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Construction of glass-holder sealicg equipmen: is umder
vay.
Tentative quartz resonator deslgns have beon partially

evaluated, and appesr to be satisfactory.
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This progrem is atmed et establishing a praducticm reures
capable of mase producing a semi-precisior quarts ciystal uaitc im
in #0 evacuated glass holdex. Tha signiffzance of glecs and vae-

uus on long teym nliabiluy ard aging cheracter sizcs hap hesn

. proven in previcus Signal Corps R & D. Coatrsct:.

When atterpting to nmanufaciuvre s scml-precision civstal unit,
several itams st be considered aud resp) raised in the lighe
of generally tighter perforwsence 'olevencez. Th 3 re:ppraisal
geaerally ‘esds to tiltenieg of vavufacty vieg coatyels 2od
tolerances Conventismal methods of quart: crievtuticn, saw-
ing. dicing, dimennioning, #nd lappiang will be uvied o edtaln

& suitable quartz plate. In order to obtiin a satizfectory
yield, “with a minimm of shrinkaje withot: resort hg io scrazn-
ing," a double diffravtion X-xay vill be tasd to sclect 3lates
vithin one minute of arc. Tighte comive: st X-var vill peces-
sitate tighter telerances in the preliminr:y oricniation and sawing

opaxations

Finish lapping operat:cns, esiching, and claning prucessass will
of recessity be reviewed and refined an nccessary o produce 2
suitsble quartr plate for proper .dhesion snd stibility of tha

setel alecivodes.
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The chanien of sealiay the jlaes, < ilzanut 8 :rveqiercy shift

o7 other damaging afrcc ¢tfects, wiil denzad w refal study

ané effort, Tae importinee of the saiifng epa atlm s mnifold:
Accapteble unize will 5 expec ed Un jlw: an x eelient yicld threugh
final teating 1€ proder cave s ORPITASQGE Nn , Lavic - DD of
fabrication. {naccep erle uni:p ei.1:8 inprd 2v ce..8 or €eilure
to meet electrical) specificstoms, 111 vequiz: dettraction ¢£ the
holder in order to sa’vage and vouss cvaertz plitea. It (s artici-

peted that meating tac ifzequet:y tol:iacce st che re:iing oyeration

will b the ncst sericie pleblmm 20 (rewcong,




HARRATIVE AND DATA

‘Work was continued during the second quarter of tle project,
on the construction of & sealing tool for HC-27/U holders, and on
the evaluation of various quarte ruonatox; designs. Nefther task hes
yet besn completed.

Construction of the single hesd sezling tool was celayed, in
part, by saveral errors in the drawings for the base of the sealing
chaxber. Because of the need for rework in a shep cutcidse of our plent,
a delay of several weeks fosulted. Inasmich 23 we have never sealed
the BC~27/0 holder we feel it most important to eliminnte the obvious
areas of trouble in the beginning; also, very tight deninsional
tolerances require more time than usual in the machining of the several
parts of the fixutre. An in-plant model shop is nearing completion,
and it is expected that machine work and assembly of tooling will prcgress
more rapidly in the future.

An v-f power generator of 1.0 KVA capacity has been procured from
Induction Heating Corporation, Brooklyn, New York, An inductiom ceil,
to be used for inducing the hesting currents in the metal strip betwesn
the glass base and bulb parts of the crystsl holder has been designed.

A vacuum pump system, with associated valves and coutrols, has been
assembled ss part of the glass-sealing tool.

Saveral lots of overtone quarts resonators have heen designed,
febricated, and partially tested. Since the glass-seaiing tool has
aet been completed, the rescustors have besn mounted in nitrogen-filled HC-6/U
holders with tab-clip supports. Messurements of resonant resistance and
motisnal capacitsnce indicate thet the Q requiremsnts vwill be satisfied
witheut difficulty.



1o order tc calculate the resonin. ros.2rivee o 4
in a vacuurm from a konowledge of theisr 1=2o0 rfomue
reference vas made to an apalysis by Robarta . o
error was discovered inm the apalys:s, «hi ', whee
more accuriate forvala for predi-ting the >Jioch of
upon the rasonant resistance
loading upim ome eide of the glate oalv. e 1w
multiplying the right haad side of tae ¢ .-wsohele
two. The resvlts of :ests on fabricatad cusoraio:
data, are given in Table [ through .

Som: difficulty has been exveriinc~d iv t1g
used for semple resomatoxs, cod appecrs o have

Tyy wethoo wid~h ao-

electronic instrumentation.
frequency cf the crystal beimg plated :mulves tae
the frequercy of 8 speciai low~drive-leve! oscunlia

crystal beirg plated.

frequency reter 18 supposed to oot inucucy noai.s

between the frequency of the (uw-drive-lsocel aa; .-

pre-adjusrec standerd-frequency cscilico | S
cases, the frequency meter if v2ssomdivg to (he 2
filtered di fference frequemcy fiow the miies Pan
has been mccéified, and the diffic.it vz ved, oo
vhile monitoring the crystal frogiedey --f: ag oo -
counter. A schematic diagram of the low-(iova s
in Figure 1

amls Ll

The FF1 I8-330/TSM sdaptor Ls: ver

sets and indicstions are it will zericrm .0 axpect
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Is uced with crystal uniis vequiring regular 30988 drive Lovels (ad ptor
ewitched out), ihe test eset drive contvel must ba Loracd nzarly Full on
and the frequency goes upward, ia come croses reoquiviag sultching band
gselector switch to next higher pesition,

There is also some indicetior oi seveve drift of frequency aund (vt
level through ar eipght hour dzy. An investipgation of these phencmoron rovcaled
lov mutual conductance in the 0ALl6 tudbe which had ao effest on perfrmone
before imstallation cf the adapter.

Test results on some crystal units fabricsted in the higher frccuoncy
ranges werc unfavorable. Resistances were high and T-C curve turnmover
point was well below that specified im SCS 120. Additional upivs, with
modifications, have becn ordered from ssv depextment. Midland naintoeias
& rough blank inventory st lap, but in the case of the C2-(IM-44) /0, the
high angle and thickness requirements ave out of linme with our general
Tun of crystal units, A change in the orientation angle neceggitotes
going to the saw department and startiag with a rcew stome.

A complete bill of materials for the CR-(XM-44) 'U was not speci-
fied by the contracting agency, and none has been established here as
yet. The following parts have been procured for evaluation:

Buldb & Base, HC-27/U. 200 pcs. each from Phillips of Caunada

Bulb & Base, HC-27/U 25 pcs. each from Masdea Co., Inc.

Tab clips, Stainless steel. 500 pcs. from Kay Electronics

1sochemduct 3.5 Epoxy recin cement with #6 special epoxy hardener
(S8ample quantity for evaluation)

Pyro-Caram, #95 high temperature cement from Corning Glass Co.




The mechanics of sealiag the glass, vithout & frequency shift

or other damaging after effectn, wil' demand cureful study

and effort, The iwportiance of the scaling opaation is manifold:
Accapteble units will bs expected o 3ive an ancellent yield through
final testing 1if proper cave was exercised in i eavious steps of
fabrication. Unacceptable uniie, efiiher impro.er seals or failure
to meet electriecsl specifications, will requir: dsstruction ¢f the
holder in order to saivege and reuss quarts plates. It is antici-
pated that sesting tiw frequency tolsrance at the sealing operestion

will be the moet sericvs problam to cvercoms.




‘Work was cootimusd during the seecond quarter of the preject,
on the ecomstruction of & sealing teol for NC-27/U holders, asd on
the evaluation of various quarts mw designs. Neither task has
yoiboumloul.

Construction of the single head sealing tool wes delayed, in
pct.bylﬂudmshﬂndrutmﬁu.thbmofﬂumm
chasber. Because of the need for rework in a shop outside of our pleat,
o dalay of several wesks resulted. Isasmuch as we have sever sealed
the HC~27/0 holder we fesl it most important to eliminate the ocbvious
avess of troubls in the begimming; also, very tight deminsiomal
tolerances require more time thas usual in the mechining of the ssveral
pares of the fixutze. An in-plant madel shop is nearing sompletiim,
and it is expected that mechine work and assembly of tooling will progress
mere vapidly in the future.

Mn z-2 powes gamexater of 1.0 VA capacity has besn procured frem
Industion Nosting Cevperation, Brwekiyn, New Yerk, an imdustion oeil,
to be used for indusing the heating curreats in the matal strip betwesan
the gless base and bulb parts of the crystal helder hae besn designed.
A*mmuﬁ&%n&mdm.um
asembled as pert of the glass-sealing toel.

Soversl lets of overtons quarts rescustors have bess designed,
20t doen eusplesed, the Fesemsters hove bess mevated i nitrogen-filled K-6/8
moticnsl capesttonse infleote Chot the Q Toquiremsats vill bo setiafied

AR e A % A T 1o




In order to calculate the resonant resistonce af ti-e crysisi yesonators
in a vacuum from a knowledge of their resimtance i: air o7 aitrogen,
reference was made to an analysis by Roberts , In.erestingly. a mimor
error was discovered in the analysis, which, vhen correctad, ;ives o
more accurate formula for predicting the effect of stmospaeri: loading
upon the resonsnt resistance. fRobert's formula accowats for .he visccun
loading upon one side of the plate only, and his formsles is :urrccted oy
multiplying the right hand side of the etwosphere resistaace Zormula by
two. The results of tests on fabricated resonators, together with desipn
data, are given in Table 1. through V.

Some difficulty has been experienced irn the fioish-plating oparstion
used for semple resonators, and appears tc have resulted :from insdaqua:e
electronic instrumentation. The methoc which waa :sed t3 miit: the
frequency of the crystsl being plated involves the converaisn to gero of
the frequency of a special low-drive-level oscillator coatrolied by the
crystal being plated. In sccordance with conventisnak shop mactice, a
frequency meter 18 supposed to continucusly monitos the difference
betwean the frequency of the low-drive-level osciliator and that of a
pre-adjusted standerd-frequency oscillator It apyears tha:, in some
cases, the frequency meter is vesponding to the secord harmonic cf the va-
filtered difference frequency from the mixer The finish-piatiag equioment
has been modified, and the difficulty remved, by rlating vare slowly
shile monitoring the crystal frequency with an ele:tranic digitsl freqiency
counter. A schematic diagram of the low-~drive-level oscillator is show

in Pigure 1.

The RFL I8-330/TSM sdaptor has beer ianstellzd in oae of our test

sats and indicstions are it will perform as espected. Whon the test sot
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Is used with crystal units requiring regular 30988 drive levels (adaptor
owitched out), the test set drive comtrol must be turned nearly full on
and the frequency goes upward, in some cases requiring switching band
selector switch to next higher positionm.

There is also some indication of savere drift of frequency and dzive »
level through an eight hour day. An investigation of these phenomonon ravesled
low mutual conductance in the 6AH6 tube vhich had no effect on performance
before imnstallation of the adapter.

Test results on soma crystal units fabricsted in the higher frequoncy
ranges were unfavorsble. Rasistances were high and T-C curve turmover
point was well below that specified in S5CS 120. Additional units, with
modifications, have been ordered from saw department. Midland maintaios
e rough blank inventory at lap, but in the case of the CR-(XM-44)/U, the
high angle and thickness requirsments axe out of line with our general
run of crystal units., A chamgs in the orientation angle necessitates |
going to the sav department and starting with a nev stone.

A complete bill of materisls for the CR-(XM-44) /U was not speci-~
fied by the contracting agency, and none bas been establishad hare as
yot. The following parts have been procured for evaluation:

Buld & Resa, HC-27/U. 200 pcs. each from Fhillips of Canada

Buldb & Base, NC-27/0 25 pces. each from Mssden Co., Inc.

Tad clips, Stainless stesl. 500 pce. from Kay Electromice

Isochamduct 3.5 Bpoxy resin cement with #6 special epoxy hardever
(Semple quantity for evalustion)

Pyro-Coaram, #93 high temperature cement from Coraing Glass Co.




#1, Roberts, B.A., Atsospheric Loading Effects on AY crystals.
Semi-anmval reporxt, contract DA-36-5C-71061, Uniom Thermo.
electric Corporation, 1 July te 24 Decacber 1956, pp. 38-47.
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Data collected on quariz rescnator desirves irdicate ghe sneszificetierr
'Y "~ 3

cen be met. Creater difficulty, than wlat was at £ir:t eupactsd,

surrounds the corstruvstion of the sealiry oechine,

Acv ectinated 5% of the overall progcess has baen aceo: plished ir the

asceond quarter.
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AH N NTERYA
Establish a sealing technique and test seals fcr corforirance to 5C3-
120. Uf successful englincering sarples will bc made and subnitted
as per comtract.
(
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Desigo and Psrformance Dats

-

dxd ixeveone Resouargrs

e R b o W s akea ks

o e e

- LOT WO. k24 L
¢ PLATZ DIA. 0,550in__ ___ BLECTREDE DIA  _©400in . ANMJE 3¢ 2%
JATTOUR & dicpcer Plono - convex LEVEL Hom:x i aeea —
LOAD CAPACITANCE 50 pf
o xG | RESONANT (Fr) |AMTIRESGMAMT (¥a) | EESONAWY T smme
i e | FREQUENCY (mc) [FREQUENCY _ (we) | RESISTAWE (oiw) [Fa-Fr (P8} camicliucs (10
| 5.008885 5 008913 _ 260 2 | a6
x  |5.005123 5 005152 139 29 L se
1 |s.006650 5.006677 1 R
6| 5.00137 5.007164 ~ I L R Y
2. ...} 3000607 . _5.008636 SUUUNS SUUR |5 S S - SUUS DUS. L A
e 5.002645 5.002473 N , R | i I s
t 5.006768 | 5.006797 IR t __ggm_é A .
8 |s.o0s080 | 5.009104 173 I b4 B
KN 5.002328 5.002357 199 ' 29 | 4.6
10 5.009483 5.009511 w28 | 4.4
1 5.007076 5.007124 119 | 28 . 4.4
e 5,003250 5.003278 16) ___ 28 4.4 )
13 5.003760 5.003789 120 | s a4 .
ik 5.006757 5.006785 132 8 4.4
15 5.005922 5.005952 1 1) 1 30 4.4 L
16 5.005800 5.003826 | e 1 26 | 4.6 )
17 5.002479 5.002507 .. 4.4
- 2 5.006088 5.006119 230 . L n “h
19 5.009363 5.009392 99 29 8.4




2 7.007703 7.007848 110 145 5.5

3 7.00769% 7.007839 120 145 5.5

& 7.015886 7.016032 120 m 5.5

5 7.012408 7.012559 100 151 5.8

6 7.010536 7.010704 180 168 5.5

_,27 7.013073 7.013220 140 147 5.5

3 7.018160 7.018315 100 155 s.8

9 7.009467 7.009614 100 W7 5.5

10 7.013203 7.013348 80 145 s.5

11 7.018136 7.018290 90 156 5.5

2 7.016918 7.017070 70 152 5.8

8 | 1.013633 7.013788 120 153 5.5

1) 7.013513 7.015669 100 154 .5

15 7.012728 7.012878 80 150 5.5

16 7.019286 7.019431 M0 145 5.5
—

W‘
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Design snd Porforwance Data - 3Ird Overtons Rescnators

. LOTRO. M2 A2
L PLATE DIA. _0,330in ELECTRODE DXA. _0.370 in aLe 35° 25
CONTOW _9 Digpter bi-comves BEVEL ___Wous '
LOAD CAPACITANCE 20RR.
RESORANT (Fr) | ANTIRESONANT (Fa) | RESOMANT STATIC
ITEM NO.  |pmBQUENCY (wc) |FREQUERCY  (w) | RESISTANCE fa-fr (cps)} CAPACITANCE (pf)
1 10.082352 10,082652 30 300 6.9
2 10.087014 10.087307 43 293 6.85
3 10.080278 10.080552 40 274 6.55
b 10.078309 10.078580 30 271 6.7
5 10.075037 10.075320 40 283 6.9
6 10.078706 10.078986 35 280 6.85
7 10.081851 10.062136 0 235 6.85
{ 10.068569 10.068837 19 268 6.7
9 10.082980 10.083257 30 277 6.7
10 10.068006 10.068285 27 279 6.9
u 10.090393 10.090674 26 281 .85 :
12 10.057755 10.050025 31 270 6.8
13 10.0812214 10.081499 & 285 6.9
14 10.077651 10.077933 27 282 6.9
15 10.071003 10.071276 27 213 6.8
16 10.004364 LODABAS 28 ast 6.8
17 10.064856 063131 _ 295 6.8
C
TAMS IIX




Design and Pexformence Deta - Jrd Ovartone Resonstors

( LOTN. M2A6
PLATE DIA, _O.448 §n ELECTROOE DIA. 0.300 in ANcLE 335° 24 28°
CONTOUR _§$6 Dicpgexr bi-convex BEVEL None
LOAD CAPACTTANCE . OPF 0

ooy . [HRR ), | armammsouut (o) Tamoominr T STATIC

1 A3.073340 | 15,073935 0! @ 28 a95 6.2

2 15.043862 15.044226 20 362 6.2

3 15,021321 15,021728 22 407 6.3

4 15,036466 15,036852 I 386 6.5

3 15.033574 15,033975 27 401 5.2

6 | 15.004994 | 15.045349 26 355 6.3
_(1 15.044468 15.044840 15 3712 6.4

s 15.034928 15,035299 17 mn 6.3

9 15.043974 15.044298 22 32 6.4

10 15088367 15.048258 20 391 6.2

11. | 15.046990 15.042375 24 385 6.5

1 13.032071 13.032434 26 363 6.3

13 ‘_’""’”‘ 15.042902 18 N 6.3

73 15.039127 15.039521 20 394 6.2

15 15.045223 13.043612 19 389 6.2

) 15.036352 13.096242 3] 390 6.3

B ___|is.ese3so | 15.03063% E) 380 6.3
-—c,

m':.‘: ™




wrw. M247°

PLATE DIA. 0.448 in = ELECTRODS DIA. 0,300 in Az _35° 28° 26t
CONTOUR _Qoe Migrow fimteh BEVEL _ Mowe
LOAD CAPACITANCE _ 30 PF

ITEM w0, |NESGMANT (Fa) | ANTIRESONANT (Fa) | RESONANT PA-Pr (o STATIC |
} | VREQUECY (me) | RESISTANCE (obm) CAPACITANCE (pf)

1 |19.935306 19.935843 19 539 8.1

2 19.940332 19.940902 15 570 8.2

3 [19.963927 19.964522 1 555 8.3

& [19.948767  9.sus3s2 16 590 8.1

s [19.934026 19.934620 " 546 8.3

6 |19.967955 19.968564 10 609 8.2
_( —_Je-veenn 19.951167 1 546 w3

s [19.0613m 19.961953 19 569 8.2

9  |ue.es1077 19.951691 n as 8.2

10 [|19.919377 19.9190406 26 69 8.1

n _ |is.060 19.936974 3 583 8.1

12 |19.970068 19.971416 15 cos g 8.2

13 [19.945020 19. 946465 13 537 5.1

w [ 19.975698 26 597 8.3

15 |19.926066 19.927222 " 556 8.2

1 [19.930497 19.939035 » ss8 8.3
—C
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