaugurating a program for the
clarification of mutual problems facing the manufacturers and Signal
Corps inspectors, and for the introduction of quality control accept-
ance inspection methods wherever possible. You people will be called
upon to give us the utmost in cooperation. Where necessary we will
call for increased effort on your part to obtain greater uniformity in
production and contractor inspection, It may be necessary to require =
in some of the initial phases of our work - an increased number of samples
to be chosen and tested by the Signal Corps inspectors. I feel freze to
make the categorical statement, that without this cooperation of the
contractors in this mutually beneficial program no reasonable success
will be achieved, It is not the policy of Colonel Harris® organization
to require people to take different approach on inspection by means of
a directive. You are entitled to - and will receive - as complete a
statement of our objectives and purposes as is possible when we come

to ask you to do some special work to help us get this program under
wayo.
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CRYSTAL TESTING EQUIPMENT
CAPTAIN E, F. MITCHELL
0/C CRYSTAL BRANCH,

CAMP COLES SIGNAL LABORATORY

1. I shall talk on crystal testing equipment, but limit myself to
consideration of those items of test equipment which are peculiar to
crystal testing.

2. The two items of special equipment used in testing crystals are
test oscillators and seal test equipment. Let us consider the seal test-
ing equipment first, Heretofore we have generally tested the seal of
crystals by immersing them in a container of water, placing the water in
a vacuum chamber, and reducing the ambient pressure. Although this
method does show up most units that have bad leaks in them, it has
several weaknessess

8o It is not reproducible,

b. It does not show all leakers.

&. It is possible by the application of this test to intro-
duce a bit of water into the holder and yet have the erystal unit pass
the test. At some later date, after the crystal units have been accep-
ted, it is reasonable to expect that this drop of moisture will canse
the crystal unit to fall.

4. Because of its semi-destructive nature it is usually
applied only as a type test,

3, Although this test has been unsatisfactory in several respects
it was, until about a year ago, the only seal test we knew how to apply.
Abont that time there was developed, by Bell Telephone Laboratories, an
equipment for actually measuring the rate at which air will leak out of
a crystal holder if the unit is subjectzd to a reduced ambient pressure,
To do this several units are placed in crystal sockets in a vacuum cham-
ber, the pressure reduced to below one inch of mercury and through an
external switching arrangement a DG potential of about 1500 volts is
alternately applied to each unit, When the pressure within any unit is
reduced to 10 inches of mercury absolute that unit will permit soc much
ionic current between the electrodes. By determining the lemgth of time
required for the pressure inside the holder to drop to ten inches of
mercury with an external ambient of less than an inch we gain an idea
of how rapidly the unit leaks. It is of course necessary to calibrate
the various designs of units for this test. Furthermore theoretically
each frequency would have a separate calibration, for the frequency of
the unit determines that of the oscillator plate and, therefore, the
spacing of the electrodes is determined by the thickness of the oscilla-
tor plate and hence (for any given cut) by the frequency. However, it is
feasible to group many frequencies under one calibration.

4, Various troubles may be encountered in attempting to apply this
test, If the edges of the electrodes are burred the test may be invali-
dated. Certain care must be taken in inserting the crystal units in the
sockets within the vacuum chamber, otherwise arcs may occur dbetween
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crystal holder pins. Certain units will pass the specified amount of
current at room temperature, This is probably due to inclusions con-
tained in the oscillator plate possibly rutile needless (titanium
dioxide). Such units of course cannot be tested for adequate seal in
this manner,

5. However, with a 1little use and investigation, it is believed
that this type of test can be made applicable to substantially 100% of
the production of any given type of crystal unit. It is now being
successfully used in at least three plants on crystals as widely diver-
gent in characteristics as pressure mounted BT cut units and plated CT
cut units. This is a test which can be rapidly applied, is non-destruc-
tive, there being no danger of so affecting the units that a fallure
will occur sometime after the test, and can, therefore, be applied to all
units (except those few units which pass DC through the oscillator plate
itself). Furthermore, it is believed that the results obtained by this
method will be far more reproducible than results obtained by an immer-
slon test. Practically all present crystal specifications require that
crystal units be tested by this method as soon as the equipment is avail-
able,

6. The other item of test equipment used in the testing of crys-
tals i1s the test oscillator. Let us see what is required of the crystal
test oscillator, It has always been generally known by crystal people
that a given crystal unit does not have a unique frequency but that ite
exact frequency at a given temperature is determined by the circuit in
which i1t operates. It is the shunt capacitance which the oscillator
circult presents to the crystal which exactly determines the frequency
at which a crystal unit will function. It has not always been so well
understood that the relative activity of a crystal unit is also deter-
mined by the characteristics of the oscillator circuit in which 1t is
used. However, I believe this is now generally recognized. The partic-
ular characteristic of the oscillator circuit which effects the relative
activity of the crystal 1s that characteristic of the oscillator cir-
cuit which permits a particular crystal to oscillate with a certain
amplitude of vigor. This can be thought of as the effect of the oscilla-
tor circuit on the RF voltage which the circult places across the
crystal or the RF current which the circuit censes or permits to pass
through the crystal. This characteristic is frequently not critical and
probably 1t 1s sufficient for a given crystal simply to have the current
which passes through it be below some certain level. Nevertheless this
fact should not be completely ignored in discussing, specifying or using
test circuits. Let us then say that the following two conditions are re-
quired and sufficient of a test oscillators

8. It should present to the crystal unit the same shunt
capacitance as the "use® circuit.

b. It should drive the crystal unit as hard as does the "use"
circuit.
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7. In starting off fresh it would of course be possible to
achieve the same end result by a different appPoach. We could then
choose to test the crystal in any circuit selected and require that any
new equipment designed to use such a crystal should look to the crystal
the same as the selected test circuit. However, in most cases, we have
been prevented from doing so since the various equipments which were to
use crystals were designed without reference to any particular crystal
or crystal test oscillator.

8. It has become necessary in the procurement of crystals to select
some suitable test oscillator. In prosuring crystals for operating a
particular plece of equipment the most obvious answer to the question of
vhat test oscillators shall be used is to agree to use the actual equip-
ment in which the crystal will operate., This is a very reasonable solu-
tion and is workable and many crystals have been bought in just that
manner. However, the use of the radio set presents certain difficulties.
In the first place, it is necessary to select and maintain an average or
a minimum set as a standard set and make all other sets used as test
oscillators agree with that set. This 18 not easy. Moreover many radio
equipments are too large and cumbersome., One other difficulty is the fact
that it is frequently not feasible to vary over a wide range the tempera-
ture of a crystal unit while 1t is inserted in a radio set, nor is it
feasible to vary the temperature of a complete radio set. It, therefore,
nay become necessary in using a radio set as a test oscillator to pro-
vide a jig which had leads from the crystal socket of the equipment to a
crystal socket contained in a temperature box. This, of course, adds to
the capacity across the crystal and may easily destroy the frequency
correlation. It is possidble to avoid the difficulties peculiar to the
use of a radio set as a test oscillator by designing a simple crystal
oscillator which looks to the crystal the same as does the ™use" circuit.
This test oscillator may be designed with leads going into a temperature
box as part of the oscillator circuit. Thereby frequency correlation
with the radio set is odbtained. Usually a simple one or two tube oscil-
lator, both inexpensive and small, can be correlated sufficiently well
to a complex radio set circuit. Such oscillators are already used in
specifying and testing of S8ignal Corps crystals. I believe that they
have generally been referred to by the industry as "S8ignal Corps Black
Boxes"., I doudt that this name was applied because they were painted with
black enamel. It is virtually impossible to define the effect on a
crystal unit of one of these 80 called "black boxes®, If they are to be
used the only way of giving numerical value of activity is to estabdblish
a series of standard oscillators, making sure that the characteristics
of the control oscillator do not change, and relating the characteris-
tics of all other oscillators in use to the primary standard. However,
this is a difficult task and will of necessity always be a potential
source of arguments.

9, Despite the dAifficulty in using such test sets as a means for

specifying crystal performance many millions of adequate crystals have
been procured for the Signal Corps on Just such a basis. The problem may
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not be serious if the activity required of the crysital is not critiecal

to elther party. By that I mean if the walus of activity specified 1is
not difficult for the manufacturer to produce and contains a sufficlently
large safety factor that a crystal unit with an appreciably smaller
activity will operate the equipment adequately. However, when we are
faced with the problem of providing crystzl for eguipments which require
a crystal as good as it is practicable to preduce in guantity the prod-
lem becomesg very acute.

10. If the simple black box is to be used, it ig reguired that
the Signal Corps design a black box for each radic set for which crystals
are procured, standardize and maintain a series of standard cscillators
to which the test oscillators in the various mamufacturing plants can be
referred, and constantly check calibraticn. This ig awkward and imprac-
ticable, It was, therefore, censidered advisable to provide universal
or at least adjustable test oscillators which would have such controls
on them as would enable the oscillator to be adjusted to simulate to the
crystal any of a number of equipment. If a test oscillator ls to be
ternmed universal it must be capable of presenting many varieties of
capacitance to the crystal and it must alsoc be capable of sscillating a
given crystal with varlous degrees of amplituds, The design of such an
instrument appears tc be very complicaeted. However 1% iz guite sasy to
design an eguipment which hag adjustable copaclty but which can cause
any glven crystal unit to vscillate with one degres of wigor,

11. Two zuch oscillators have been designed, ons or the other of
which is now used in specifying the majority of Signsl forps crystal
units., I refer of course to Test Set AN/TSM-1, a Signal Corps equipment
developed ocut of the old Westerm Hlectric "DV Specification Oscillater,
and to Galvin's Model CES-1 Oselllator. The Aﬁf@%ﬁml ewpiorves a Miller
eireult and the CES-1 employes a Plerce cirenli., Currently work is golng
on at the Leboratory to convert specifications for varieus crysial units
inte termes of performance in one or the other of thess equipments, It is
believed that all the crystals the Signel Corps reguires are cepadble of
being so defined except some units which are used as filter orystals and
crystal units of the tyve housed in Holder FT-241-4.

i2, There are words which have similar dictionary nesnings and
which heve been used synomomously by crystel people., I refer to fhe
words correlation and calibration., Allow me %o give zy definition oz
these wordss:

g0 Correlation iz the sct of establishing known electricel
relatiomships between two pleces of equipment such ass

(1) 4 zadioc set and a Stands
{2} MTwo sbandard crystal %
{3) A standard erystal test se

rd € . Test Sev or

b, OCalibration iz the act of adjusting any crysbtal test set
such that 1t beconmes a device with which messuremente of crystal quality
may bte made in ferme of a previously esteblished scale.
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13. Although the design of adjustable test oscillators is not
difficult, the problem of maintaining calibraticn is extremely difficult.
This difficulty is increased as the number of sets to be simulated is
increased and probably the increase is much out of propertion to the
ratio of the number of sets simulated. Therefore, it has been neces=-
sary to provide some adequate means of calibrating the various sets.
The original method of calibration was to take crystal units and ingert
them in a standard which might be a radio get or & %est szclillator and
then in the test set being calibrated, and ad just the test set being
calibrated so that it gives the ssme indicatlion of activity for a glven
crystal as did the standard. This method ie wesk since if a orystal is
operating near the temperature of an activity dip, the activiiy can vary
materially over a short period of time due to changes in temperaiure,
Parthermore, we know that crystals change in their activity with time,
We now understand that this iz caused by aging and feel that we can
prevent it by proper mamifacturing processes., However, a few months
ago this was not the case; hence, the maintaining of standsrd crystals
to be used for calibrating was impracticable. Purther it is desirable
to calibrate at the specified minimum level of asctivity but 1¢ is
usually difficult toc get crystals of such ectivity. The sotivity of
a crystal unit can be knocked down artificially by ma;%ﬁné & rveaistance
in series or parallel with 1t or by dirtying or grinding the face of
the oscillator plate. The first method is most cenvenient, tut may
not glve too accurate results. The second method is not convenlenty
however, it may give better results.

14, The scheme of using caelibrating coils or artifielal crystals
was envisioned and such a coil was provided for the Western Flectrie
DH Specification Oscillator. However, this method, as first applled
was weak in one respesct, namely that the test oseillator was calibrated
2t an indicated level of activity several times the minimum level of
activity specified for the crystals whose perx@vman@@ wag defined in
terms of operation in the $est set. This means that extrene oz
mist be taken in fabricating the test osclllators 9@ that each unlt
is as nearly a6 possible exactly like all other unite. Purther cars
mist be taken in handling them so that this similarity g destroyed,
However, Camp Ooles has recently evolved g method of calilb: the

AN/ TSM-1 wherein the equ ipment may be calibrated at any s lavel

of activity. This means that when used for testing cor TG
curement 1t can be callbrated at the minimum sgpecified le S activity.
The test seis, which have recently gone out to the 8lgnal Corps Iuspec-
tors gt all plante manufacturing CR-1%s, are provided with calibration

eoil and lnstrvctions for calibration in this manner
that this methed of calibration wilil provide stan
plant which will give within £5% of the mean at th
activity. This is schually superier to the tole
used in these egquipnents. These meters hava a0
scale value or0.02 na. at all parta of the
estimate of 5% sounds very sanguine, leborat
units and variocus calibrating coiles indicalss
aceurscy can be anticipated.

e iwew hcgiaﬁﬁ
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15, The scheme employed in this method of calibration has been
extended to the CES-1 and we plan to provide artificlal crystals for
use in calibrating these equipments to simulate various radio sets,
These artificial crystals are currently being tried out by Signal Corps
personnel and we have sent instructions to Galvin to see if they can
use a coill which they have fabricated in accordance with our svecifice~
tions. It 1s hoped that by use of such artificlal crystals we can eli-
minate the necessity for such great care in fabricating and maintaining
test oscillators. This would permit the checking of calibration at
plants or at the Laboratory without carrying standard oscillators from
place to place. Furthermore, 1t will be possible to specify completely
a test set. This 1s 8o because the artificial crystals can be completely
defined by a drawing, which gives the value of the total resistance and
reactance which the artificial crystal has at any one frequency. Hence
tc define completely a test oscillator, it will be necessary only to
glve a schematic and possibly the layout of the test osclllator and define
ite calibration with reference to its performance with a standard arti-
fieial crystal inserted in the crystal socket. Let us hope that this can
be reduced to acceptable specifications very rapidly for once it has been
accomplished, one of the greatest ambigulties in crystal specifications
will have been removed.

16. I belleve that when we have accomplished this we will have pro-
vided a completely usable and adequate test set for specifying and pro~
curing crystal units. However, such a method of specifying and testing
erystals will not satisfy the Laboratory for crystals will still be
defined in terms of thelr performance in some artitrary circuit and it
iz obriously desirable to specify a crystal in terms only of 1tself,

I bellieve that it is possible to do this but because of the fact that
certaln characterlistics of crystal units vary one with the other and not
in & straight line relationship, the problem is extremely trying. How-
ever, we are now pursuing an investigation of measuring and specifying
crystals In absolute terms and of course if we can achieve that goal we
will then use such definition of crystal units in specificationsz. The
day 1g, I am sure, at least six months off.
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CRYSTAL SPECIFICATICNS
Captain E. F. Mitchell
O/C, Crystal Branch
Camp Coles Signal Lab.

1. In discussing crystal specifications I shall limit
myself to specifications applicable to Signal Corps types. In
general, the earliest specifications were contained bodily in equip~
ment specifications. Such a specification is fairly easy to write.
Essentially all that is needed to be said is that the crystal shall
enable the equipment to meet all other specification requirements.

20 If an individual or organization desires to specify crys-
tals for only one piece of equipment, this may be an entirely adequate
specification. However, it has several wesknesses. In the first
place, when specifications are written in this manner it usually means
that a radio engineer writes a crystal specification. The probability
is that that radio engineer knows very little about crystals and how
to specify them. I know whereof I speak, for long before I was in the
Crystal Section, and when I knew even less about crystals than I do now,
I once wrote a crystal specification. It was for the DC-12 to be used
in Radio Set 3CR-284. That specification was not & good crystal speci-
fication, however I believe it was not the worst crystal specification
ever included in an equipment specification. I believe that in general
equipment enginesrs do not know what can be reasonably expected of a
crystal in the way of temperature and frequency characteristics. Fur-
ther, they do not know how to specify the activity of a crystal. They
may give tolerances which are either ridiculously wide or which are al=-
most impossible for a crystal manufacturer to meet. Another weakness
in writing crystal specifications in such a manner is that it complete-
ly disregards the problems of standardization, for if equipments are
built to a perfommance specification and the crystal specification is
that the crystal shall enable the equipment tc perferm satisfactorily,
we may end up not only with a different crystal for each different
type of equipment but also with very many circuits slightly different
for the same type equipment as manufactured by different companies,
Therefore the crystals will be different. In the initial procurement
of equipments, this is not particularly serious, but if we are called
upon to procure replacement crystals for those equipments, it may
prove serious.

S I know of one noteworthy, horrible example; a case with
which some of you are quite familiar. This is the case of Frequency
Meter Set SCE-211 which is a very well engineered piece of equipment,
however original specifications were performance specifications and
the crystal was required to operate the Frequency Meter adequately.
The result was that of the first thirteen models of the equipment
each required a crystal which was slightly different from the others.
In recent months this has caused a very serious problem for the Signal
Corps because it has become desirable to get replacement crystals for
some of these units already in the field. The problem of providing
specifications and test sets is so serious that it appears that some
of the frequency meters will be thrown away simply because the crystal
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circuit and crystal unit were not standardized early in the game.

All present and future models of the equipment have been standardized
electrically as well as physically and this problem will not obtain
with this equipment in the future.

4. The next step in the evolution of a modern crystal speci-
fication is the writing of a general crystal specification, which gener-
al specification is made subsidiary to an equipment specification. With
this scheme particular tolerances or the circuit in which the crystal is
to be tested are specified in the equipment specification. This is a
step forward for it enables the crystal engineer tc control the crystal
specifications for the most part and to guide the equipment engineer
through the crystal problems which are peculiar to that equipment. How=
ever, this method also ignores the problem of standsrdizing crystals and
crystal oscillator circuitse. Such a specification may require that the
crystal will behave so and so in the radioc set, in a test oscillater
simulating the radioc set, or in both. This is the form of specification
which has been used in procuring the greatest portion of crystals for
the Signal Corps for this war,

5. Another step in the evolution of the crystal specification
has been the writing of entirely independent crystal specifications.
American War Standard for Crystal Unit CR=1 is an example of such a
specification. Signal Corps Specifications No. 71=3021 covering "Crys-
tal Units with Wire Mounted Silver Plated CT and DT Cut Plates", and
No. 71-3046 covering "Pressure Mounted Quartz Crystals" are other ex=
ammples. I firmly believe that it is highly desirable to have all crys=
tal specifications in a completely independent form. However the prob-
lem of preparing an adequate independent specification for crystals for
equipment in existence is a sizeable one; for a test oscillator has to
be selected and then limits have to be determined for specifying the
crystel in terms of its performance in the selected test oscillator.
Correlation between these limits on the test oscillator and sdequate
performance in the equipment must be assured. OCnece this job is done,
however, it makes the problem of specifying, precuring and menufacturing
crystals simpler. Furthermore such a specification is a necesssry pre-
requisite to any effective and extensive program for crystal standard-
ization. For so long as crystal performance is defined in tems of op-
eration in specific equipments, it will be virtually impossible to
bring the various equipment engineers together on crystal requirements,
because to tell an engineer at Camp Coles Sigmael Lab that a certain
crystal unit which is proposed as a standard behaves so smd so in a
certain piece of Army Air Forces egquipment means almost nothing to
that CCS5L engineer. In the preparation of the American War Standard
for Crystal Unit CR-1, technicians of the 0CSig0, ARL and CCSL worked
hand in hand. Specification No. 71=3046 covering "Fressure mounted
Quartz Crystals” is based on that AWS and vigorous attempt was made to
have these specifications as similar as possible. I belisve that con-
siderable success was achieved in that effort., Those three groups to-
gether with the 3ignal Corps Inspection Agency will continue to strive
towards standardization of all crystal specifications,
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6. I believe that specifications for crystals for the use of
the Army Air Forces and for crystals for the use of the Army Ground
Forces can be almost identical. The only striking difference between
the service conditions imposed by the two sets of services is that
crystals for Airborne equipment must be capable of repeatedly going
through rapid pressure cycles in which the ambient pressure varies be-
tween full sea level atmosphere and the pressure obtained at great
elevations. Concurrent with these pressure cycles, the units are
called upon to meet rapid temperature cycles in which the temperature
is varied from way below zero to as high as 90°C. Ground Forces crys=-
tals may be required to experience the same sort of extreme tempera=-
tures, however they would hardly be called upon to meet rapid temper-
ature cycles. In normal service, Ground Forces crystals are not
called upon to meet large changes in ambient pressure. However, even
Ground Forces crystals may at times be transported by air and at such
times they will be called upon to meet almost as extreme conditions as
are Airborne crystals. Therefore it strikes me that crystals for
Ground Forces equipment should be capable of meeting the same condi-
tions as ars crystals for Airborne equipment.

7. Hence the Signal Corps is committed to a program designed
at furnishing one crystal specification for all crystal units. 8o far
the current specifications for substantially all Signal Corps types
have been reduced to four=-=-American iar Standard for CR-1l, SC Spec.
No. 71-346, Spec. No. 71-3021 and Spec. No. 71«1355-B. The various
tolerances on the several units may differ, but the same sort of re-
quirements will be made applicable to all units. We are further com=
mitted to reducing the number of test sets used in crystal specifica-
tions to a minimum. As pointed out before, it is believed that sub-
stantially all our crystal units can be specified in terms of either
Test Set AN/TSli-1 or CES-1.

8. Now let us consider specific questions which have been
asked with regard tc specifications:

1 @ What effect does deterioration of brass contact plates
have on aging of crystal, and what has been done to eliminate the
problem?

A Deterioration of brass contact plates causes crystals
to go dead because the stem of the contact plates becomes so corroded
that the electrical circuit is broken.

Specifications have been amended to prohibit the use of brass contact
plates. Changes in present contracts are being negotiated to prohibit
their use.
2af) Is etching going to be part ef the specifications?
A Yes., 1t will be a part of all future specs for pres=

sure mounted units. Although it is contrary to Signal Corps policy to
specify manufacturing methods, we know of no other practical way of
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specifying the thing we want in this case.

2bQ If so, how soon will that requirement become ef-

fective?

A As soon as possible - exact date to be determined
at this meeting.

2c¢cQ How much etching will be specified?

A Enough to increase the frequency of a 4 mc AT cut
plate by 10 ke or of an 8 mc BT cut plate by 25 kc.

3 Q Has & satisfactory test been devised to determine
a properly finished crystal?

A No. None which can be written into a specifica=
tion and conveniently applied by inspectors.

4 Q Can edging of crystal be applied at any stage in
the etching procedure, or after etching has been completed?

é. Yes.

5 Q 1If edging after or during etching is permissible,
will the edging procedure be specified now or in the future?

A Any edging procedure may be used which does not
employ a loose abrasive and which does not abrade the major surfaces
of the oscillator plate in any manner.

6 Q What is required or recommended pre=stching tech-
nique?

A No special pre-etching technique is required. This
is in accordance with the SC policy of not specifying manufacturing
methods except where absolutely necessary.

7 @ What cleaning method after etching will be speci-

fied?

A No cleaning method after etching is specified. How=-
ever the units must be capable of passing the presently prescribed
scrub test except that the cleaning procedure required under that
test is changed so that a carbon-tetrachloride rinse is not required.
However, the oscillator plate must be rinsed in some degreasing agent.

8 Q Will any other method of finishing besides eteching be
satisfactory? Will the milling method be satisfactory?

A The Signal Corps knovs of no other method of finish-
ing which produces units as stable as does the etching method. The
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Signal Corps does not believe the milling method is satisfactory. How-
ever if it can be conclusively proven %o the Signal Corps that some
other method produces oscillator plates as stable as does the etching
method, such a method will be acceptable.

Is standardization of crystal holder design and mater-
ial is contemplated? If so, when will standardization become effec=-
tive? And what type of holder is contemplated?

A Standardization of crystal holder design and material is
contemplated., The Signal Corps is committed to a program of housing all
AT and BT cut oscilletor plates in hermetically sealed holders. The
first part of the program will be to get all units so housed. Stand-
ardization will then be attempted. It is desired to have all produc-
tion hermetically sealed by 1 January 1945, Standardization should be
effective 1 July 1945,

10 .9 When will Seal Test Equipment be available?
A BSeal testing equipment will be available as follows:

a. Eguipmeni to test crystal units housed in Crystal
Holders FT-241;, FT=243 or the Holder of the CR-1 Unit, will test 44
units at a time:; Priced at about $725. Dellvery starting about 1 August.
b, Eguipment to test any Bigrnal Corps type crystal for
which the hermetic seal test is specified, will test 118 units at a
time; priced at about $800. Delivery starting sbout 1 August.

1L 8 Which governs lnspection? Inspection BManual 94, Con-
tract, or Specificstions? And in what ovder?

4 First, the contract, second the specifications men-
tioned in the contract, and third the inspestion manual.

128 Are not type test 1limits too stringent considering
errors in meters, variations in test sets, variations in ambient tem-
perature, and inherent defecte in crystals?

A The Signal Corpe congiders that the type test lim-
its set forth in the Americen War Standard for the CR-1 and in ten=
tative Signal Corps Spec. 7i-3046 dated € March 1944 are not too
stringent. However the following are too stringent with the excep-
tion that Par. E-1l of tentative Signal Corps Spec. 71=3046 shall be
made to reads "After the test speeified in F=1%, there shall be no
resultant electrical or mechanicel damage to the crystal unit. Mark-
ing shall be legible but discoloration or rumning of the marking is
not to be congidersd as mechanical demage., The d-¢ resistance be=
tween the pins of the wunit shall not be less than 100 megehms, when
measured as specified in Par., F-1%5.%" This changes the present speci-
fication by eliminating the need for determining changes of frequen-
cy and activity of the test, and further states that discoloration
or running of the markings is not cause for rejection of the unit.
Furthermore because of the present criticsalness of production and
inability of several menufacturers to meet the needs of the Armed
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Forces, the Signal Corps is forced to make certain waivers in some
cases.,

13aQ Why was 90°C chosen for immersion test when units
are only required to operate up to 70°C?

A Because units may encounter temperatures of 90°C
under service conditions either while operating or while idle.
Any permanent damage to the crystal as a result of such tempera-
tures may ruin it for further use; however, failures shown up in
the temperature run are only temporary.

13bQ If 90°C is required should there be a requirement
on permanence of nomenclature?

A The nomenclature should be legible after the im-
mersion test even though the coloring material used in the letter=
ing has run or disappeared.

14aQ What is opinion of Laboratory on corrosion?

& Any corrosion is bad; the laboratories feel that
there should be an absolute minimum of it in Signal Corps crystals.

14bQ How much corrosion is excessive?

A We of the Crystal Branch leave the decision as to
what is excessive corrosion up to specialists in that problem,

1lic@ What steps can be taken to insure that units will
pass the corrosion test?

A The use of stainless steel of 18% nickel silver
pins and of stainless steel or nickel plated brass screws, will
go a long way toward permitting units to pass the corrosion test.

15§ At least three units or 10% of units tested for
activity in temperature cycle, should be permitted to allow pro-
duction to proceed. Will this be allowed?

A No, this cannot be allowed since under such a plan
the Signal Corps might accept an appreciable number of units which
even at the time of acceptance would not operate the radio equip-
ment. However as pointed out above the Signal Corps may grant
certain waivers under present contracts in order to keep produc=
tion up.

16 Q What happens when a unit fails one of the Accept-
ance Tests? Is it carried over to other tests? Not considered in
other tests? Or replaced after a failure in one test?

A Under the present American War Standard CR=1 and
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Tentative Signal Corps Spec. 71-3046 all units are required to be
subjected to all acceptance tests. However we now feel that this
is not necessary but do feel that the following method is the most
lenient that can properly be applied.

Sample Selection and Test Routine. Each of the Acceptance Tests
shall be performed on thirty crystal units, selected by the inspec=~

tor from each lot of 1000 units or less submitted by the manufac=-
turer, except that only 10 units shall be subjected to the Immer-
sion or alternate Immersion and Seal, Cleaning Test, and the In-
ternal Inspection Test, Different groups of 30 units may be used
for the various tests, except that Drop, Vibration, Seal and Im-
mersion Tests shall be performed on the same group in the order
listed. However if a unit fails the Drop Test, it will be replaced
by a unit similarly selected at random, for the Vibration Test.

If it is agreed by manufacturers represented here that this is in
fact a relaxation and will not be the cause for increases in price,
a change to this method need not be negotiated by the Contracting
Officer and the inspector will be instructed to apply such a pro=-
cedure immediately.,

17 Q@ Is a destructive test, such as Drop Test, advisa-
ble or necessary?

A Destructive tests, in general, should be kept to
a minimum although they cannot be completely eliminated. The
Signal Corps does not consider that the eight inch "drop" test is
destructive., If it be a destructive test, then the subject units
are so fragile that they cannot be considered satisfactory for
military use,

18 @ What can be done to clarify internal inspection
test procedure?

A The Signal Corps Inspectors will work out with
manufacturere standard defect boards. Then the Signal Corps In=
spection Agency and the Signal Corps Laboratories will correlate
these boards.

19 Q When units of paragraph F-6h are re-tested and re=-
submitted to Inspector, does the Inspector again perform all Ac-
ceptance Tests on all units? And if so, why?

A Yes, the Inspector again performs all acceptance
tests on all units, This is necessary since the inspector does
not know the history of the units between the time he returned
the units to the manufacturer and the time they are again submit-
ted to him,

20 Q Paragraph 98-e(2), page 63, of Inspection Manual
9A is interpreted to mean that a receiver must be used in making
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the tests outlined and that a comparison oscillator or a deviation
meter may not be used., Is this interpretation correct and if it is
correct why can't a comparison oscillator or deviation meter be
uged?

A Paragraph 93-3-2 states that signals from a crys-
tal test set and from a comparison oscillator be fed into a re-
ceiver for determining frequency deviation. If the comparison ose
cillator has been accurately correlated to the standard crystal
test set, the desired method will be satisfactory since a deviation
meter is nothing more or less than a receiver with a special device
cornected into the output for measuring frequency. However equip-
rent for checking correlation consisting of a receiver capable of
being tied with WWV multivibrator, a standard crystal test sget and
an audlo oscillator must be available for checking correlation.

It ia to be checked at the minimm passing point for activity and
at the maximum allowable frequency deviation. If the manufacturer
will supply the above equipment, and can demonstrate to the satis-
factiom of the Signal Corps inspector that the above equipment is
in correlation, there is no objection to using the deviation meter
method. Once the correlation of the equipment has been demonstrate
ed, however, it will still be necessary for the Signal Corps in-
spector to check his zero standard at least once a day before test=
ingo

21 @ Is the binding of upper or lower contact strips,
oz both, of sufficient seriousness to warrant rejections?

A If units contain contact strips which are so large
that they bind on both sides they should be rejected. If the con=
tact strips are properly sized but are so displaced that they bind
asgainast one side of the holder, this is a sign of poor workmanshis
snd should be corrected,

22 & Just how serious is an "off center" spring and is
there any definite pressure required?

A The "off center" spring is not particularly seri=
ous, but is a sign of poor workmanship and should be prevented.
The spring force specified in applicable specifications is required
in each vcase,

23 O What is the effect of gasksts being less than
fiush to side of holder, say 1/32"7?

A There is probably no serious effect if the gasket
of a given unit departs from flush with the side of the holder by
1/32", However, if it does so this is one evidence of poor worke
manship and should be corrected.

24 8 Can definite limits be set for permissible drift
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in activity and frequency of the crystal units?

A No limits of drift are stated under contract speci-
fications. The unit should at all times throughout the temperature
run stay within the specified tolerance for frequency and activity.

25 Q Are pencil marks on plated crystals harmful?

A Pencil marks may not be particularly serious, but if
they are accidental they are a sign of poor workmanship, and should
be prevented. If they are placed on the plates as a normal manu-
facturing process, the Lab should be advised of this and furnished
with sample units for test.

26 @ How objectionable are small chips, and small areas
that have been chipped and plated over, on plated crystals?

A The degree of objectionableness of small chips and
small areas that have been chipped and plated over is hard to de=
termine., However they are examples of poor workmanship and should

be held to a minimum. It is suggested that the proposed Standard
Deviation Boards to be set up include at the plants that are manu-
facturing plated crystal units, examples of such units. These should
include samples showling good and bad units with regard to chips. The
inspector and manufacturer should get together on what they feel would
be good plated units. Later the SCIA and Laboratory can correlate
such boards betwesn the several manufacturers that are delivering such
unit ©

27 & If the contractor is not at present polishing elec-
trodes, what procedure is Signal Corps Inspector to follow?

A Polished electrodes are not required by specifica-
tion. Therefore if the contracter is not polishing electrodes, the
Signal Corps Inspector need take no action.

28 i How much of a blow should be used in tapping crys-
tals for check of activity and activity drift?

A VWith the exception of the crystals housed in holder
FT=241=A; no tap test is specified for crystals under current Signal
Corps contracts.

29 9 Could definite arrangements be made to have the
Standard ®scillators sent directly to the Signal Corps inspector at
each crystal plant?

A Test Sets AN/TSM-1 are currently being shipped to the
Signal Corps Inspector at the Crystal Plants., At such time as the
Laboratory has an additional number of good test sets of other types,
they will be handled in the same manner. The following method of
handling the matter is proposed.

-7l =


http:crysta.ls

Crystal Specifications (Continued)

A reference standard crystal test set is one which is furnished
to the Signal Corps Inspector in Charge at the plant of the manufac-
turer for use in correlating production test oscillators.

One reference Standard Crystal Test Set of the type specified on
Crystal Specification Sheety; will be furnished in accordance with the
applicable Crystal Specification Sheet. It is to be used only as a
reference standard for correlating production test oscillators and e=
quipments. The crystal manufacturer shall make no changes, however
small, including changing of tubes or recalibration of the Reference
Standard Crystal Test Set without consent of the contracting officer,
or if the prime contractor supplies the Reference Standard Crystal
Test Set, consent of the prime contractor is necessary.

30 § Is brownisgh discoloration due to rust stain on the
interior of the tube shield or cover harmful to the plated crystals?

A The brown discoloration is rust and is likely to
cause failures if particles of iron oxide should fall between the
electrodes and the crystal plate. Therefore, units with this dis-
coloration should not be accepted. Furthermore, this discolera-
tion is an indication of poor workmanship or poor materials and as
such should be prevented.

31 @ Will limits cther than of 2% to 6 pounds be accepte
able for spring force used in erystal units, if it can be determined
that the units meet electrical requirements?

A The limite on spring forces mentioned in specifica=
tions, must be complied with, even if it can be demonstrated that the
units meet the electrical requirement. However, the Signal Corps
will entertain a discussion of the propriety of the specified limits
as the exact value chosen is slightly arbitrary. This discussion
must be limited to the general case and not the product of only one
manufacturer or to only one contract.

32 O When are preproduction samples required? Will ap-
proval given on a group of samples for one type, as the BC=659, hold
for another type as the BL=6207%

A Both the American War Standards for the CR-1 and Spec,
71-3046 require that crystal units in the grades and types called for
in the contract, be submitted prior to production. For crystals
housed in the Holder FT=243, a type is interpreted to mean a unit for
operation in a particular radio set. That is crystals for the BC=659
and for the BC=620 are different types. A manufacturer who may be
able to meet the requirements of ene rsdio set may not necessarily
be able to meet the other. Therefore, under the specifications, pre=-
production samples of each type of crystal for each radio set is re-
quired.

33 0 Is the glyptol that is used on the threads of the

case assembly screws used as a locking agent, or as a corrosion pro-
tection?
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A Glyptol is used now primarily as a locking agent;
however, it does offer corrosion protection and it would be wise
when using it to completely cover the metal parts. However, failure
to completely cover the metal parts should not be construed as non-
compliance with specifications.

34_Q Due to the fact that acceptance of FT=243 Crystal
Units is to be made on the basis of acceptance test listed in speci-
fication 71=3046, is it necessary that each unit be inspected for
activity and frequency at room temperature?

A The specification does not require that each unit
be inspected for activity and frequency at room temperature. How-
ever the specification does imply that the government inspector will
check "the manufacturer’s production test in order to assure him-
self that the tests meet the requirements of the specification'.
Subjecting all units to room temperature for activity and frequency
is one method whereby the inspector may assure himself that the units
meet activity and frequency requirements,

35 4 With reference to F=16 of referenced specifications,
"Cleaning and Internal Inspection®", it is requested that the ques=
tion as to what constitutes an acceptable finished surface of the
quartz plate be clarified.

A Originally the Signal Corps was afraid to accept
crystal units in which the blanks were badly chipped, scratched and
fractured, for fear that such defects might have some effect on the
aging characteristics of the unit. However now that we have car=-
ried on investigations on aging to the point where it is known that
units which are etched to final frequency will not age materially,
we are no longer governed by this fear. To determine compliance
with the requirements contained in Par. C=9 in tentative SC Spec.
No. 71=3046 and in the corresponding paragraph of the AWS for the
CR-1 it is plamned to set up Standard Defect Boards on which will
be shown units which should be rejected for chips, scratches, frac-
tures and cracks. As pointed out abeve, however, the Signal Corps
will now accept unitez which are much worse in this respect than were
formerly accepted.

36 Q@ When will an up-to-date copy of Signal Corps Spec,
71=3046 be issued which will contain all the latest deviations?

A A new issue of Spec., No. 71-3046 will be prepared
which will include changes in methods and changes in specifications
agreed upon at this conference., The exact date of issue cannot be
stated; howewver those changes which are a relaxation of the present
specification will be effected through changes in Inspection In-
structions as soon as this can be done.

Reference is made to Par. F=15a of Spec. 71=3046
dated 6 March 1944, which substitutes a modified immersion test in
lieu of the hermetie seal test when the manufacturer does not have
the proper facilities. Is it intended that the manufacturer will
have to perform this test as a production test on each crystal unit

- 73 =



Crvstal Specifications (Continued)

submitted to the Signal Corps inspector?

It ie not intended ﬁha* the manufacturer will have to
perform the modified lmmersicn test in lisu of the hermetic sasl test
as a production test on each crystal unit; but rather that it will be
applied as an acceptance test.

38 @ In Pap, Fol4 of Spece No. 71-3046 what is the meaning
of "The frequency of the appiled vibration shall be varied at a uni-
form rate between approximately 10 and 55 cycles per second, the cycle
of frequency excursion being between one and two minubes”? Does this
imply a sinusoldal or linesr vardation?

4 What is intended here is that the frequency shall be
varied at an approximately uniform rate in a linear manner., However
thie is not critical. The specification will be changed Yo vead,
'shall be varied at approvimately a uniform rate®,

39.4 Will the mew print on FT-243, CR«l and D034 Holder
be general, or will it cover all present variations in des sign?

La.#

4 So far as the FI-243, and DC=34 are concerned the new
print will be general until such time a8 a standerdized design is
determined fov hermebically sealed holders. The same applies to the

CR=1,

40§ What allowance is made for a w%;&mﬁng erystal when
encountered in a type test where it would drift beyond the type test
tolerance but still not drift beyond the preduction tolsrances?

4 Test procedure set up to measure changes of activie
ty as a result of a particular type test shovld be sneh that the
before and after tests are performed under the sams clreumstances,
thtr@by eliminating the affect of this drift, This may in zome cages
require that the manufacturer provide svecial test eguwinment capable
of being used in such & test technigue, Atr cmm&"*im@& rooms of
equipment for socsking st some particulsr fermeratirs near room teme
perature may suffice.

Ax 9 Are rubile needles causs

42 0 Can Laboratory=bullt ses? test equivment be vsed if
7

it is proven asdeguate”

&g 1es. ity mav be ens
countered in proving svailable on

eavable of making
o makineg the test
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the market, It i3 not Jwvwwu ) ;
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434G Are 211 oseillstor plates reguired to be stehed or




does this pertain only to oscillator plates above 4 megs?

A Eventually it is planned to require that all oscil-
lator plates be etched. However the immediate requirement is di=-
rected only to those plates above 4 megs. However, if one type of
crystal unit has frequencies extending from below 4 mc to substan-
tially above 4 mc etching is required. The DC-34 and DC=35 do not
now have to be etched. All FT=-243's do have to be etched.
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GROUP DISCUSSION OF DC-34 AND DC~-35 CRYSTALS
CAPTAIN E, F. MITCHELL - CHAIRMAN

THE CHAIRMAN: The meeting will come to order. I think we are
now, very definitely, to the place where it is only a matter of ques-
tions from you folks, but I'm happy to entertain suggestions from you,

MR. ORMONT (Keystone): 1In the March specification, part of the
type test has provisions for temperature run to be made by the Signal
Corps and inspected as part of the acceptance test. In view of the
fact that the correlations may be off and only one failure is permitted,
I would like to suggest that we have a tolerance allowed. In other
words, on the crystal disk we may not catch it, or we may catch one
or two that might dip,

eeo Off the record discussion ...

THE CHAIRMAN: Let me point out that we need the thing we specify,
If you can give it to us, fine. We do know this; unless we have con-
tinuous, recorded runs, dips will occur which may or may not be caught
by the person checking those crystals, It may be rerun and caught on
the next run, There is that possibility, You have not attempted to
work under this specification?

WR. ORMONT: Ve have run several runs through on this specifica-
tion, probably half a dozen.

THE CHAIRMAN: Do those half dozen runs represent six thousand
units?

ME. ORMONT: Oh no, no, no! We simply took, for instance, what
we are currently running which are under the old specification and
applied the March specification to them.

THE CHAIRMAN: What did the older specifications ==

MR. ORMONT: We didn't have that included.

THE CHAIRMAN: So far, I don't think it is a question for dis-
cussion,

MR. ORMONT: We can leave it either way.

MR. WALLACE (Indiana): I agree that it is a real problem,

MR. LEUCK: We have a file on that. On the previous contract,
our inspector was instructed to make exactly the same type of careful
job of running the temperature run. He could pick one up very easily,

THE CHAIEMAN: What eventually happened?

MR. LEUCK: Ve got a clarification of the rules with an inquiry

in this type test. We didn't get any answer.
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MR. WALLACE: The way the temperature run is made, according to
the new specification, at 2 degree interval, it is impossible to have
the inspector follow the same logical way that the original operator
ran, There may be a lag of a degree or an increase of a degree. As a
result, you might just dip out and you have to throw out all your
crystals,

MR. HENDERSON (Higgins): In the rerunning temperature we have
found that just about ten per cent will be found and will be caught
in the dip.

THE CHAIRMAN: Are you talking about DC=34 and DC-35 or crystals
in general?

MR. HENDERSON: I am talking about DC-34 crystals, However, I
have found the same thing in 243. It shouldn't be put beyond the
additional one out of thirty being run,

THE CHAIRMAN: But it would be, of course, taking the full ten
per cent, Let me ask this question. Is it implicit, in this discus-
sion, to lower the requirements? What can you do to evade this diffi-
culty we are faced with? It is a fact that we have a test here which
is not reproducible, There is no argument. We do have such a test,
The only way to avoid it is to specify continuous measurement of activity.
We don't want to ask it because, obviously, it is impractical. You are
suggesting we lower the limits on the rerun, That isn't the way the
specifications are written., What have you done to raise your produc-
tion limits?

MR. ORMONT: Practically every one of our crystals which go in
for a run have requirements of 11, We start not lower than 14 to 15
or 16, Our rejection limit is about 124, If they go below 11} at
any temperature, they are rejected. However, I still say I have seen
it, and many times, that crystals will go to as low as .06 and will
not be caught by the operator, and will be caught later on the rerun,

THE CHAIRMAN: I appreciate that.

MR, ORMONT: Frankly I don’t know what the answer is, I thought
I'd bring it up and see what could be done about it,

MR. HENDERSON: It seems we are all, more or less, in the same
boat. With what we are working with at the present time, we are not
confronted with temperature runs. The older specifications we are
now using are still anticipating that, and what we are doing is at-
tempting to train our operators to watch for erratic operation which
is a cause for rejection even though they don't catch the activity
reading before the rejection point. One that is habitually erratic
during the cycle of the wheel is a cause for rejection, and while we
have eliminated it one hundred per cent, we have yet to go a long ways.

THE CHAIRMAN: Do you use as the rejection point, the specified
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minimum or a higher point?
MR. HENDERSON: A higher point.
«se Off the record discussion ...

MR. HERBEKT HOLLISTER (Hollister): Even if we had a check every
minute, we would not catch them, We find if we have an operator watch
for the creeping of a meter, hands up or down check, every minute, we
can practically stop this trouble. She then stops the wheel and ob-
serves whether the crystal is coming into or going cut of the dip.

MR, WALLACE: I think all of us who manufactured 34's and 35's
would be really havpy if we knew the dimensions; if it were worked
out so we didn't have extreme dips. That's & logical solution. Ve
don't want to manufacture something to change the specifications, but
in order to maintain production we don't know the answer as to why
they donft dip out dimensions, Most of us haven't done enough work
to know what the dimensions should be or how dips oceur, If we knew
more about it, or could get information we'd be glad to stick without
any questions,

MR. V. BOTTOM: If we had the information, we'd be glad to give
it to you., Pre~dimengioning is not a simple matter. We at the Labora-
tory and many of you men know how to find dimensions that will work,
You can tell a man, write it out on paper, and give it to some manu-
facturer who goes home and tries it, and the next week he will call
you up and say, "I can’t make it go." Pre-dimensisning supposes you
are going to de certain things; you are going to hold certain toler=
ances. Some of you can't hold those tolerances. You make random cor-
rections and it is easier for you to do it that way than to hold the
necessary tolerances that you have to do in order to get pre-dimensioned
crystals out. You just can't say, "Here are the dimensions, Take them
and use them,"

MR, HOLLISTER: I think when you introduce pressure and some
variation of spring pressure, you again come in out of the rain and
you are anxious to get out of them.

MR, BOTTOM: I think we are all perfectly willing to admit there
is more about pre-dimensioning that we don‘t know than we do know, If
we get any more information than we have at the present; you will get
it, I am sure you can't get it any place at the wresent time -- a set
of figures to which you can make crystals, There are other causes of
activity dips than just plain dimensicns. Bad electrodes will cause
excessive rejections in the temperature run. The springs may be too
weak; the crystals not flat. Improver air gap spacing and air reso-
nances play a part in this phenomena. Dimensions are only one factor
in it,

MR. RALPH HUKILL (Quartz Laboratory)s We have worked out twenty-
four dimensions out of a possible forty-five. We will go ahead and work
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out the others, and the people who have the same frequencies we have
will do the work we have already done. It would save a lot of work if
we could pool this information.

THE CHAIRMANS A fine suggestion, and I suggest that you give us
the information and also give the prime contractor the information.
He can operate with his people faster than we can,

PACIFIC RADIO CRYSTAL: Bach finisher has a heated holder that
is constantly kept at 70 degrees, which brings the crystal to minus two
or three KC when given a heat check. Then the operator begins a correc-
tion and by the time she has brought the crystal into frequency, she
usually has all the dips out of it. We have very few rejections, prac-
tically none, in the type test.

MR, ORMONT: It has never been required heretofore. The tempera~
ture run was not part of the type test.

THE CHAIRMAN: It has been known for a good while, hasn®t 1t?
If there is something you can do to beat this and you are not doing
it, I think you are negligent. It is pretty generally used.

MR, BOTTOM: Let’s discuss what one can do. There are several
tests one can use for the crystal to find out if there is likely to
be any rejection for instability. You can throw a greater capacity
across the crystal. You can’t always tell whether a crystal is going
to be a stable crystal or not, but you can throw out a lot of them
you know aren’t going to be. Another thing, if the operator has the
type of holder to increase the pressure on that crystal, a lot of un~
stable crystals are going to show up immediately.

MR, ORMONT: We do that.

MR, BOTTOM: Increasing the shunt capacitance on any crystal will
decrease its apparent activity. Some stop oscillating at one value of
shunt capacitance and some at another. The greater the value of the
critical shunt capacitance, the better is the unit. A crystal is less
likely to have an activity dip and therefore more likely to go thru
the temperature run if it will operate into a high capacitance.

Some crystal plates are very sensitive to pressure. If the activity
drops badly or the frequency shifts when pressure is applied, it is
poorly dimensioned.

The third suggestion of a quick temperature run is a simple means
of eliminating many potential failures.,

By these three tricks many of the "dude" can be eliminated at the
finishing position. There may be other tricks as well,

MR, HOLLISTER: There is one simple rule. Until the finisher
realizes this, he will be juggling back and forth with these humps dut
not controlling them. Z grinding will raise the hump up in temperature
and X grinding will lower it. Therefore you do stop somewhere before
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you get %o frequency, and if a hump is as high as 60 or 70 degrees,
you can bring Mr. Hump down where he causes the trouble so you can
move him out.

MR, HUGO: We tried the cart before the horse procedure., We
tock sitrong crystals and instead of shipping them to the armed forces,
dismantled and measured them and tried to duplicate them, and that way
we found some dimensions which seem to stand up ever several differsent
cassa, We eliminated some of these three steps of yours.

MR, LOUIS PATLA (D. X. Crystal Co.)s ¥ou can eut down your
rejections from about 35 per cent to 12 per cent. Many people ars
inelined %o overlook the fact that it is harder to do, but I believe
that it is the one thing which will go a long ways to cut down tempere~
ture bhox rejections.,

MR, BOTTOM: Dimension X, or rather, parallel to X, is » critical
one, I am aware of that because of flexure vibration. I donlt wmean
X dimesnsion. It has to be kept quite close,

THE CHALEMAN: Are there any other comments?

MR, BOTTOM: We have, at the labd, prepared a memorandum on which
two or three people have been complimentary engucgh to say that it 4did
them some goed on the methods of finding dimensicns., ¥e have given it
to a pumber of people who have asked for this information. If the
memorandum is of value to anyone, we can supply it. I am sure you can
tell anyone how to do a thing in simple phrasing,

MR, ? (Momitor)s We had considersble trouble in reproducing
the same results in the temperature runs on not only the 35!8 btut on
others, Realiping the equipment might be off correlaticn, we tried
to run & nunber of crystals through the temperature rung, over and over,
and we feund that we do reproduce pretty fairly the same resulte on
the same cerystal i€ the reading is taken closely emough. I found the
temperaiure correlation one of the important facters, and so we ave
following s process of teking a rejection, that is when a dip or cryse
tel has a tendency to look like it is right near the rejscticn polnt,
to eliminate the possible error in the equipment, we have tried %o
teet the erystal in the test standard and check it to see. It will,
guite often, be found that there is a slight variation in voltage
which cuuses that trouble,

THE CHAIRMAN: We have here a test which is not reproducible,
By thet I do not mean that these temperature dips are not repraducible,
tut simply that when you test at dezTee intervals you do not get the
same play in dips all the time. If a dip is due to the osciliater
plate, it is reproducible,

MR, LEUCK: Those dips that we have noticed are not really tad

and are of very short duration -- a matter of ten or fifdeen seconds.
I am speeking of the DC-34 temperature dips if you are making a half
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hour run. 1In a thirty minute run, it would be a fraction of a degree,
possibly a half or a quarter of a degree., It is very possible to have
the crystal perform perfectly ninety-nine per cent of the time, and
dependably, but you will have that dip there one or one-half per cent
of the time., They might be ninety-nine per cent good or ninety-nine
and one-half per cent good.

MR. ORMONT: Might I suggest this? 1 think the point is impor-
tant, but I also think all of us should gather some data on it. I
think that we should take the results of at least half a dozen type
tests. In other words, six thousand crystals are not the number of
failures in this particular case. If it becomes alarming, perhaps
then we can take some steps to modify or correct, if possible., I
mean, there is no specific data available now, but we do know or,
that is, we think it is a point which will come up,

THE CHAIRNAN: How near are we to operating under this specifica-
tion? I don't know, Will the whole thing evolve upon us at once? Or
will it be gradual?

ese Off the record discussion ,..

THE CHAIRWMAN: I think the suggestion on the first few experi-
ments with them is very good, but we may be able to get some dope out
of it which will enable us to make an engineering solution.

NMR. ANDERSON: Ve are within a few days of going under that spec.
If it is the opinion of some of the fellows that you can take a group
of crystals made up under the old spec, you can gradually eliminate at
least fifty per cent of the lot because of activity variation,

MR, APPLEBAUM (John Mech. Ind.): Ve age crystals the old-fash-
ioned way to eight cycles to accomplish that same result, It doesn't
help considerably. The dips still do occur. It appears that the age
of dips on DC-34, under the present high minimum activity limits are
far greater than on any other class of crystal.

THE CHAIRMAN: This morning when I was talking about crystals
with critical activity requirement, I was talking specifically about
the DC=34. That's why I can hardly ask you to make this production
fifty per cent higher than the specification, That's why I am ex-
tremely hesitant about lowering the limits in any respect, when ac-
tually I need that activity. We knew the crystal was going to be
hard to meke. Therefore, we are going into the program gradually,

I suggest that we see what happens when your plant is ready to go.

MRE. MOSSHART (Elec., Products Co.): We wrote up a rather ex-
tensive procedure of operation., How closely are we holding to that
procedure?

THE CHAIRMAN: The manufacturing procedure?
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ME. MOSSHART: The written one,

THE CHAIEMAN: You are not bound by that, but we would like to
be advised when you change it, partly because we think sometimes we
can avoid pitfalls for you and partly because of the process of learn-
ing for us,

MR. APPLEBAUM: In the higher frequency cof 34, would there be
any objection on the part of the Signal Corps to use the BT cut in-
stead of the AT cut, and too, could we reduce the etching time, or
the distance, because it does alter the surface? It reduces the
surface to a rougher surface which, in turn, reduces the activity.

THE CHAIRKAN: We have not asked that the etching be required,
but you can get your production rolling on this basis without worry-
ing about the etching, I have done that purposely because the aging
of these units is not as critical as the aging of higher frequency
units. You know we will want it in the end and will go into it of
your own volition in a way best calculated to fit into your production
schedule. The DC-34 isn't as critical ss higher fregquency units. That
isn't pertinent. You can finish crystals if you have them. In the
meantime, I suggest you find cut what to do when we do ask for etching,

MR, APPLEBAUM: Ve considered we are reguired to etch them a
minimum of five KO, and we have in there only AT cuts., We have made
some experimental runs with the BT, especially the 3900 and 4000 KC
channels which are particularly difficult for us,

THE CHAIRMAN: Are you ready to go into the new specification or
not?

MR, APPLEBAUM: I am talking about operating under the old
specifications.

ose Off the record discussion ...
THE CHAIEMAN: TYou should immedietely alleviate this condition.

MR . ORMONT: I assume that when we start on the new contract
there will be a new pilct run?

THE CHAIRMAN: Yes,

MR. ORMONT: I wanted to bring up one subject. During the last
pilot run the very small matter of bevel crystals came to the fore
and was slightly clarified after a fashion, and I just wanted to bring
it up again now so we will know what to expect.

THE CHAIRMAN: You can expect the same thing you had the last

time. Again, a sharp bevel is something hard to define. If it is
a knife bevel it is a weak unit,
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QUESTION: What hapvens to a beveled ecrystal when it is etched?

MR, BOTTOM: The same thing that happens to any other crystal.,
The bevel does not anpear to make a difference, The quality of the
surface is important not the geometry of the surface.,

MR, ORMONT: We have done a little bit of experimenting as far
as etching is concerned. We haven't beesn able to eliminate scratches
and we wonder if there are any suggestions along those lines.

MR. BOTTOM: Scratches are nimety-nine per cent a problem of
your housekeeping, There are nlenty of manufacturers who do not have
scratches at all. There are people making crystals without scratches.

MR. OEMONT: W¥e have isolated special crystals, cleaned them
and still do get scratches, The point is, I don't know how the Signal
Corps inspector is going to interwret the scratch clause, We will
eventually go into etching.

THE CHAIEMAN: When you do go into etching, the interpretation
of the scratch clause will be less rigorous than it has been in the
past. We interpreted very rigorocusly, because we felt that there
was a connection between those scratches and aging. We now feel that
if you are performing the etching we require, the crystals will be,
for practical purpcses, aging free, Rejections f lots of the
crystals, based on those scratches, will be exceptions; and if you
are showing a true effort to do housekeevning you need not worry,

MR, HANDWERG (Galvin Manufacturing Corp.): We passed over this
one point now, that is the rejection of the temperature run and type
test. It is checked for activity by the inspector for acceptance,

We know the problem of short dips, I8 it your thought, though, that
we will grow into this thing gradually on the new specification and
be granted a preliminary waiver on requirement six? There is only
one rejection that the spec calls for as the spec now stands,

THE CHAIRMAN: I was suggesting that you not be granted any
waivers on information developed the first two or three runs.

MR. HANDWERG: In other words, the spec stands?

THE CHAIENAN: Yes., I think we got the meat out of that dis-
cussion, I don't know what the snswer is going to bs, but I hope
we can get some definite indication out of the first pilot runs
before the rest of you are ready.

MR. OEMONT: I understand they are holding up the registering
of proper nomenclature on this present centract, As much as we are
ready for a pilot run, we haven't been able to order cases because
of that. I wonder if you know how soon it will be?

THE CHATRMAN: I was not awsre of such a problem,
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NMK. ORMONT. With the code numbers coming off, the manufacturers!'
name will be going on. Nobody has decided the size of the manufacturer's
name to be printed on the case, so we are all waiting.,

MR. HANS SAUER (The Hallicrafter Co.): I suggest a DA smaller
carrier,

THE CHAIEMAN: If it jibes with the old FT-243, it presumably will
be the larger. Iy guess is that it is acceptable.

ME. HASIEY (Wenkstern Hasley): I have tried several times to get
holders for samples with code letters on, and then was told that the
code letters wouldn'’t be accewtable; that we have to have our name on,
So, I have gotten McKinzie & Vright Stamping Company to make up a die
with our name, "Wenkstern and Hasley Company'", on it, I told him he
didn't need to spell out "Company" and he got it all on one line between
the screw holes. It looks pretty nice.

ME. ORMONI': The main point, however, is that still our company,
as well as several others, are ready.

THE CHAIRMAN: How about pre-production samples? Don't hold them,

MR. HENRY (Henry Manufacturing Co,): How about holders that al-
ready have the code name on them?

CAPTAIN E. A. BELL (Signal Corps): Those holders you have, go
ahead and use them,

.o. Off the record discussion ..

M. APPLEBAUM: Does the nrime contractor'is name or the subcon=
tractor!s name appear?

THE CHAIRMAN: The manufacturer's name.
MR. ORMONT: Vhen do we expect to get the pilot run?

MR. SAUER: Pre-production samples are going to be worked on
this week at Hallicrafter. After that time, you can notify us and
we will state when the pilot runs are going to be in. As soon as
we have available personnel, we will start.

THE CHAIRMAN: We are awfully anxious to find out how the first
pilot runs go.

MR. W. SCHEPPELE: As soon as you get approval on the pre-pro-
duction samples, without waiting for the pilot run, automatically we
will begin to accept crystals. When the pilot run is started we will
accept crystals up to midnight of the day the pilot run is declared.
Fron then on, they are not accepted without approval from the engineer,
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TIE CHAIRMAN: May I point out one thing in connection with what
just has been asked as to pilot runs and production? We need crystals
and we can make this arrangement. If you take advantage of that, and
I'm not suggesting that because maybe you wouldn't like it., I'm only
suggesting that you take advantage of it in that way. Otherwise, if
you teke advantage by starting your production before you get pre=pro-
duction approval, on the theory we are going to have to take the
crystals, we are both going to get into trouble, Let's get pre-produc=-
tion samples in and see if you are deing the job, We have had this
heppen., Even before pre~production samples were approved, we have
known people who have built up a tremendous wolume of units, It's
heart-breaking to either or both of us sometimes.

MR. OKMONT: Ve can't actually make crystals anyway until we find
out the story,

THE CHAIEMAN: Are there any other problems?
ees Off the record discussion ...

VMR. ANDERSON: Ve can, after the pre-production samples are
approved, make crystals and submit them to the Signal Corps for in-
spection and ship them te the prime contractor in anticipation of the
pilot run at some later date?

V. SCHEPPELE: That's right. At the time you receive approval
of the pre-production samples, you may, at the same time, receive a
telegram giving the date of the pilot run. If the date of the pilot
run is in the future, you may go ahead and make the crystals and we
will accept them until that day the pilot run starts-

MR, ORMONT: In testing some of the units in this new immersion
test up to ninety degrees, we ran into the problem of these stainless
steel screws, or rather nuts, corroding. W%e took the problem up with
Sauer and he gave his interpretation on the fact that where the corro-
sion can be wiped off with a rag, where it is loose corrosion, they
would be acceptable. Now, I thought it might bea point to bring up here,

MR, HENRY: There are different types of stainless steel, 1Is
there any specific type required?

ME. OEMONT: Yes, 18«8 is required in the specification.

THE CHAIRMAN: If it is really stainless steel, we are going to
have to work out the answer,

MKE. ORMONT: I took it up with several people., It is really
stainless steel., It seems as thcugh it is kind of uncommon,

THE CHAIRMAN: We will say it is cokay.

Mi. WALLACE: In your previous talk in the other room, you

- 85 -



Group Discussion of DC=3/ and DC=35 Crystals {(Continued)

warned us that we weren’t to use, if possible, any more holders with
brass contact plates, I happen to have 15,400 holders with brass con-
tact plates, and wonder whether we should junk those holders or use
them up in the next two months.

VOICE: Sell them to Hitler! (Laughter)

MR. HANDVWERG: 1I'd like to add that the DC program moved a lot
slower than we expected. Our suppliers have a substantial quantity
of holders manufactured months azgo which have brass contact plates,
Now, where they are buying current producticn holders, you are supplied
with phosphor-bronze. What are we going to do about that?

MR. BOTTOM: 1Is it feasible to change them?

THE CHAIRMAN: Gentlemen, the technicel answer is clear-cut,
If you can get replacements you ghould get them, The actual monetary
answer is not so clear, I suggest that you get all the facts you can
as to how many you have, if you can get replacements in time, and I
think you probably can. Address the problem to the contracting officer.
Get complete information on this and address a letter to the contracting
officer stating, ®™VWe have this many holders being changed, but there
will be an increase of so much.®

MR. HANDWERG: We talked this over. Ve only confined the recom=-
mendation to 243 holders,

THE CHAIRMAN: Vhen wzs that?

MR . HANDWERG: We wired a letter to our suppliers on 243 about
two weeks ago. As yet, we have nothing specifically clear. We will
clear the thing and have the information in your hands before the
end of the week,

THE CHAIRMAN: Can we depend on you, Hanms, for it?
MR. SAUER: Surely,

THE CHAIRMAN: About the possibility which is always present,
you may have to use some or all of the holders. Maywe you can't get
replacements. Although I said that baking was not the answer, it is
a partial answer,

MR. BOTTOM: ¥e know, perfectly weli, baking out does partially
alleviate this problem, I am not sure I know the best way to bake
them, The holder manufacturer will know better how to get this
material out, It is the smmonia that does the dirty work. You can
bake it out at 160 degrees Centigrade. You have to do it in a pretty
well ventilated oven or furnace er the contact plates will get black
while doing it, If we have to use these things in the tropics, we
ought to do all we possibly can to make it as nearly failure-proof
as possible. Baking is the least we can do to recure these holders.
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I have baked them an hour and it reduces the defect at least fifty
per cent,

MR. OHMONT: Ve can get specifications from the holder manu-
facturers for that.

ME. BOTTOM: That's the place.

MR. ? (Howard Mfg.): I think this is the first thing that came
up on brass contact plates. In our plant we are using phosphor-bronze
on all 34's. As far as baking, we found in quite extensive tests, that
baking does make a great deal of difference as far as the gas is con-
cerned, and we run over them in schedules frem an hour on up, and we
find that it takes about a twenty-~four hour cure in baking in order to
get the job done at 250 degrees Fahrenheit in electric ovens, closely
controlled. It is slightly under blistering point. As far as our
tests have gone, there is no more ammonia gas left in the holders when
they are done., If it is a gas oven it won't work. The electric oven
will. Vie have also found in some of the ovens we have used that during
the first length of time in baking there was some corrosion shown on
phosphor-bronze plate,

MR. BOTTOM: It is really discoloration. That's not serious.
These brass plates will bresk from corrosion, They may be bright and
shiny and still broken in two.

MR. HOWARD: As far as the pins are concerned, they will be
nickel=-silver,

MR, BOITOM: Do you think it would be safe for the manufacturer
to bake them twenty-four hours at 250 degrees in an electric oven that
is ventilated?

MR. HOWARD: Yes, that would probably answer it, It is a ques-
tion of having to be tested., Further, when we carry the test on in
respect to hydrotropic tests, we find a great improvement there also,

THE CHAIRMAN: Just in case I haven't emphasized this, I want to
do this. This one single thing scared me more, in our findings, than
anything else, These other failures are relative. This is the gradual
degradation of performance., This thing that we are talking about is
that the unit is suddenly no good at all. They have used these units
in places where there is a warm climate and conditions are aggravating,
I am going to ask you to do what you can to help us control it. The
first thing to do, if you can; is to avoid the use of brass contact
plates. Do so by getting the data we discussed and presenting it to
the contracting officer, A letter has already gone out. The second
thing is this. If you get caught with units which have brass contact
plates and which you have to use, bake them, I don't know what it
will mean to you, but I think you have enough ingenuity to do that for
us,

- 87 =



Group Discussion of DC-34 and DC-35 Crystals (Continued)

MR. HANDWERG: Do you want to specify any particular baking pro-
cedure? Vhat are you going to recommend? Do you want the crystal manu-
facturers to bake the holders they now have in stock?

THE CHAIEMAN: If it is determined they are going to have to use
then,

VR. HANDWERG: Meake a recommendation so we can follow it,
THE CHAIKMAN: Bake it 250 degrees Fahrenhsit for twenty-four hours.,

MR. BOTTOM: These units are subjected to 60 degrees Centigrade for
a period of 10 days. During that time half of the group of twenty of them
were dead.

THE CHAIRMAN: If you can arrange for new holders, or holders
with some other contact plates, that's what we want., This is to be
used as a last resort in case you have to use the holders with brass
plates,

MR. HOLLISTER: Do I understand that the holders purchased from
this date forward will be baked by the manufacturer?

THE CHAIRMAN; I believe Howard's are,

ME. HOWARD: Yes. They are bsked. From now on, they will not
have brass. They will be all phosphor-bronge and nickel pins,

MR, HANDWERG: VWhen did your shipment start? I have indication
that some holders went out the early part of July with brass plates,

MR. HOWARD: I don't believe we have a problem at the moment, I
do know there has been an corder in that stipulated brass plates,

MR. HANDWERG: If we sent holders back to you for baking, do you
have the facilities for a mass job?

M. HOWARD: No, we don't. We might be sble to arrange for it,
however,

VOICE: Ve find in a 90 degree immersiocn test, the holders be=
come highly discolored., Also the nomenclatures, or rather the ink in
the depression seems to come off rendering it illegible and it looks
like very poor workmanship, What should be done about that?

THE CHAIRNAN: The running of the markings should not be con-
sidered as a failure., OSpecial ingtructions will go out as to that
effect, For our specification we are going to require that the mark-
ing be legible after the test. This can be achieved if you are using
the engraving process, which all of you are., Is that correct?

VOICE: It's hot stamping with white ink,
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THE CHAIRMAN: If all the ink is out, you can still read the
thing?

VOICE: Afer a fashion,
THE CHAIRMAN: Is it capable of being read?

M. ANDEKSON: 1If we are going 1o deeo run them together, it is
so hard to read in the case of hot stamping.

THE CHAIKMAN: I don't know who csres what happens to the ink or
the writing.

MR, ORMONT: What about the discoloration of the holder?
THE CHAIRMAN: We'll anticipate that.

MR, JIM KAY (Industrial Engineeringj: In our holder we bake it
before, and we have found that twenty-four hours isn't necessary. In
our different tests, it seems that after 120 degrees Centigrade for
four hours we can't tell any difference in the wvarious tests from four
hours on, I thought you specified twenty-{our hours in your specifica-
tion,

THE CHAIRMAN: Actually I haven't written any specification, If
you want to appeal to the contracting officer, you can.

M. KAY: Ve use 120 basking Bakelite,

THE CHAIERMAN: I expect the matsrial you used is pertinent in how
much baking is needed. Vhat is nesded for one holder is not adequate
for another holder. Do you have any with brass contact plates?

IR, KAY: No, stainless steel, We have always had stainless
steel,

THE CHAIRMAN: Maybe you need more bhaking,

ME. KAY: I thought you were going %o specify twenty-four hours,
and we can tell no difference after four hours.

THE CHAIKMAN: The matter deesn't pertain to your holders. I
think if the twenty-four hour basis would be used it would be desir-
able, I am scared to death I am being overly conservative about some-
thing to cause the crystal unit tc fail at the moment the company
commander is talking back to a battalion or regiment.

MR. APPLEBAUM: Why not suggest a test that they might run to
determine whether or not the holders are defective,

THE CHAIRMAN: ¥e are going to try not to use them,
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MR. ORMONT: Everybody seems scared of holder manufacturers
for some reason or another,

see Off the record discussion ...

THE CHAIRMAN: We are talking about units in your plant with
brass contact plates. The only thing we are specifying for future
production is that the contact plates be made of phosphor-bronze,
stainless steel or copper. Ve haven't specified a bake and it hasn't
been suggested here that we do. If you are doing it; I suggest you
don't discontinue it, We will try to arrange for other people to do
it also, The thing we are talking about is these holders which you
have in your stock, and which you may have to use to keep up your
production, If you have brass contact plates, the answer is bake
them for twenty-four hours at 120 degrees Centigrade. You are still
not complying with the specification we want which is that they will
not have brass contact plates. But this is something you can do to
help us take care of a serious situation. Is that a complete answer
to this problem? Maybe you will get new holders,

VOICE: Ve will probably put in new plates.
THE CHAIRMAN: I hope you can.

ME ., HANDWERG: Is it your thought to review the specification
in detail?

THE CHAIRMAN: I just thought maybe some of the questions would
come up, There are points in there which showed you how we plan to
take care of them, Frankly, I doubt if it is necessary,

MR, HANDWERG: Letis see if a lot of these men have seen the
March 6th Specification or not, I guess practically all of them have.

THE CHAIRKAN: Let's not start reviewing this then if they have
seen it,

MR. ORMONT: Has the laboratory available a chart indicating the
thickness to come off low frequency crystals -- etched off? Is that
available?

THE CHAIRMAN: I will permit you to take one sheet out of this
specification to look sat,

MR. BOTTOM: We are fairly sure, today, that we know the basic
facts about this aging, and this chart shows the amount of material
that must be removed from a crystal in terms of frequency change fol-
lowing the lapping procedures in common use today, to get crystals
substantially or completely free of aging. The chart shows the re=-
quired amount of change of frequency in the vertical side and the ’
nominal frequency of the crystal along here for both AT and BT crystals.
Every single crystal ought to be etched by this,
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IR. HENDERSON: How much quartz is to be removed?

MR, BOTTOM: It is difficult to say what is to be removed. It
amounts to a removal of half a micron from an ideally plane surface.

THE CHAIRMAN: May I emphasize this? Please don't come to us
with the story your crystals don't need to be etched this much, Maybe
they don't, but what does it cost you? What is the difference hetween
etching 15 and 25 KC? We know if you are going to etch them 25 KC,
they will be ockay. Since it isn't a difficult thing once they get into
the etched bath to remove that specified amount, let's do it,

MR, BOTTOM: This is the minimum that we can tolerate.

MR, APPLEBAUM: There is a later specification from the Signal
Corps, dated later than the March 6th specification, which might ule
timately be succeeded by this, in reference to the old style alternate
test of twenty-four inches of mercury, There is a Signal Corps speci-
fication pertaining to DC=34 and 35 dated later than the March 6th
specification,

THE CHAIRMAN: What is the contractor being asked to bid on?
NR. SAUER: The March 61th,

THE CHAIRMAN: I don't care how many specifications are outg
those are the ones we are talking about.

MR, APPLEBAUM: We are definitely speaking about the new speci-
fication 71=3046,

VOICE: Do the new specifications require lock washers?

THE CHAILMAN: They do. Does the above apply te pre-production
samples?

MR. HANDWERG: Dlake the samples up without if it is going to
delay, then correct the condition.

THE CHAIRWMAN: Do your subecontractors have a copy of the speci-
fications?

MR, HANDWERG: Yes.

THE CHAIEMAN: A lot of these questions here you are asking me,
you could have settled in your own mind before you came here if you
had read that specification, I am saying this, gentlemen, there are
so many points you asked which need never have besen asked., I commend
to you the reading of that specification like a Bible because it is
your Bible and our imspectors® Bible, It is your Bible and you can
answer so many questions by reading it so that you can save our time
at these meetings.

- 91 =



Group Discussion of DC=34 and DC=35 Crystals (Continued)

MR. LEUCK: You referred to the drop test. I think you mis-
interpreted me. Ve anticipate dron test troubles, and on this last
contract drop tests were included and we were trying to solve the
difficulty, and we found we should increase the tension of the spring
and eventually put on ten pound spring pressure, After we had done
that, we found we could drop them eight feet instend of eight inches
and not break them,

THE CHAIEMAN: Now you arve talking sbout hﬂlitary eguipment
There is a potential broken holder by virtue of spring prsssure,
When we selected two and one=half teo six pound pressure, we theught
we were safe on both ends, although a two and one-half minimum is
pretty low. Ve thought we wers encompassing wmost of eurrent production.
If you are using stronger springs, or went ito use stronger springs,
there is no omjection providing there is no dangsr of bulging the
holder. I don’t know how we can give a complete snswer to that as to
whether or not the hoider will bulge, because obvicusly different

holders will be different in that cherscteristic, We'd like to have
g A@ better than six,
T
ldex

samples, I think, probably, ten pound pressuy
providing it doesn't endsnger the holder, Aﬁ ?f 26 this one charac~
teristic is concerned, get us ong batch of ho

MR, SAUEH: The same answer came up on distortion of the holder.
THE CHAIRMAN: Maybe we are anticipating troubls,

MR. SAUER: It deesn't look bad to us because the crystals will
take quite = bit of abuse,

THE CHAIRMAN: I'd like to get ahold of some of those units and
see what they look like. If one submission from one crystal manu-
facturer shows that it's all right, we can extend it to the same holder
used by the other crystal manmifacturers.

M. HOLLISTER:s What effert did it have on *the activity by using
increased spring pressure?

e 48'g concerned we

MR. LEUCK: Ag far as we can tell -- whe are
of the DC=34's or DC=35's,

can tell a lot, It didun't affect either one
THE CHAIRMAN: Is there anything slse?
WYNN PRECISION COMPANY: In the specification here, it has on
production test, "sealed or alternate tbht" As it stends now, we are
supposed to give an immersion seal test hundred per cent preduction,
THE CHAIRWAN: It does not give this impression in the inspection
instructions. The combined seal immersion test is applied as an accept-

ance or type test.

NE. SCHEPPELE: Wasn't your inspector notified of that?
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WYNN PRECISION COMPANY: No, He asked me to bring up that ques-
tion,

THE CHAIKMAN: I don't understand how it fits in your activity
drifts.

MR. LEUCK: Te are referring to the activity drift in the change
of temperature,

THE CHAIEMAN: The thing I discussed yesterday was only because
I had been asked questions about it, I was asked what drift was accept-
able, Any drift was acceptable provided the unit remained within fre-
quency tolerance throughout the temperature run or under any type test
applied. There is no requirement as to drift.

MR. LEUCK: What I am getting at is over a period of time, through
a type test =--

THE CHAIERMANz You mean will age? Possibly. On low frequency
units aging which will ocecur during a type test, during a period of
a few hours, will not be very serious, In other words you can't ac-
count for variations in activity during the period of the type test.

ME. LEUCK: If you are talking about ==

THE CHAIRMAN: We are talking about units four megacycles and
below; units presumably being tested at least three or four days after
being manufactured,

MR, LEUCK: That's right,

THE CHAIRMAN: You can not explain changes in activity or fre-
quency by saying the units are aging.

MR. HOLLISTER: I am wondering if it isn't confusing that the
trouble occurs because of the change occurring in the new type of
test which is covered in the new specification., Obviously you have
small dips which are legal, but which can cause failure in the type
test. For instance, you start a vibration test in an ambient tem-
perature of 68 degrees in Colorado in the mornings, By the after-
noon when that type test is concluded, that room temperature may
have gotten up to 8l degrees and if you've got dips in there, you may
have a failure., In the new specification it is recommended -~ I think
that the status of it is that such measurements be made in constant
room temperature.

THE CHAIRMAN: It is a possible answer. This is a more com=-
plete answer to your problem. In several type tests performed on
successive days, the inspector should immediately, before the first
type test, measure the unit for room temperature, frequency and
activity, I suggest you suggest it to him and I'd go to some coordi-
nator with it,
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VYNN PRECISION COMPANY: There are only ten units in the immer-
sion acceptance test.

THE CHAIRMAN: I think it calls for thirty, but I'm proposing
only ten, As I said once before, we need only ten of these. All
the inspector knows isn't what I sgaid up here, He wasn't hsre, I
think you can say that it is, obviously, unreasonable for him to take
your word for it, Maybe he knows you are honest but maybe doubts your
ability to understand things. It is obviously unreasonable to expect
the inspector to take your word for what happened at this meeting.
Furthermore, it is definitely contrary to his instructions, and it
should be, There is a channel of information which goes out to that
inspector, He can act only on that information which he gets through
those channels, Action on any other information is violating his in-
structions, and he is assuming a technical responsibility which he
does not have, He is wholly misbehaving, As a result of these con=-
ferences we arrive at certain decisions and attempt to implement them
as rapidly as possible. You can laugh at army paper work., I do. You
can swear at army paper work., I do, But it isn't just army paper
work. It is work incidental to any organization, I am quite sure
other organizations have worse paper work than we do, When you have
any huge organization you are going to have that always, With us it
can not be avoided. The opposite of that is chaos. If there is no
paper work you are going to have chaos. You have it in your own
organization, The smaller the organization the less the need for it
and the more rapidly you can act., As a result of this conference,
we are going to make certain changes in the inspection instructions,
I don't go back and write inspection instructions, Other people in
other laboratories are going te write them, They are going to write,
I hope, pretty much what I ask them to, First I have to phrase it,
then it has to go through two or three offices, They will get it and
probably rephrase it. There is a certain form which they have been
told to use -- certain matters of policy., It will take time., In the
meantime you will chafe., There is nothing we can do about it, We have
got to accept that, Don't go back to your inspector and say, "Captain
Mitchell said so end so. The contracting officer said so and so," All
we are interested in are the inspection instructions which he gets. If
it is too slow, call the contractor and get him to worry us a bit, Don't
expect it this week or next, Some of these cases where we are relaxing
the requirements which are written into the specification which you bid
on, it is unreasonable for you to expect us to hurry too much, If, in
the meantime, we get something really hot and we feel we have to take
care of it, we may be sidetracked. We will do everything we can. I
am expecting information from Major Dempsey and his people and from
people here from the inspection instruction section. Ve will act fast
on it, and we will get the instructions out to you as rapidly as we can,

IR, HENDERSON: On some of the specifications, accuracies in the
test of .002 per cent and 10 per cent -- It seems to me that with non-
temperature controlling equipment and meters with an accuracy of two
per cent of full scale, that you are rather loading your inspectors
with laboratory measurements and with equivments and training highly

- 9 =



Group Discussion of DC=34 and DC=35 Crystals {Continued)

insufficient for using them, I actually, while not the best engineer
in the world, have done some laboratory work on redio equipment, I
don't feel safe in saying to myself, "I am sure I am right",

ARMBREWSTER (Signal Corps): I'd like to answer that. We have
to work pretty close on equipment supply via subcontractors., We found
many cases where the subcontractor is working with pretty close toler-
ances to the Signal Corps specification, The crystals were gettiing
darn near the borderline cases, In those instances prime contractors
has written the suppliers and asked them to tighten up on their speci-~
fications more rigidly than the Signal Corps gpecifications. If the
subcontractor will take that into consideration as he goes over the
Signal Corps specifications and write his own specifications which are
a lot more rigid, I think he will find out he will get a lot less rejec-
tions back from Glavin and Hallicrafter, We have daily conferences
about shipments involving twenty thousand crystals, It is a tough de-
cision to make on the acceptance of those,

THE CHAIRMAN: I point out what we are asking you to do in terms
of what we are talking about., On frequency measurewment we specify a
tolerance of ,001 per cent., That sounds awfully close, but what is the
frequency tolerance permitted of the units? The freguency tolerance
ie ,02 per cent, and all we sre asking of the grestest accuracy that
can be achieved in your plant is that it be five per cent of the overall
tolerance. That isn't a very great accuracy to request. It may be
difficult to mske, but consider the theory of measurements to use a
yardstick to measure a yard. You want something close to plus or minus
ten per cent of a yard. If we widen up materially we are seriously
kidding ourselves that we are getting ,02 per cent tolerance of crystals,
I can't draw asny other similar comparison. Yes, I can, On activity,
Instead of ten per cent of the tolerance here --

e0o OFf the record discusslion ,..

THE CHAIRMAN: Let's see if you are telking now about the same
thing in our specification. Ag far as frequency is concerned the con-
tractor will furnish test equipment with an accurscy of plus or minus
.001 per cent, And you are now talking about the difficulty of making
that measurement. Well, thst specification doesn't say all frequency
measurements will be accurate to that extent, but that the ultimate
capability of it, if he uses great care, is that he can make measure-
ments that accurate. I think you were interpreting it that way.

MR. HENDERSON: I realize that, Captsin, What was really in
my mind was this, I realize that this is only a start and that I
would like everyone concerned to resglize that they are approacing
the limits of equipment now avsilable and operators of avallable equip-
ment,

THE CHAIEMAN: That phrase was first used more than a year ago

now. I don't know exactly what yocu men have in your plants, but I
don't think it is particularly too tough to ask that measurements be
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made in that extent, Your argument about meters being two per cent
meters may or may not be applicable in type tests. You are interested
in reproducibility, and in fact, talking about reproducibility rules
out meter inaccuracy on two per cent meter which is calibrated within
two per cent, If you use the same instrument you will have eliminated
most of the meter error,

MR, HENDEKSON, I realize that it has slso been stressed to use
the same equipment.

THE CHAIRMAN: It behooves the inspector to do that.
MR. HENDERSON: Conversely, however, to them the same equipment

means the same physical equipment, Howswav, that same piece of physical
equipment can be entirely different.

o
¥

THE CHAIEMAN: Good equipment wouldn’t be.
M., HENDERSON: I speak of the CES-1 test oscillator,.

THE CHAIRMAN: As far as CES-1 is concerned; if that is the thing
limiting the accuracy of your measurements, then six months or a year
from now we can ask for tighter specifications. As far as the whole
extent of that point, it is not so much a point of greater accuracy as
it is the ability of the wwerator to read an interpretetion between the
markings of a few microsnperes. I would like to see a meter with a
bigger scale which can be read directly by marking. Can we get better
meters in those sets? I don't know the answer,

eeo Off the record discussicn ...

THE CHAIRMAN: We'll lock into it. Thank you for the suggestion,
This shouldn't be governing in this case, Wut just let me point some-
thing out to you so you can have a better understanding of some of the
problems we face. FProbably the same sets we use are standard for you
and will be issued in the field., Maybe we could do something else,
but the first answer to the procurement vroblem, probably is to use
the same thing. When we start shipping to the field, we are severely
limited in what meters we can use. Two different test sets could be
designed with one for the field,

QUESTION: %hy not have the meter calibrated for two and one half
millimeters rather than for five?

THE CHAIRMAN: It is simply a question of the availability of
the instruments. If you get up close to the center of it, you can
read it better.

MR. ANDERSON: On frequency measurement, Hans pointed out that
with fifteen or sixteen cycles on low frequency there is little differ-
ence. Ve can prove it. TWe have the equipment capable of reading accu-
rate .0001, but it takes someone who has had experience to read it,
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THE CHAIRMAN: I realize the problem., Bguipment, if it is used
carefully, is capable of reading to that accuracy. Suvposing I ask
you to provide the equipment tc measure ,001 per cent?

MR. ANDERSON:r Would we hold the crystals until we were able to
meet that spec?

THE CHAIRMAN: Obvicusly not,

MR. SCHEPPEIE: Are you having trouble with the inspector reading
that?

MR. ANDEESON: No,
MR, SCHEPPELE: If you sre having sny trouble contact this office,
MR. ORMONT': On lew freguency are one-hundred cycles allowed?

THE CHAIRMAN: It says you shall furnish the equipment capable
of furnishing .00l per cent,

MR. HOLLISTER: The matter of meters, in a similar problem, came
up a few years ago. At that time il was specified that a meter be used
not larger than would read seventy-{ive per cent, full scale, at the
range that meter was working in,

MR, BOTTOMs I think it might help some to justify this state-
ment of required accuracy. In a lot of plaents the Signal Corps in-
spector has nothing to measure the frequency with except the crystal,
you have given him, and told him, that it is on frequency., I have
been in plants where the Signal Corps inspector had nothing better
than that to measure your fregquency with,

VOICE: Another serious thing is this, The crystal placed in
a standard 34 or 35 standard will drift more than in the air in making
a reading.

THE CHAIRMAN: They wouldn't hsve the same drift. We try to
take a reading immediately when it is put in, or wait until it settles
down, Take it under similar circumstances each time. There is a real
reason why that test set does thal, becsuse the radic set does it,.

The intent of the specification is that before and after measurements
will be taken under the ssme conditions and at the ssme ambient tem-
perature, calibrated the same way, and if a drift is due to self-heat-
ing, measurements should be isken st the seme amount of time after
initial insertion. I don't see how you cen put sll that into the
specification, These are all preblems. Probably some of the inspec=-
tors won't appreicate them immediately., Most will,

VOICE: I have seen cases when we went to get a stable reading,

There is a slight movement, It should be close to thirty cycles, and
if he watches it it will be thirty cycles,
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QUESTION: Suppose it is twenty-eight cycles?

THE CHAIEMAN: Somehow we have the understanding that the reading
must be taken under the same set of conditions, I feel confident that
you can help us do that,

WYNN PRECISION COMPANY: On immersion tests it takes quite a time
and we change shifts. We got one reeding, and due to the different
correlation of two inspectors there was a little difference there even
if the crystal hadn't changed any.

THE CHAIRMAN: They probably have a characteristic way in which
they take a reading,

IR. SCHEPPELE: That's really something you have to settle with
your inspector. That's a local problem,

THE CHAIRMAN: The ideal answer is obviously for the same man to
take it,

NR. SCHEPPELE¢ Has that caused you any rejections?

VWYNN PRECISION COMPANY: Ve have had some on immersion. We don't
know if that was the cause,

eee Off the record discussion ,.,

MR, LEUCK: The same man will vary, and consequently another man
will vary even more,

THE CHAIKMAN: The meeting is over,

The meeting adjourned at 4:15 P.H.
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LT, R. L. SNYDER - CHAIRMAN

THE CHAIRMAN: We are now passing out a specification which is
only a proposed specification and it may look different in a couple
of weeks or a month. I don't think we are going to have time to go
through the specification in detail. There are several things that
have been changed in the acceptance test, One is the number of rejec-
tions allowed on the temperature runs. I think everybody is interested
in that.,

I will let Mr. Brewster explain that change in the paragraph on
activity and temperature run. That will be a separate paragraph.

MR. BREWSTER: (Galvin): We now have two conditions prevalent in
243 Crystals that cause rejections. One cause is sharp dips. The
other is miscorrelation of equipment.,

Sharp dips may occur at a single temperature and may dip down
quite deeply. Correlation errors or failures may fail over quite a
number of temperature check points, but very slightly below the minimum.

ooo Mr. Brewster illustrated this point with two diagrams drawn
on the blackboard ...

MR. BREWSTER: What we at Galvin are requesting for our subcon-
tractors in order to allow production to proceed is that we be allowed
two such crystals as this and one crystal like this (indicating). Two
crystals with a quick dip below minimum and--that is, two crystals with
quick dips at any two temperatures and one crystal with a gradual sweep=-
ing dip covering three temperature test points going slightly below the
minimum,

I believe that about 90 per cent of the crystals meet the activ-
ity requirements of the March 6 specification. That is from the stand-
point of the type test rejections. In other words, if the March 6
specifications were adhered to from the standpoint of activity require-
ments through the temperature run, at least 10 per cent of the crystals
would be lost.

THE CHAIRMAN: In other words, by all the manufacturers, not one
particular manufacturer?

MR. BREWSTER: Well, to go further, there is first of all this
condition that some manufacturers are not using these waivers. However,
their production quantities which they are shipping is substantially
lower than it has been previously.

The other condition is that the balance of the plants that are
on schedule or close to schedule are using the waiver, Now, there may
be 5 per cent of the plants that are not using the waivers who are on
schedule.
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THE CHAIRMAN: I think, gentlemen, tc get down to this, which ie
suppesed to e an informal discussion, if you wlll note this proposad
specificatisu, the double ssteriesks dsnote changes from March 6 speci-
fleationa, Buppose we start from the beglaning.

QUESTION: Do you also propose one activiiy failure as 11 exisis
is onel

THE CRAIRMAY: Mot balow 10 per cent,

SAME QUESTIONER: One that actually falls in sctivity?

MR, BREWSTERs My proposal was we be allowed one crysial that
falls to 10 per cenbt below the minlmun activity reguirvements and two
eryetals which fall to 50 ver cent below the mininmum sctivity regquire-

menbs, et nod at twe miccsgsive two degree temperature test iuntervals.

SaME QUESTIONER:  That would be in 1llsu of oune complete fallure
as the specifications provide?

THE CHAIRMAN: That is a devistlon from the preseant specifications,
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Group Discussion of FT=242 Crystals {Continued)

one category and one of ancther., In other words; there will be 1, 2,
and 3 fallures,

KR, BALTER: The thing we are trying to get away from is the one
failvre allowed

o

QUESTION: According to
failure. It could geo down

his, it wouldn't have to be a complete
to 75
again, Suppose it dipped 75 p

per cent minimum and then back up
ent, what then?

MR, BALTER: I¢ has to be pajected, That is right,

SAME QUESTIONER: Are the inspectors still going to make the 100

per cent check at room temperaturs?

MR, BALTERE: No,

9

thet is not imn the specification,

IO My, Brew&t@ & thesis szems to be a crystal with a
narrow dip or 10 per cent below the minimum limit is & corystal which
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Group Discussion of FT-243 Crystals (Continued)

Beceusé of these small differences which are really hairiine things,
we are knocking out a whole raft of crystals and no one is getting any
place fast, 1 think the object is to settle on something whereby we have
a compromise and still not lower the activity standards or try and get
awvay with passing crystals that are really dead. None of these crystals
we are talking about would not work in a set.

THE CHAIRMAN: I think that is what Prank is trying to do, to com-
promise on correlation of the equipment with the 10 per cent belew,
allowing ons reject on 10 per cent below and compromising with those that
have excessive activity dips by allowing two to go 50 per cent below is
Tessonable,

SAME QUESTIONERs This seems to be a good compromise if the Signal
Corps wante to go along with it.

THE CHAIRMAN: Dropping that 10 per cent below may not solve your
borderline cases. You may have to raise your production abtove your
mdnimum in order to keep to the one going 10 per cent below.

000 Qff the record ooo

QURSTION: He is restricting it to two of one kind or one of
snother, Why met have three altogether?

THE CHAIRMAN: We are defeating our reasoning in back of that, by
allowing three that could go down 850 per cent then.

QUESTIONs Do you figure out it takes .42 Yo operate that regular
size E59 in asccordance with the operating characteristiecs of the set as
defined by the Sigral Corps? Since then have you done any work %o f£ind
out the minisum possible operating conditions?

MR, BRIWSTER: In snswer to your question, we have not.

SAME QUESTICNER: If not, we don’t really lknow what we are talke
ing about,

MR, EREWSTER: We know .42 will operate the equipment to the Signal
Corps requirements.

QUESTION: TYou are down 10 per cent?

QUESTION: .23 is a sherp dip. If this is true, what Mr. Brewster
is telking about, the Radio Set is inoperative in a sharp dip. I am
thoroughly against allowing those dips because I don't think at any time
ghould the set be out of operation.

PREVICUS QUESTIONER: I agree with him, 8ince we put through that
waiver thers hag only been one case I know of. We are testing now at .45,
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THE CHAIRMAN: You set your standards up?

SAME QUESTIONER: There has only been one case where the Signal
Corps, checking at .42 have found a crystal that went out and that was
at 70 degrees and they recalidbrated the temperature and found out it
was 72 degrees instead of 70, That has been our experience on that
particular one.

MR. BEEWSTER: In specific answer to your question, I would like
to roint out that you had the advantage of a number of Signal Corps
personnel in your plant. I would like to summarize to this extent that
a condition did exist where equipment was improperly correlated, and
after the equipment was properly correlated, corrective measures were
suggested and taken by the manufacturer to improve the quality of his
produact over what he had previously been delivering and he states now
that i1t has materially increased the quality of his product go he ap-
parently does not need the waiver,

SAME QUESTIONER: I still think we should have the waiver although
we should menmufacture or attempt to obtain that in our own quality con-
trol, tut as far as the Signal Corps is concerned to avoid having sub-
missions going back into our lap which throws a monkey wrench into the
machinery for the next couple of daye-——

MR, BREWSTER; We are perfectly in agreement with you and we
feel that if you and your inspectors keep up the work you have done,
some time in the future you will have your plant so well organized and
your test equipment so well correlated that progress will be made in
eliminating these dips to the extent that this will no longer be a
problem,

SAME QUESTIONER: In working out a new specification we will
eliminate the plan,

MR, BALTER: The point is, operating under the waivers, you are
asking the Signal Corps to take three dead units per thirty samples out
of a thousend-- You say we are supposed to take 10 per cent dead units
which means we could conceivably take one hundred dead crystals out of
every thousand we accept.

This waiver we are referring to as far as the Scranton meeting goes,
says we will accept three units which fall below specification limits.
Since this 18 a sample, we are going to take units which are 10 per cent
defective. Three out of thirty failed and may have gone completely bdad.

SAME QUESTICNER: I am predicating this whole thing on the fact
that you have your own quelity control setup to a point where you know
you are not going to get those, but at the same time, who can tell?

MR, BALTER: Now, we are back again to the inherent defects.
Personally, I think the feelings of the Laboratory are, there are
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no such things as inherent defects--dips that appear one time and don’t
appear another time. Let’s not argue that now, That is a highly debat-
able point. We want an answer which is going to be effective immediately.
An ansver that will permit production as you want and which will give us
better assurance that we are not taking a hundred dead crystals per thou-
gand.- .-

8AME QWESTIONER: Let’s put it this ways Go ahead with it and we
will ¢ell you what we think of it.

MR, BALTER:s We are willing to allow a general reduction of the 1limi¢
of 10 per cent for the temperature run, That is to take care of correlation.
If any one unit falls below 10 per cent on the temperature run, those sub-
mitted are rejected. However, recognizing the fact there are some mys-
terious factors we donlt know about and whiech come in, we will teke two
upits which fall not below 50 per cent of the minimum acceptable limit,
at one temperature test point, and that way, we are getting away from
accepting any totally dead units and have reasonable assurance that all
units will operate their radio sets then.

QUESTION: I ask there should alsc be allowed one failure which
goes below the 50 per cent dip because you are going t® have them in
submiseions from day to day and I donft care who it is, they are not
making crystals that good,

MR, BALTER: We have figures which show that 80 per cent of the
namifactureres submitting crystals to Galvin are operating without thess
walvers,

MR, BREWSTER: At reduced production. That is what we ars trying
to do, to help you out to try and get the production.

SAME QUESTIONER: The way it is now, you are ailowed one failure
completely., Under the new specification, if two crystals fall below
10 per cent of the minimum you would be rejected.

MR, BAILTER: 1If two crystals fell below 10 per cent in a slow
curve.

3AME QUESTIONER: How are you going to tell that?

MA. BALTER: The distinction 418 going to be made whether the unit
fell below 10 per cent on two successive readings., If it does that,
it is a reject, If it goes below 10 per cent on one and not below S0
on another reading, that is mot a reject.

ooo Off the record ...
QUESTION: How about this compromise--instead of allowing two dips,

allow one dip on the 50 per cent and one dip on the 10 per cent and then
one dip below that.
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MR. BALTER: No, we are back to one dead crystal again,

SAME QUESTIONER: It doesn't have to be dead. It could be 50 or
55 or 60% below. All I want is the one crystal that would be a dud
a8 far as these limits are concerned and a fighting chance for the others,

MR. STANLEY: Ve are doing a lot of bickering over something here.
Under the principles of type testing, you are type testing a group to
guarantee production temperature runs. The Laboratory has said under
the type testing they will accept a certain amount of defective crystals
because you are not going to get every one right., You know that, So,

I am inclined to agree with these gentlemen that we should allow one
that fails in getivity plus these deviations here. These are much more
than I expected to be given by the Laboratory.

QUESTION: By failing do you mean completely dead?
MR. STANIEY: I mean anything below the 50 per cent limit.
SAME QUESTIONER: In other words, a dead crystal?

MR. STANLEY: In making the temperature run it is very easy for
the inspector in inspecting the wheel or the box to meke a bad erystal
that registers zero activity, That crystal is going to be thrown out,

MR. BALTER: Well you shouldn't have that condition and in very
few cases do you have it,

QUESTION: It seems to me in discussing the dead crystal, we are
getting away from the primary purpose of this particular type test.
After all, the temperature run is not designed to determine how many
crystals are dead. It is to determine the activity requirements between
a certain temperature range., This is my thought: If one crystal is
found to be dead in that particular type test, it should not be neces=~
sary to take that whole lot of a thousand and run them back through the
temperature test, but test them at room temperature and see if any of
them are dead., I think maybe the assumption is the whole lot is being
rejected because of the dead one that got in there, but you go back and
take your thirty crystals and check them and if you find another dead
one, you would be pretty well hooked, wouldn't you?

THE CHAIRMAN: Gentlemen, I don't think there should be any dead
ones in there.

QUESTION: I think they are going around in circles for one rea=
son: We don't hold ourselves up as an example, but I want to say this,
we make it a point, and this is something 1 have been arguing with my
inspectors about, I have been wanting the inspectors to make it a part
of this specification or the one we are working on now, a provision
that every crystal should be put in your vibrator and vibrated. That
is, rigidly clamped down and vibrated for five minutes at 50 to 60
cyclea. We have been consistently doing that. Mr. Brewster can tell
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you that on the new specification, without the relaxation, we have
turned out some eleven or twelve thousand crystals and I say this,
which is the gosnel truth, that we have not had one dead crystal go
through our heat run, let alone, be found by an inspector. I think
that would cure the whole situation if the boys had to do that.

I want to say another thing about correlation. ¥e had one case
where we started on the correlation of the equipment we were running
10 per cent rejects, and we knew we should run 45 per cent, We were
too good. Everybody was happy but me because I said we can't be
that good, and we took and made up special crystals, some that were
at the passing point, other below the passing point at various stages.
We ran them through the CES-1 test oscillator,

We first took the crystals that were at passing and put them
on the units that were supposed to be correlated and found they read
perfectly. But, we took these low crystals and ran them through the
heat run--which were low on the CES-l--and in some cases they ran
6.56. Now, we took the insides out of these machines and we really
pulled them apart. We took out the condensers, fixed the condensers,
and all kinds of wiring, and we made those units coincide with the
CES-1, and in doing that, we found we could take the CES-1, put these
low crystals in it, take it out and put them in the heat run, and the
inspector could see where they dropped to a certain point in the CES-1,
they dropned to the same point in the hot run box.

Now, I would like another oprovision in the specification to take
care of that because I know other factories are not aware of that fact
that the specification should be changed to the point where each in-
spector would have a series of those c¢rystals--I don't mean erratic,

I mean crystals made at a low standard of activity so that could be
checked in your plant and you are not going to have all the trouble in
operating that you do now,

MR. BALTER: Well, certainly every nlant so far is correlated.

SAME QUESTIONER: I want to differ with you there. This happened
after an engineer was there and had okayed my equipment,

MR. STANLEY: May I give an experience here, too? This was in
the case of a plant on the Pacific Coast, The inspectors have run
type tests on 1050 crystals through the temperature cycle, There have
been five lots out of thirty thousand crystals rejected or have had
the red dot put on them because of activity failures under the old
specification, and the failure of every one constituted a quick dip.
There wasn't one that stayed low. That is the gist of the whole thing,
as I see it,

MR. BREWSTER: Gentlemen, we have gone all around this thing and
I would like to say this: That I havenft put up this suggestion with-
out giving it very careful consideration. We ran hundreds of crystals
through at Galvin during the past two or three weeks; crystals that
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were made to the new specifications, and I have gone back over those
charts in trying to analyze what causes failures and it has been my

feeling that these things which sre brought up here today will allow
about 98 per cent of producticn 10 proceed on the basis of tests and
re-run tests, which we have made at Galvin,

Now, if anycne else has studied the problem and made charts
and feels that they have sufficlent information to propose an alter-
nate suggestion, I am sure the Signal Corps will be glad to consider
it. If there aren't any concrete suggestions to this immediate pro-
blem of the number of rejections allowed and the temperature runs,

I would suggest that we request a showing of hands to get an indica-
tion of which direction we should travel,

QUESTION: I would like to raise a point here. Suppose you
have three dips, sharp dips, and none of the ethers were rejected,
what is your decision?

MR. BREWSTER: That condition weuld occur very rarely. What
I am bringing out is that accepting crysitels on the basis which has
been outlined here today, on the basis of cur figures and our in-
vestigations, that we will get 9& per cent of the production it is
possible to get.

SAME QUESTIONEE: I mean, instead of having two crystals that
dipped twice, suppose we had three that dipped twice and none that
dipped once?

MR. BREWSTER: Under that condition, you would have a shipment
rejected. But, that occurs wvery infrequently accerding to the records
which we have made,

QUESTION: How about two rejections for any size?

MR. BREWSTEK: What you are allowed now i1s that the Signal Corps
inspector will accept any crystals which go down to 42 and you may
have in there crystals which are completely dead or which fall e per-
centage beyond 42, We and the Signal Corps feel that that is somewhat
too lenient and in a meeting which we had last night, we talked this
situation over andwe have requestsd that the waivers continue. The
Signal Corps wanted tc take them ovui comnlately. We arrived at this
solution which was what we fell was necessary in order to get produc-
tion.

Now, in answer to your guesiion that the 42 on the 659 will
allow that crystal to proceed. I mean the lowering of that limit
must be a certain figure, but that figure iz not zpplicable to the
other contracts that will be affected by the specification and by the
waiver so that what we want to do is arrive at something that will
apply generally to all the crystals of =1l types.

THE CHAIERMAN: Suppose we go through the specification here
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and note the changes that have been made?

QUESTION: I would like to mention, in the past year and a half
or so, I have witnessed temperature runs of hundreds of thousands of
crystals with the readings recorded on charts. The charts are on file
now at Galvin Manufacturing and I have seen runs time and time and
time again when a crystal exhibited an activity reading of zero in one
spot., These happened to be CR-1 crystals.

I am very inclined to believe those crystals were not defective
crystals as much as a bad contact or something that occurred in the
equipment, and I am hesitant to allow or to feel that something of
that nature will be the cause for rejection of a thousand crystals.

THE CHAIRMAN: My only suggestion is that there happens to be
two more conferences going on that are probably discussing the same
thing, and this original proposal right here is one we talked about
last night and everyone agreed with it. Now, if there is anything
else that comes out of the other conferences--

QUESTION: I would feel much better if a lot of the chance
were taken out of it. If there is a dead crystal, let's put a second
alternative to it where the inspector selects another lot and checks
them instead of rejecting that entire lot.

QUESTION: Wouldn't it be possible to have the inspector
authorized to re-run that same lot?

THE CHAIRMAN: I think we will probably say the inspector may
re-run the crystals if the cause of the failure can be traced back
to any particular reason and you can eliminate those particular
failures as you resubmit the lots. As we go through this, I think
you will see that?

ees Off the record ...

QUESTION: Mr, Brewster named all the steps. Undoubtedly he
conducted the tests under his correct supervision and correct control,
They were undoubtedly done by girls experienced in that and on good
equipment, We are talking about taking an inexperienced girl and
giving her a temnerature run box which she has never used before, and
it takes some time before she learns how to do it. Basing statistics
on the number of rejections made by exnerienced operators and people
who are well qualified--

THE CHAIEMAN: I think Frank has based this temperature com=-
promise on testing units«-not the ones we got a year ago, but the
ones coming in under this Specification.

MR. BREWSTER: That is right and it is not only that condition.

The reason we made the runs at Galvin was to determine how the crystal
units failed, what percentage failed, and for what cause., These per=-
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centages do not indicate the number of failures on crystal units coming
in by any mesns. They indicate failures in plants that are now manu=-
facturing crystals and of the rejections encountered by the Signal Corps
inspectors. That is based on a letter sent to our subcontractors and
based on the information therefrom.,

THE CHAIRMAN: Shall we get back to this problem again: Shall
we go through the specification now?

F-la is merely a rewording of that paragraph.
F-2a is Reference Standard Crystal Test Set.

I don't seem to have the first pages here. Ve will start with
C-%a, Finishing Treatment of Quartz Plate, This specified the crystal
will be finished to final frequency by etching,

.es Off the record ...

QUESTION: Is the use of the quartz aggregate in the cleaning
procedure considered other abrasive as stated in C-9g?

MK, BALTEE: There is the mere fact it doesn't wash up as much
as one that is jarred a little bit. I think the only thing to do is
submit some samples which we will put in our test and see if they do
age. That is the only way we are going to approve it, and until such
time as that is done, I don't think they will be acceptable.

QUESTION: You do not consider scrubbing with a toothbrush
abrasive, however?

MR. BALTEK: No.
ess OFff the record ...

QUESTION: Is it permissible to use hand abrasives on the surface
of the FT-243 under four megs?

THE CHAIRMAN: Under the new specifications, all crystals ordered
under the new specifications will have to be acid etched.

eeoes Off the record ...

QUESTION: The clarification of scratches and chips was asked by
the floor., We would like to have this as quickly as vossible,

THE CHAIERMAN: The Inspection Agency is working on that problem
and they are setting up standards.

WUESTION: Has the Laboratory ever produced any conclusive evi-
dence of the seriousness of scratching?
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THE CHAIRMAN: These standards that are set up may be much lower
than they were previously due to etching requirements.

SAME QUESTIONER: Do you mean more obvious scratches will be per-
mitted after etching?

THE CHAIRMAN: That is to be discussed,
ese COff the record ...

QUESTION: Presuming this standard of scratching will be attained,
from the ten crystals that will be opened, if more than one has a re-
Jjectionable, obvious scratach or chip, is that subject to rejections?

MR. STANIEY: That is right, If it is defined as a fault, it
will be; if it is an obvious chip as set up.

QUESTION: On the matter of scratches, I understand the matter
has been taken up between your laboratory and ARL and that the effect
of scratches on an etched crystal is yet to be determined, but it is
being worked on,

THE CHAIRMAN: Yes, and there is an indication that the limit
may be lower,

SAME QUESTIONER: We aren't sure yet what the effect of a
scratch on the etched crystal is, and it is very obvious that scratches
show up on etched crystals which would not show up on one finished with
a coarse gbrasive, That applies to crystals finished with a fine ab-
rasive also and the thing is being studied and it is being discussed.

THE CHAIRMAN: General Requirements. D-1. The only change in
that paragraph is the omission of preproduction samples., It is a
matter of clarification.,

The next change is E<=9a, That is a clarification on the her-
metic seal test equipment.

MR. BREWSTER: We had a little discussion on that and it was
pretty well agreed by the laboratories, I believe, that crystal
samples approved for one type radio set--could stand approved for
other models. The only contingency which would be involved would be
the correlation of the electronic equipment, and for that reason,
verhaps a pilot run might be required. But, other than that, we were
unable to find any other change which would be required.

QUESTION: Will preproduction sampnles be required from all
manufacturers before they begin under the new specifications?

TEE CHAIEMAN: That is right. That is what it says.

vweo Off the record ...
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QUESTION: If we all submit them at the same time, what will
happen to production in the meantime? It is going to take them a
long time to get them checked.

THE CHAIRMAN: Galvin and the laboratories are working on them,

VR. BREWSTER: I think I can say you fellows will be pretty
well assured that production is not going to be held up if we can
possibly avoid it. We are working on a number of different ways in
which we can expedite approval of the preproduction samples and also
expedite the pilot run prior to the first submission of samplesunder
any specification.

ese Off the record ...
THE CHAIRMAN: Does anyone else want to say anything?

FLOOR: It is all very well and good to say the manufactuers
are not going to suffer any loss of production because of the delay
in testing preproduction samples. As long as the contracting officer
requires that production, that is true enough. There are going to be
waivers made. But, on the other hand, from the legal standpoint, the
manufacturer is on the spot plenty., Assuming the contracting officer
decides the particular amount you were working on wasn't particularly
important and no emphasis was made to expedite the testing and approval
of samples and the pilot runs, I can see this coming ups What happens
to the manufacturer, twiddling his thumbs waiting for the stuff to come
through?

THE CHAIRMAN: The only thing I can go back to is the previous
statement, I don't think we will discriminate against any manufacturer.
The first ones in will be the first ones tested, and we are going to
try and test all of them as quickly as possible.

eos Off the record ,..

THE CHAIRMAN: Are there any comments on the drop test? I be-
lieve you all heard Captain Mitchell's comments.

QUESTION: You can't read 38 cycles in the first place, and you
are going to get that in change of temperature by the time it is
dropped a couple of times,

THE CHAIRMAN: That is true, but in the higher frequencies, I
don't believe you will find that. In the 34 and 35 program, we have
been allowing .003 as the deviation on that, The ,002 as indicated
here, was changed tc ,003, Is your proklem on the 34 or 35?2

SAME QUESTIONER: It is BC=-611 and DC-37.

THE CHAIRMAN: How do the rest of the contractors feel on that
drop test, the ones making BC-611?
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..« The majority of the contractors agreed that point was not
bothering them ,,,

MR, BREWSTER: I would like to say one thing; I understand that
problem, I think that is a problem of the whole industry. That is,
when the tolerances of a test approach by 50 per cent or less the
degree of accuracy which you have in your equipment for measuring the
results of that test, then naturally your test is no longer a test
on the unit, but becomes a test on the accuracy of your test equipment.
I would suggest that through all of these tests, drop, vibration and
cleaning and everything else, that a minimum be established which is
flat without regard to frequency which will allow for the measuring
equipment,

SANME QUESTIONER: I was going to suggest we use 100 cycles or
.002 per cent, whichever is the most,

THE CHAIEMAN: I know this is a problem on some of them,

SANE QUESTIONER: Getting back to the 243, it will come up on
the 34 and 35, but you are dealing in two different masses. We haven't
experienced the trouble in the 34 as we have in the smaller blank in
dropping, because you've got two mass problems, so it is definitely
not a 34 or 35 oroblem, but an FT-243 problem,

MR, BREWSTER: Will you recommend at the general meeting follow-
ing this one that that was our conclusion and arrive at some sort of a
compromise agreement?

MR. BALTER: I think you are overlooking a number of facts, One
is, there shouldnft be an appreciable temperature change in a crystal
that is picked up and dropped five times in a matter of thirty seconds
or a minute, and if there is, there is no good reason why the tempera-
ture of the crystal cannot be regulated and it should be tested to take
care of that.

SAME QUESTIONER: If the Signal Corps will do this, we will be
glad to do it* You mgke arrangements with the War Production Board
to release air conditioning equipment to air condition that room,
That is the first thing., Secondly, you will allow us to write off,
during that contract, the cost of air conditioning the room., Air
conditioning is a big advantage because we tested crystals in air-
conditioned rooms and found the crystal units met requirements,

MR. BALTER: Air conditioning is a solution, but it is not the
only solution, You can have a temperature control box which need
not be larger than a foot square,

SANE QUESTIONER: You are still bringing your crystal out into
the room which has a different temperature.

MR. BALTER: If there is any change, I don't think it is
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appreciable. Secondly, the other conditions can be remedied. We can
have the inspector drop the crystal and then read it immediately
afterwards.

THE CHAIRMAN: I think there will be quite a discussion on the
34 and 35%s on that and whatever they have on lower frequencies should
also apply to FI-243%s.

MR, STANLEY: I think the solution is an air conditioned box.
That 1s what we are doing on the Coast. I think that is the only solu~-
tion outside of what was suggested. I think we will settle for a box.

THE CHAIEMAN: There has been one change from the specification
as you now have 1t. ARL has 200 megohms. This may be changed to 200
megohms too. That 1s E-11. The frequency and activity requirements
on that test have been eliminated.

ooo Off the record .-
QUESTION: If shipments are rejected, what 1s then done?

THE CHAIRMAN: The cause is determined and then they are reworked
as defined by Captain Mitchell in his talk.

ooo The means of reworking rejected shipments was then discussed
and the subject was put aside to come up in the following meeting ...

THE CHAIRMAN: The next change 18, we have taken internal inspec-
tion and made it a separate paragraph. It was confusing as we had it
before. It was cleaning and internal inspection. It is now a separate
paragraph.

MR, BALTER: Before it was cleaning and internal inspection, and
therefore only one failure was allowed. As it is now separated you are
allowed two fallures under each section.

ooo Off the record ...

THE CHAIRMAN: We are going to define a scratch or chip but it will
take time. In the meantime these are in effect. If two crystals out of
the ten fall that would be cause for a rejection. Likewise, i1f the in-
spector feels the blanks are scratched more than they should be, a thou-
sand crystals are rejected. I wanted to dbring.that question up as it
has been asked many times.

MR, BREWSTER: In regard to that I would like to say that our
subcontractors have all been notified by letter that i1f such an occur-
rence happens that a shipment i1s rejected because of internal inspec-
tion, we in turn will request through Colonel Harris® office that a
zone coordinator be sent out to the plant or that a pilot run engineer
be sent to straighten out the situation and they have promised us
twenty-four hour service on it.

THE CHAIRMAN: P-6. There has been a change there. "Acceptance
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Tests, Acceptance tests shall be performed by the Signal Corps Inspec-
tor, and shall be the basis of accepting crystal units as meeting the
requirements of this specification, or rejecting them as failing to do
80, ¥

¥-la is clarification.

F-2 refers to the standard crystal test set and is clarification
on the distribution of the test set.

F-2b i

QUESTION: I notice that reads, "The crystal units may be subjected
to all tests.®

MR, BALTERs That is at the option of the inspector.
THE CHAIBMAN; The next paragraph is F-6b, Failures.

F-7, Etching Test. Oh, by the way, we should gc over F-6a. It
is not marked with the double asterisks. That is sample selection and
test routine.

QUESTION: What is the total amount of crystals taken for the
test? How many tests have you done? There are ten. In other words,
they could taslze thres hundred crystals.

MR, BALTER: ¥No, the same units must be subjected to both seal
and immersion.

SAME QUESTIONER: Tou are still tallkeing about an appreciable quan-
tity. Frankly, I domn't think they will.,

MR, STANLEY: That operates in your favor. You are not performing
destructive tests on them and the only thing we fought tc get in before,
was to expedite the shipment because it takes ten hours if you take one
group and run them through whereas you can take the group and run them
through ae specified here and it doesn’t take that long.

THE CHAIEMANS F<7, no comment,

oo Qff the record discussion on the effect of surface moisture
apd humidity ...

QUESTION: Could we be allowed to blow a fan over the crystal or
allow it to be wiped off?

QUESTION: Could the units be permitted to stand mere than thirty
minmuten?

MR, BALTER: Well, the purpose of this is to provide a standard
test, If you permit them to stand longer, you will evaporate the
moisture that has been absorbed. If you want to wipe them with a towel
at the end of thirty minutes, I think that is permissible.
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MR, BREWSTER: You cen’t wipe it all off. The same thing applies
to a plate of glass on a desk,

QUESTION; The one thing we all want to know is when we have to
start out etching procedure and I think in a few minutes we should decide
that.

QUESTIOK: In paragraph 1&-a, do I understand we can put it in and
take 1t out and dry it?

THE CHAIRMAN: ¥o.
SAME QUESTIONER: I¢ doesn't say we cen't,
000 Off the record .coo

MR, BALTER: There is one change at the end and that is in H-5c.
We also skipped over a previous paragraph on the standard test sets
and that is that these three echelons of etandard crystals have changed
somewhat, In that, the reference standard crystal test set is going
to be furnished the Signal Corps inspector,

THE CHAIRMAN: I think we had better get around to the etching.
ooo Qff the record discussion ...

QUESTION: What did Galvin get as a result of their telegrams?

MR, BREWSTER: The results of our telegrams was that a lot of
you could be etching your crystals without interfering with production,
by about September 15, with the exception of one or two companies who
I haven'!t heard from,

Now, it 48 our opinion, from speaking with members of the Signal
Corps and speaking with manufacturers who are now etching, that 1t will
take considerably longer than this time beceunse of the lack of available
equipment, the enginsering time that is regquired to establish pre-etch-
ing technique in the blask, the investigation of various fluids and their
effect on etching in your own partieular process and various other en-
gineering angles of getting etching inte operation.

Therefore, it is the request of (alvin Manufacturing that etch-
ing be not reguired until at least the first of October. We have done
everything possible to have ocur subcontractors etching before that
time. Many of the crystals that you are getting now are etched and a
larger percentage of them will be etched in the very near future, and
we hope to have time to work iate this thing gradually. The earliest
possible date would be October 1, and we would like to have more time
than that if the Signal Corpe can poesibly allew 1it.
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THE CHAIRMAN: Well, I think we should set a date like October 1
if there are several companies that have not gotten into etching at
this time,

ooo Off the record ...

ooo The meeting adjourned at four twenty-five oleclock ..o
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GROUP DISCUSSION OF
CR-1 { /AR AND DC-11-( ) CRYSTALS
CAPTAIN J. E. FOX - CHAIRKAN

1. Captain J. E. Fox of the Alrcraft Hadio Laboratory called
the meeting to order at 2:30 P.M. An cutline (copy attached at the
end of these proceedings) of the topics to be discussed was presented
to the various representatives.

2. During the introductory remarks given by Capt. Fox, atten-
tion was called to the fact that the conference time had been con-
siderably shortened, and that it would therefore be necessary to
dispense with thet part of the discussion dealing with contractual
and inspection matters. As a consequence, the discussgion was limited
to the Signal Corps Acceptance Tests performed under &.%.S., Specifica=-
tion C75,11 ~ 1944,

3. The initial discussion concerned the seguence of acceptance
tests as presented on pages 3 and 4 of the outline, In answer to ques-
tions concerning the sequence of tests shown page 3 of the outline, it
was pointed out that:

8. It is necessary to run acceptance tests in the parallel
arrangement similar te that shown on page 2 of the outline in order to
complete Signal Corps tests the same day as the production lot is sub-
mitted, Crystal unit lots of thirty, when subjected tc each test in
rotation, as presently liszted in the 4.W.5. Specification requires
approximately 14 hours for cempletion. Under such circumstances, the
manufacturer would have to wait two days before knowing whether or not
his submission was accepiable.

b. It is also necessary to subject crystal units to the
arrangement of tests shown on 9¢g% 3 of the outline; {See Test No, 3)
in order to more nearly epvroximate actusl service conditions,

c. It is also necessary to group acceptance tests in the
manner shown on page 3 of the outline in order 1o accomplish the
first steps in a logically planned quality contwrol program,

L. It was sgreed that the Vaegh Test {Test Vo, 7, Page 3 of the
outline) could follow the Immersion Test (Test \c &, Page 3 of the
outline), and thereby save from destructive iest the ten additional
crystal units otherwise reguired. It was shown bﬂdt the Wash Test
could not be inciuded in Test No, 3 since the time required to com-
plete the acceptance tests would then prevent finishing tests the
same day as started,

5. The sequence of tests shown on page 3 of the cutline has
one disadvantage in that it is possible to find in any one of the
tests a crystal unit which may be a reject for a reason other than
that for which it was tested., For instance an activity failure
might be found in a group of unite just previcus to Drop Test thereby
causing room for disagresement as to whether or not it should be counted
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a reject for the particular test.

6. The sequence of acceptance tests was revised as shown on
page 4 of the outline tc eliminate the above described condition.
Under this sequence, the entire acceptance lot is first subjected
to mechanical inspection and room temperature test to eliminate
chance rejects from occurring in later tests. It was pointed out
by some representatives that the present method now used in some
plants requires a replacement crystal to be selected when a crystal
unit is found defective under test, when such defect is not a result
of the test itself,

7. Discussion pertaining %o sequence of tests was suspended
at this point since further time could net be devoted to this item,
However, it was decided that the final decisioms and conclusions
would be forwarded to the manufacturers concerned.

8. The individusl acceptance tests were then taken up in
the order listed in the outline,

9., Mechanical and Visual Inspection as covered on page 5 of
the outline was discussed first.

8. It was pointed out ®y representatives present that
in addition to the defects listed in the cutline, that defects
listed under Pins should alsc include *flats*" and "poor plating*",

and "gate removalx*",

b. It was alsc pointed out that the crystal holder
dimensions shown in Figure 1 of the A W.5. Specification should
be corrected to agree with vrevicus 3ignsl Corps Drawings SC-B=
5999-A and B since these drawings were the basis under which the
present CR=1 phenolic holder was designed. It was agreed that a
deviation would be allowed in this respect.

¢. Representatives present were informed that defect
standards for external and internal inspection of crystal units
would be set up in each contractors plant as rapidly as possible
in order to achieve uniformity of imspection in each individual
plant as well as between the various contractor's plants.

10, Spurious Frequency Test covered on page 5 of the outline
was discussed at some length, and it was generally agreed that the
present form of test for spuricus frequencies was somewhat inaccurate
and not adequate for the purpose, Further investigation will be
conducted by Aircraft Radio Laworatory and the manufacturers in an
effort to develop a definite and adequate test for the purpose, 1In
the meantime, the requirement will still be left in the specification
and the present test now in use will be continued, but rejection of

*See footnote on Page 5 of atiached outline,
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submissions will not be made by the

mal Corps Inspector on this basis,

11, Drop Test, Vibration Test, Seal Test, and Internal Inspection
were discussed in the order listed on pages 6 and 7 of the outline.

8. In the peneral discusgion of these tests, information
was requested as to whether or not a sontrolled temperature box could
be used in the verformance of the Drop and Vibration Tests. It was
agreed that temperature boxes could be used for the purpose provided
that the use of such equipment did m@%\ﬂw jously delay the completion
of tests in the required time., Attentior also called to the fact
that the proposed method of handling ,mb tests, as covered in the oute-
line, eliminated for thes moet part Muy-quﬁgﬁimﬁable rejects caused by
temperature variastion,

b. In relation to Pars
erratic changes in activity due
be caused by dirty electrodes a
instances of this sort have ocour
and placed into holders without

L was nointed out that
raticn test might also

. Apparsntly several
rodes have been lapped
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12,
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immersion test had caused a lowering of frequency in some Crystal Units
FT=243 placed under test in his plant although such effect was not
noticed in Crystal Units CR-1 ()/AR made at the same time, Since the
phenolic of the FT-243 unit was apparently at fault, it was suggested
that this condition be referred to the Camp Coles Signal Laboratory
for final comment,

b. It was also pointed out that high humidity conditions
were causing some difficulty in temperature runs at one plant, result-
ing in some good crystals appearing as rejects. This condition, ac-
cording to the manufacturer, was due to moisture absorption by the
various phenolic insulators used in the temperature box, Silica jell
as well as various other means had been tried to remedy this condition
with no great success., According to the manufacturer, continuous
temperature run recordings of rejects obtained under the above condi-
tions showed that most of the reject units were good, The manufacturer
suggested that all Signal Corps temperature run rejects be subjected
to additional continuous temperature run tests in order to definitely
determine the exact condition of such units, It was suggested by
Aircraft Radio Laboratory that the manufacturer use better electrical
insulating materials in the temperature boxes as a means of minimizing
such conditions., The use of continuous temperature run equipment as
a final check was taken under consideration, though it was pointed out
that the use of such a test would extend Signal Corps tests way beyond
the time requirements allowed, Further investigation of this condition
will be carried out by Aircraft FKadio Laboratory before a final deci-
sion is reached.

14. At the conclusion of the conference, it was decided that
since the time allotted was insufficient to thoroughly discuss the
various problems covered in the outline that Aircraft Kadio Laboratory
would forward at a later date to the CR-1l and DC-1l manufacturers con=
cerned an analysis of the final decisions and conclusions obtained.
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FAREWELL AND ADJOURN
COLONEL LESTER J. HARRIS
DIRECTOR, SCIA

THE CHAIRMAN: I would like for just a few minutes to ask Major
Swinnerton to say a few words before we adjourn.

MAJOR SWINNERTON: Thank you, Colonel Harris. I have three things
I want to say and I will try and say them briefly. You haven't had much
pressure from any direction that I am aware of on the conservation of raw
material., That is, quartz., You are going to get some shortly.

The second thing is that the Crystal Section of the Office of the
Chief Signal Officer is proposing to issue, I hope within the next thir-
ty days or sooner, if it can be done, a supplement to the manual on the
subject of etching to frequency.

The third thing I have in mind is to voice the appreciation of
the Office of the Chief Signal Officer and the Quartz Crystal Section
to the Inspection Agency, and that means you, Colonel Harris, and all
of the assembled manufacturers here. We wish to express our apprecia-
tion of the cooperation that has gone into making this conference
possible, (Applause)

THE CHAIRMAN: It has been a swell time., Ve have had a lot of fun,
We have done a lot of things and you anticipated the roll call this
morning and you didn't get it and you were disappointed. All we did
was hang that over your heads. If you weren't here, you were to be
marked absent. That was all there was to it. All of you were here,
including myself and it was bad, because I missed my breakfast. I
didn't have a thing until noon., That wasn't good.

I hope you will all go back feeling like it has been a wonderful
thing and the success, if there is a success, I think, was due to the
work of Mr., Wavering, (Applause) Mr, Sauer, (Applause) Miss Hooker,
(Applause) Lieutenant Rittenhouse, (Applause) and all the rest of them.
A11 T did was to read what they told me to, I had a swell time doing
it and let's work together and let's cooperate and let's get the job
done,

... The meeting adjourned at four forty o'clock ...
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OUTLINE USED IN GROUP DISCUSSION OF
CR-1 ( )/AR AND DC-11-{ ) CRYSTALS

1. QOrgenizstions to _be represented,

Crystal Mamufacturers, Crystal Units DC~11 and CR-1 ()/AR.

8
b. Dayton Signal Corps Procurement District.
£o Aircraft Radio Laboratory.

d. Signal Corps Inspection Agency.

2. Purpose of Conference,

The purpose of this conference is to hold an open discussion
concerning contractusl relaticaships, inspection problems and Signal
Corps Acceptance Tests perfermed under the 4. W.5. Specification 075,11 -

1944.
3. Object
The object of this conference is to obtaln uniformity of test,
uniformity of produaa ard improved quality control for Crystal Units
CR-1 ()/AR and DC-11 {},

4. Schedule

isls P M. = 12458 PN, DSCFD

Open discussion of gensral contractval me i& rs and gpeciflic
problems relating to prime snd subconitractor's responsibilities,

1e 45 PM, = 2:15 P.M,, Signel Corps Insvection Apency

Open discussion of Signal Covps inspecilon methods, quality
control program and problems relating to inspection,

2:15 PN, = £:00 P M, Aireraft Radio Leboratory

Open discussion of Signal Corps Acceptance Tests performed
under the A W.5, Spacification C75.11 - 1244,

4300 BN, = £330 PN,

Open discussion.

NOTES

o~

1. Respongibilities of Signel Corvs Organizetions Participating
in Conference,

a. The Dayton Signal Corps Procurement District is responsible
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Outline Used in Group Discussicn (Continued)

for issuing contracts for erystal units for the Army Air Forces and for
passing final approvals on any technical or other changes in the con-
tract which might affect the cost of the units or which might cause de~
lay in delivery.

». The Aircraft Radio Laboratory is responsible for setiing
up the technical requirements and specifications necessary to meet the
military characteristics requested by the Army Air Forces., Qther func-
tions include conducting pilot runs, development and investigations of
manufacturers?® requests for technical devietions.

¢. The Signal Corps Inspection hgency and its Zones are
responsible for testing the production crysial units and for the main-
tenance of the quality level required by the specification as well as
the quality levels and requirements established during the pilot run.

2. Problems pertaining to Signal Corps Acceptance Tests for
Crystal Units CR~1 ()/AR, and position of Aircraft Radio Laboratory
in respect to such tests,

8. Adrcraft Radic Laborstory is endeavoring to obtain a good
production crystal unit of the CR-1 {)/AR type which can be subjected
to quality control mathods #f inspecition by the use of accurate sampling
procedures, To atiain sach an end, it is necessary that the production
crystal units be of uniform quality and that the tests be of a uniform
nature. The confersnce discussion is intended to provide for an exchange
of ideas between the 3ignal Corps and the Conmtractors as well as between
the Contractors themseives relative to the improvement of manufacturing
-methods, inecreasing the accuracy of acceptance tests and medification of
present tests as based on experience with the AW.5, specification in
plants to date.

b, In order to gxpedite the progress of the conference, since
the time allotted iam short, the Alrcraft Radio Laboratory has outlined
below a deseription of the verious acceptance tests, difficulties ex-
perienced in tests, snd corrective measures proposed. It is desired that
the contractors and memuifacturers consider carefully these proposals
since comments and questiomns will be solicited during the conference,

c. The desirability of manmufacturers offering sound construc-
tive criticismes cannot be emphasized too strongly. Such comments and
criticisms by the mamifacturers and the Signal Corps will materiglly
aid and assist in the formulation of satisfactory acceptance tests during
the short time available,
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PROPOSED ACCEPTANCE TESTS FOR CRYSTAL UNIT CR-1 ( )/AR

Lot Submitted
For Acceptance
1000 Units

30 Units
Misc, Fregs.

30 Units
Single Freq.,

10 Units
Misc, Fregs.

10 Units
Misc, Fregs,

Sample No., 1 Sample No, 2 Sample No. 3 Sample No. 4
Test Eo. 1 Test No, 4 Test No. 6 Test No, 7
Mechanical Full Load at Immersion 'ash Test
Inspection Room Temp.

Redord and Record and Record
Replace Replace Defectives
Defectives Defectives
Test yo, 2 Test No. 5
Spurious Temp. Run
Frequency a. Frequency
b, Starting

| c. Activity

Record and l
Replace Record
Defectives Defectives NOTE: Defectives are recorded

for besic tests Nos. 1 to 6

Tespgyo. 3 and allowable number of

failures are specified for

a. Drop each bgsic test

», Vibration ¢

c., Seal

d. Internal

Inspection

Record

Defectives



LOT SUBMITTED
FOR ACCEPTANCE
1000 UNITS

Lot Sample = 70 Units

Test No, 1

MECHANICAL
INSPECTION

Test No. 2

RCOM TEMPERATURE
TEST

(2) Frequency
(b) Activity
{(¢) Starting

¥

Record and Replace

Defectives
30 Units 40 Units
g

Misc. Fregs. Single Freg.

10 Units
Misc., Fregs.

Test No, 3 Test No. 5 Test No, 7
2 2. ]
SPURIOUS FULL LOAD AT THMERS TON
FREQUENCY ROOM TEMPERATURE
Kecord and Record and
Replace Replace Record
Defectives Refectives Defectives
Test yoo 4 Test gog é Test No., 8
a
(a) Drop TEMPERATURE RUN
(b) Vibration )
(e) Seal (a) Frequency P
(d) Internal (b) Starting TASH TBST
Inspection (¢) Activity
T I |
Recerd Record Record
Defectives Defectives Defectives

- f
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Outline Used in Group Discussion (Continued)

INSPECTION DETAILS

1. Mechanical and Visual Inspection (External inspection of crys=-
tal unit)

8. This test as now performed under the American War Standards
Specification C75.11 = 1944 is unsatisfactory in that inspection is subject
to varying opinion judgments by the Signal Corps Inspectors. This results
in non-uniformity of inspection between plants and between inspection zones,

b. To correct the above condition, it is proposed that models
of representative defect standards be established, Sufficient models of
each type of defect will be selected to establish a graduated range of bad,
borderline, and good units, These models will be photographed and used as
a basis for setting up other similar models in the various plants during
the pilot run,

c. Defects to be considered under Mechanical and Visual In-
spection are as follows:

Pins:
Bent, loose, corroded*, out of tolerance

Case:
Warped*, cracked, chipped*, porous*, blistered*, out
of tolerance.

Gaskets:
Undersize*, oversize*, torn¥*,

Nomenclature and Frequency Marking:
Illegible*, Incorrect, Incomplete, poor protective
coating over marking,

Screws:
Corroded*, loose or missing, badly burred*, screw wells
not sealed¥,

d. One test failure will be allowed for each type of defect
found in the thirty units inspected, Two test failures of the same type
will reject the lot.

2. Spurious Frequency Test:

a. It has been the experience of Aircraft Radio Laboratory
that the test for spurious frequencies in crystal units is not an ade-
quate test for the purpose. Present methods of testing have inherent
difficulties in that the test may or may not repeat depending on the

*Models will be selected for those defects marked with an *,
Defects not so marked are self=-evident,



Outline Used in Group Discussion (Continued)

particular temperature at the time. Investigation will be carried on

to determine whether or not an accurate and definite test can be devel-
oped for the purpose, In the meantime, the test will be carried on in
the normal manner by Signal Corps inspection personnel, The results of
the spurious frequency tests will be forwarded to Aircraft Radio Labora-
tory, and where conditions indicate that a manufacturer is not doing a
good job, investigation will be made by this Laboratory.

b. Comments are invited from manufacturers as to causes of
failure and corrective action normally instituted or carried out in
plant procedure,

3. Drop Test
Vibration Test

Seal Test
Internal Inspection

8. It has been found desirable to consider drop test; vibra-
tion test, seal test, and internal inspection as a group test since the
results of such tests bear a definite relationship to each other. The
test will be made on thirty (30) crystal units of which not less than
ten will be cpened for internal inspection,

b. Present methods of running the drop test and vibration
test provide resulis which are ncot always uniform due to the fact that
some crystal units exhibit room temperature sctivity dips which may
cause either sharp or slow changes in activity well in excess of ten
percent of the initial value,

c. It is proposed that the drop and vibration test be made
in the following manner:

{1) Cull out all crystal units which obviously exhibit
unstable activity value at room temperature, and replace with stable
units to obtain test group of thirty (30) units. DMeasure the frequency
and activity of the unlits, run drop test and vibration tesi, record
activity and frequency in each case, and mark crystal units, having
changes in activity and frequency in excess of ten {10) percent and
002 percent respectively,

(2) Open marked crystals after seal test and if any
units contain the following defects, it shall be recorded as a defi-
nite drop test or vibration test failure:

(a) Air gap less than 0003 inches.
(b) Spring pressure less than 2% lbs.

(¢) Foreign material in holder cavity or between
electrodes*

*Reference defect standards will be established,

-6 =
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Outline Used in Group Discussion {Continued)

(d) Poor electrodes*

(e) Oscillator plate undersize, oversize, having
chipped or rcunded corners, or badly out of
square¥

(3) Two rejects will be sllowed for drop test and vibra=-
tion test combined,

d. Seal test will be made by ionization er water immersion
method until sufficient ionizetion squipment is avaeilsble; after which
all seal tests will be made by the ionization method. The test will
be made on thirty (30} crystal units and one test failure will be allowed.

e, Internal inspecition has not been satisfactory when left
on an opinion basis, Therefore, defect standards will also be set up
for this inspection in the same manner as for the externsl inspection of
the holder. One test failure of each type will be allowed. The minimum
sample will be ien units although more may be taken if drop and vibration
test cull out more than ten units. Defects are listed below:

torn¥, improperly mounted,

interior of Cames
Containg obtwic

looge or foreign

plates, corrcded cont

molsture, oil or wex®, conteins

prrticles®, loose or broken contact

nlates,
Chage or Interior Fitiiones
Broken or cracked, porcus¥®, rough edge
solled®, electrodes bind or chage binds in o

o

ty = 1mproper

ize or oversize¥*, fractured*; forelgn meterial
on plate including pencil m&rﬁgw raug} edges, edge chips or
scratches®*, excessively heveled edges®, corner chips not
rounded,

ﬁ.
;_a

Llectrodess
Insufficient air gep, poor lands¥*, corroded®,

f. Under the sbove group test of drop, vibration, sesl and ine
ternal inspection not more than iwe test failures will be permitted for
op and v ation test combined, not more than one test feilure for sea
drop and vibrati 4 mbi s not t teet feil b 1
8 10t more than one test failure of any one pe undsr internal
test, and not more than one test failu f any tyy nd nternal
inspection,

**Will not be caunse for inspection reject where siching reguirements are
under effect, Oignal Corps imspector will record dala and forward to
Aircraft Radie Laboratory for any necessary action,

* Reference defect standards will bs established,


http:fractured.1i
http:inspecti.on
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4o Full Load Test:

8. Present full load test under A.W.S, Specification C75.11 =
194/ does not provide adequate test conditions for crystal units having
frequencies over 7.8 megacycles as related to the equipment in which the
crystal unit must operate.,

b. It is proposed to run an overload test at room temperature
based on increasing the voltage across a crystal unit in the Standard
Signal Corps Test Set AN/TSM-1 by 20 percent (based on the low coil)
over that obtained by the same crystal unit oscillating at peak activity
in the same test set. Test will be made on crystal units of every fre-
quency manufactured.

€. Thirty crystal units will be tested and one test failure
will be allowed.

5. Temperature Run (Activity, Freguency, Starting)

8. The initial results obtained on early pilot runs under
acceptance test temperature runs based on the A,%,S. Specification
C75,11 = 1944 was highly unsatisfactory to both the manufactuers and
the Signal Corps. Since that time the corrective action taken by
most manufacturers has broughtquality level to an acceptable value,
Corrective action found necessary at the time included the following:

(1) Improved temperature correlation of temperature
boxes and continued maintenance of such correlation with especial
reference to temperature and points,

(2) Improved activity and frequency correlation of
oscillator circuits and continued maintenance of such correlation,

(3) More uniform operation of temperature boxes by
supervision of operators and by use of automatic reject mechanisms.

(4) Setting manufacturing levels for frequency and
activity to values sufficient to insure acceptance in Signal Corps
tests,

b. Other factors which have been, or which might be re-
sponsible for rejecting good crystals or passing bad crystals during
a temperature run are as follows:

(1) Non-stable oscillator due to tubes or components,

(2) Sticky activity meter,

(3) Poor voltage regulation tubes in temperature
test oscillator.

(4) Unstable crystal standard in temperature test

- 8 -
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oscillator or crystal standard not warmed up sufficiently before tem-
perature run,

(5) Production crystal units under test having some drop
test or vibration test failures present. Vibration of crystal on tem=
perature wheel may cause activity or freguency failure during tempera-
ture run,

(6) Bad humidity conditions in temperature box and use
of insulating material having high moisture absorption properties,

(7) Poor contact resistance at temperature box contacts
or variation of contact resistance,

(8) Use of altitude test immediately vprior to tempera=-
ture test.

(9) Variation in activity and frequency readings due to
poor line voltage regulation in plant and due sometimes to merely
switching heat "off" and "on" in temperature box.

(10} Non-eteched or only slightly etched crystal units
are apt to exhibit activity and frequency chanpges during the tempera-
ture run,

{11) Production crystal units which contain drop test
failures may change thelr activity between production test and accept-
ance test due to normal handling in plant,

go It is vroposed that acceptance test for temperature run
allow two test failures in each groupn of thirty (30) units tested per
one thousand (1,000) unit let,

(1) Under the acceptance test two of the thirty (30)
units under temperature test may fall as low as .20 ma for frequencies
below 7.8 me¢ (.18 ma for frequencies sbove 7.8 mec) and the remaining
twenty-eight (28) erystal units may fall as low as .25 ma for fre=
quencies below 7.8 me (.20 ma for frequencies above 7.8 mc). Any that
fall below the above requirements shall require rejection aznd retest
of the submitted lot.

(2) Under the accestance test two of the thirty (30)
units under temperature test may exceed frecuency tolerance by two
hundred (200) c,p.s. The remaining twenty-eight (28) crystal units
shall not exceed the tolerance limits. Any that exceed the above re-
quirements shall reguire rejection and retest of the lot,

d. Acceptance tests will be made using a tuned plate oscil-
lator, correlated equivalent to Standard Crystal Test Set AN/TSM-l,
for the temperature test., Measurements of both activity and frequency
will be made at half activity,
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6. Immersion Test:

8. The immersion test as set up in the A.W.S. Specification
is inherently a destructive test, that is, it results in a crystal holder
which is no longer usable, The test also results in damage to the no=
menclature, Pilot run data also shows that frequency and activity readings
are apparently of no value in this test,

b. It is, therefore, proposed that only ten units per one
thousand (1 000) unit lot be selected for this test and that no require-
ments be established as to adherence of nomenclature under these condi-
tions, Test requirements will be based on a resistance measurement entire-
ly.

€. One test failure will be allowed in each ten (10) units
tests. A failure is defined as any unit in which the resistance drops
below two hundred (200) megshons.

7. Cleaning Tests

8. The cleaning test as now covered in the A,W.S, Specifica-
tion C75,11 = 1944 will apply. The frequency increase of the crystal
unit after subjection to the cleaning test shall not exceed ,008% of
its nominal or rated frequency,

b. None of these units will be subjected to internal inspec-
tion.

awlOw









