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1. These semi-conductors are believed to have been produced for the East
German "Office of Technology" and for the East Germsn HVA. 1 50X1-HUM

b. MCN 1591% - Two high frequency, high-voltage (150 V), miniature
diodes produced as for MCN 15913.

c. MCN 15915 - Two high-frequency, high-voltage (110 V), miniature
diodes produced as for MCH 15913.

d. MCN 15916 - Two high-frequancy, high-voltage (160 V), miniature
diodes produced as for MCN 15913.

e. MCN 15932 - A box received from the field containing 30 devices
which could not be associated with any description. Upon inspec-
tion, it wos determined that the box contained semi-conductors of
six general types as follows: (For equivalent West-German type
designations, see Table I)

(1) Sub-miniature diodes (numbered 1 and 2 for identification
in this report).

(2) small Giodes {numbered 3 through 10 for identification in
this report).

(3) Small, all-glass diodes (nunbered 11 and 12 for idenbtifi-
cation in this report).

e

(4) Flat diodes (numbered 14 through 21 for identifiation in
this report).

ERYI Y

e

(5) Glass-envelope transistors (mumbered T-1,T-4,T-5, and T-13
for identification in this report).
50X1-HUM
(6) Metal-envelope transistors (mmbered T-2,T-3,T-9 and T-12

for identification in +hic renart)
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f. MCH 15933 - One germanium, power tramnsistor, reported to be
a copy of the West German "Tekede, Type CFT 2C06". The pro-
ducers are reported to claim that this is a very high-zower
transistor for D.C. voltage and conversion avvlications, that
it is used to replace mechanical choppers, that it meets all
requirements for cir -. shig-borne applications, and that it
will sustain a 50 percent overload at 50° C without damage or
impairment.

MCN 15934 - Two germanium, power transistors of recent (14arch

1958) development to which it is reported the East Germans

had not yet assigned type designations. It is further reported

that tests at VEB RFT Werk fur Fermmeldwesen, Berlin-Oberschoen- ]
weide show very good ratings. 50X1-HUM ]

+£20X1-HUM

2. items‘ ‘comprising eight germanium, point-con

glass-envelope, double-end, miniature diodes are treated together here 50X1-HUM
because of their structural and electrical similari
cation,the samples will be referred to as follows: ‘

NMCN 1591h4 (diodes C and D), MCN 15915 (diodes E and F) and 50X1-HUM

MCN 15916 (diodes G and H): 50X1-HUM i

Forward and reverse voltage-current characteristics were photo-
graphed on the curve tracer. MNo drift at turn-on was visible in
the forward curves at the sensitivities shown. Diode C shows
somewnat more than usual thermal effect in the forward direction
as evidenced by the fact that the sveeps to 10 ma and 30 ma peak
forward current do not overlap. This diode also shows a greater
thermal effect in its reverse cheracteristic than the remainder
of the group, or for that matter than the miniature Diodes 1

and 2 of MCR 15932 as shown by the hysteresis effect in the
reverse characteristic curve. No drift was observed in the reverse
cheracteristic curves for any of the eight diodes. (See Table II)
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Tne diodes show gocd forward characteristics. The
statement that the pellets ore germenium is based
on the stert of significent corduction at zbcut
0.3 v forward voltage as shown in these curves.
(o enalyses of the pellets have been made.) At
one volt, forward current characteristics in
general are like the miniature diode Fo. 1 of
KCH 15932 and better than Iio. 2. They are as
good as,or better then,the larger point contact
diodes of IMCH 15932, except for the best of those
which is Fo. 6.

In the reverse direction, the characteristics are
also very good. Since these diocdes can be expected
to heve high thersal resistences of about 1.0°C/mw,
the curves were not carried out to a peak inverse
voltage as defined in MIL-specifications for fear
of thermel demzge during these preliminary meesure-
ments. tead a peak permissible power of about

S8 mr was chosen as 2 linit, besed on 2 meximm safe
Junction temperature of 850C.

50X1-HUM

KCH 15914 - (C 2nd D) are reported to have max-
imum volteges of 130 v. At the power limit,
Diode C reached 126 v while Diode D reached
13k v. The pezk inverse voltage of Diode C
s.ould exceed 130 v, but operation should pro-
bably be wrell belicwy this sirce Diode C is
beginning to shcw kysteresis effects while
swept to 126 volis; Ge operation would be core
demarding.

¥CH 15915 - (E and F) are reported %o have mexi-
mm voltages of 11C v. This is easiiy wet by
both diodes. £t 110 v, reverse current is only
lO().:A or less. At the power limit, both diodes
reached 140 v.

KCH 15916 - (G ond H) are repcrted to have max-
irmm volieges of 160 v. At “he power linit,

Diode G reached 140 v, while Dicde Z reached

136 v. FKeitker shows evidence of meintaining

2 pezk inverse voliage of 160 v de. A momenbary
check of Dicde G showed thet 2 reverse current
considerebly in excess of 1.0 me would be reguired
to reach 160 v, with 2 comseguent @issipation of
the order of 2CC tzr. Diode B of MTE 15912 actually
comes closest to being a 180 v dicde.

d. These |:|diodes have better reverse choxacteristics on the
average then the miniature dicdes Iios. 1 and 2 of MCH 15932,
but the maximm voltages at the power liwit for 211 of the 10
miniature diodes f2lls in the ronge from zbout 12C v 4o 140 v,
except for Diode B at 150 v. Scme of the other diodes of FCE
such as Fos. 3,k, and O are commetitive with these.
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The capacitance of Diode A was measured ot a smal’-siznal freg-~
uency of one megacycle at {vo values of reverse voltage bias.
At 0.5 v, the capacitance was 0.L0 ynf, and 2t 25.0 v, it was
0.30 upf. This variation is within the measurement tolcrance
of 0.1 guf. This independence of voltage on tae part of the
capacitance is typical of point contact units where the capaci-
tonce is due primarily to the leads and encapsulation rather
than to the junction. The remaining diodes were measured only
at 0.5 v dc reverse bias and ambient temperature 27.8°C with
the following results:

Item Diode Czpacitance

50X1-HUM

HMCE 15914
MCN 15915
MCN 15916

These diodes may be compered with the JAR-1N12TA (I\EEL-E—l/
i57C), which is of comparable size and peak inverse voltage rat-
ing. This diode is rated at 1C0 v maxirmum reverse voltage, with
a peek inverse voltage of 125 v. All of thes diodes will meet
the P.I.V. rating; some with a few tens of volts to spare. The
forward current of these diodes at 1.C v falls within the speci-
fied range of 3.0 to 25.0 ma, the meessured renge being 7.0 to
1.5 ma. The reverse current specificaton of this JAN type calls
for a roximum of 300 mA at a reverse voltege of 50 v. All eight
of these diodes are far superior to this, even though they were
measured at up to 2.89C above the 25°C tesi temperature of the
specifications. (MIL specifications permit o test temperature
of 25-+ 39C) The poorest diode shows 35 A\ reverse current at

50 v.” Similarly, the specified meximm reverse current ot 10 v
is 25.0xA. The poorect diode shows 5.5 .23, well within the
specification.

As a check on the high frequency capebilities of these devices,
the reverse recovery time was measured. Ir the discussion of
HCN 15932, it is explained that recovery measurcuents were rede
under two sebs of conditions:

(1) At a forward current of 20 me arnd a reverse voltege of 25 v
with a loop resistance of 750 ohms erd,

At 2 forward current of 30 me and 2 reverse voltege of 35 v
with a loop resistance of 25C0 ohms.

(2) TIn case (2) the total reverse current was mezsured
as a function of time while in case.(l) the current
in excess of stexly state was measured. Case (2)
allows direct comparison with the spvecificatbns of
a switching diode of MCN 15932 and is similer %o
commonly used Western conditiors. Case (1) avoids
the difference in results which occur due to Gif-
fering steady-state, reverse-leckage current, ard
separates out the tremsition curreni. It also per-
mits comparison with results obtained eerlier widl
fad mnn}/Jer of USA point-contact diodes.

The results of the recovery measurements, for these eight diodes
are shown in Tebles III and IV. Consiliefing first the conditions
of case (l), these diodes appear to fa;ll in that category of the
miniature diodes of MCN 15932, together wiith the other units of
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SECRET

h. (continucad)
that itew, which comprisc the slower sroup. This group is com-
perable to the poor 10% of 182 USA point-contaoet diodes tested and
reported in 1954. On the other hand, becausc of the very Lood
revesse volteg-current characteristics, the recovery cheracteristics
ncasured under the conditions of case {2) appecr to be a little
better. At 3.5.usec, all of these eight diodes meet tie recuirement
of the VALVO OAST specificctions This is not truc of the slower
group of MCHN 15932. At C.5.usce, one-hzlf of thesc diodes exceed
the meximum current specified by o5 much as 36%. The aversge time
for the diodes to rccover to C 5 me reverse current is 0.76.usec.
This is essentially the seme as the 0.79 usec required for the
slover diodes (Nos. 1 thrcuch G ond 8). A check cn two sample
diodes under the bizs conditions and loop resistence, called for
in the specifications ci the orly JAL computer germeniun diode,
the JAK-1K276, indicates that 2li of these diodes would probebly
meet the JAN specifications Tor recovery.

The semi-~conductors identified as iLii 15822 are discussed in succeeding
svb-paragrephs. The individusl devices and their West-Germen equivelents
erelisted in Toble I.

2. Subministure diodes 1 cnd Z:

(1) Diode Ho. 1 was compared with the VZLYC OASS, specifica-

tions dated 1.2.56. There i% is iisted o5 = sencrcl-purpose;
all-gless germanivum dicde with o peak reverse volioge of
115v. Dimensiomaliy, Kc. 1 ceets the CASS spccifications:
it is cpproximately &uw iong vy 2.5mm C.D. end is skoped like
the 0AGS5. Eo. 1 is a2 Joublie endcd dicde of cll glcss con-
struction, hLermetically sezled ©y o Dumet-to-soft-glcss type
of seal at each end. A% the cathode ernd, & %inned copper
wire is butt welded to the rcd suppcriing the semi-conductor
chip. The glass-metel seals on iio. 1 kove teen sozewhob over-
heated; most of the comper-cicidirs is po lcrger visidle.The
curves ave geonerally typizcal of peint-cemuact types, the
reverse bredk being sharper faon usiel. Lotz from these curves
are tzbulated togethsr with V.70 cheracteristics (onl, zomipel
values, without limits, cre ified for tais type.) lMeasured
values ars close Lo thosz sg d creept 2t the higher reverse
voltage and forward current poin dere the dicde is poorer
than the given velues. FKote, kowever, that where limits are
&iven in the case of sthoer VAIVO fyreos (see Tebie VI) the ratios
of taximm to neoinal to minizwar values woull susgest limits
for the 0A95 rezdily covering the doserved values for Fo. 1
Fo drift of the characteristic curves uas observed
(2) Assuming = thermal resistance of 1°C/mw zrd a roxi-

mm safe junction temperature of 85°C {109C zbove the

specified velue for the OL95), 2 maximum safe dissipa-

tion at 25°C is 58 mw., The reverse curve for 1o. 1

reaches this dissipaticn at 122v, belcre She 107 ok

slope point. 3Brezidowr is zbova this valu

Cver the range of voltege from C.5v %o 25.0v, the capac-
itapce wes constent within the meesurecent tolerance at
an average velue of 0.4%2 wnf. This cheracteristic,tco,
is typical of a point-contact type where tre capacitarce
is due priparily tc emcapsulzticn ard leeds ard so
voliage indevendent. TFor this reescr, ro nlo:

Declassified in Part - Sanitized Copy Approved for Release 50-Yr 2013/12/11 : CIA-RDP81-01043R003300180006-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/12/11 : CIA-RDP81-01043R003300180006-6

S
X

S-E-C-R-E-T

Ro specification for reverse recovery tice is given
for the OA95. However, it was ueasured for Diode No.
1, for comparison with the others and the data are
discussed under Small letal-Ceramic Diodes, for some
of which such measurements were requircd.

SRR ey Ay

LA

This diode may be compared with the JAN-1N127A (MIL-
E-1/157C). In so far as the measurements made are
concerned, and in consideration of dimensions, this
diode will meet this specification. However, certain
ratings for the 1127A exceed those of the 0A95 (e.g.
Kax. B, Max. T). These cannot be checked on a sinpgle
sample under room temperature conditions..The JAN-1HTO
(MIL-E-1/154C) 2nd JAR-1i38B (MIL-E-1/492B) specifica-
tions can be met by measurcments made and those diodes
are rated at lax. T. = T09C which the OA95 is reported
to meet. The OA95 ratings do not quite meet the de
voltage rating of these types (90 v vs 100 v) or the
peck inverse voltage (115 v vs 120 or 125 v) but the
measured sample does meet the peak inverse voltage
requirement. These two JAN types are in a larger case
size than Diode No. 1.

!

Dicde Yo. 2 was compared with the VALVO OA9l1 specification
sheet dated 1.2.56. The statements made for Diode Ko. 1, as
to application and structure, both specified and observed,
2pply to this unit also. Again, VAIVO gives only nominal
data for this type. Both the forward and reverse character-
istics of this diode are below the quality level of the spec-
ified nomina” values, this is particularly trve of the reverse
current at high reverse voltage. The reverse curve is more
typicel of a point contact than Wo. 1, but it does not hold
up so well or break as sharply as No. 1. Again ; however,
attertion is called to the fact that where VAIVO (or Phillips
which is essentially the same orgenization) gives limits as
well as nominal values, the maximum lezkage current at high
reverse voltzge is several times the nominal veluve. Thus, the
mezsured value of 2C0 ma at 1CO v might well be within limits,
even though the nominal value is only 75 ma. Fo drift of the
characteristic curves was observed. As for Diode Ko. 1, a safe
dissipation limit was reached before the reverse curve reached
a slope as low as 10K ohms. The reverse voltage at the 50 mw
poirt was 135 v; this exceeds the 115 v breakdown limit given
for the 0491l. Over the range of reverse voltage from 0.5 to
25 v, capacitance remained constant at 0.45 upf. Like Diode
Fo. 1, this represents encapsulation and lead cepacitance.

The effect is typical of a point contact diode.

(2) o specification for reverse recovery time is given for
the CA91. However, it was measured for Diode No. 2 for
comparison with “he others and the dgata are discussed
under Small Metal-Ceramic Diodes, for some of which such
neasurements were required.

(b) The comments made in regard to ecuivalent JAN types under
Diode No. 1 apply to Diode No. 2 as well.

b. Small Ketal-Ceramic Diodes (Nos. 3 through 10)

(1) Kone of these double-ended diodes have been opened to deter-
mire internal structure, but externally they show the use
of a right-cylinder of a hard, dense, white ceramic (similar
to an aluminum oxide in appearance) which is sealed at each
end by a smoothly formed soft solder cap. This is a relatively
expensive structure, gererally replaced in the U.S.A. for non-
microwave types by some other form such as glass for good qual-
ity units or plastic for lower quality units. The solder seal
provides a chance for flux to be present inside the encapsvla.-
tion, vwhich may degrade relizbility unless some other internzl
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(1) (continued)
seal is present which can ornly be determined by open-
ing the unit. This is unlikely, however. Onc of these
units, No. 8, showed a drift in reverse current of about
15 sec. duration. No. 7 had nc drift, but did display a
small (0.5uA) reverse current jitter in the 10v range.
Another,No. € shows two reverse characteristics, either
one of vhich it may follow arbitrarily vhen it is turned
on.

(2) Fone of these diodes is equivalent in mecharical
structure to the cormarable VALVO types listed in
the “Cenerzl' discussion above. All of the types
OATO, T3, 81, 85, zrd 87 are 211 glass éiodes in
contrast to the structure described for Hos. 3-10-
The overall length varied frcm 13.3ma (lo.6) to
15.2mm (No.10}. Fexirum diameter wvas k.35mm.
A1l exceed the mesturmum length specification of
12.7om for the "equivalent types", but meet the
specification for maximum diameter of Smm. The
units are reasonably uniform in shape, although
the solder seal shape varics somewhzt from unit
to unit.

For all of these units, a thermal resistance of
about 0.79C/mr was assumed, together with a mex-
imm Junction temperstwre of 859C, to calculate
a safe ‘dissipation limit of 82 ww at 25°C. In
all cases, this dissipation limit was reached
before a reverse characteristic slope of 10K ohms
was reached, Thus wners "breskéown” voltage is
quoted, it represents the value at this dissi-
pation.

Before treating the diodes individually, some
general comments should be made. The first of
these refer to the cepaciiance versus voliage
measurenents. Thesc measurenments vere mede at
reverse de bias volteges of 0.5v to 25v. In
general, capacitance was low and largely indepen-
dent of volbage, chsracteristic of point-contact
types. Some dicdes showed a distincet increase

in capacitance at low voltages. Note that Fo.3
and No. 5 are reported to be the same type (0AT0),
but Hos. 3 and 4 have similer C vas V curves, show-
ing the most propounced increased in cepacitance
et low voltages. It will be secr later that thi
similarity applies o other cheracteristics also.
Keither have slopes high enough to suggest pur-
posely diffused or alloyed junctions. Results

are shown in Tsble V together with the limits
ooserved for the plotted data and specifications
for capecitance where given in the quivalent type
data sheets. VALVO does not state the bias volt-
age used for their capacitance measurement.

In general, the forward characteristics of all of
these diodes exe representative of typical point-
contact units not of bonded or plated point (very
low impedance) typses.

Two diodes in this class (Nos. 8 and 9) were reported
to correspond to the OAB7 for which reverse recovery
measurements are specified. All of the diodes of
MCK 15932 were measured, however, as a check on
their suitability at high freguencies (especially
since high frequency rectification efficiency meas-
urements could not be mede). Measurements were

made uncéer tuvo sets of conditions., For comparison
with previous diocdes tested reverse recovery was meas-
ured with a loop resistance of 750 omms,a forward
current 20 ma, and a reverse (continued on next page)
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(e) (continued)

voltage of 25 v. The reverse current in cxcess of
steady-state curreat is recorded during recovery zsa
function of time. This hes the advantage of showl
recovery speed uneffected by the stendy—stote .ovouse
lezkage current which varies from diode to diode.

The sccond set of conditions called for = loop resist-
ence of 2500 ohms, & forwerd current of 30 rwa, and a
reverse voltage of 35 v. Totzl reverse current is

shown a2s & functicn of tipe. This wes done to corres-
por? to the specifications for recorery neasurcment of
the €. 27 to vhich Ilos. & zpd@ 9 21 ~cporbedly egquiv-
alent. #lso, this corresponds closesy to cornditions

of 256 - JAIl 2nd T“recuent USA przctice. Its edventare

is thet the rectifier resistance a5 2 function of time
during recovery is ovtained by sirzgply dividing the con-
stant reverse voltase by the ovscerved current. Tebles

of results therefron, ere zttechec. Those for selenium
dicdes, vhich are limited to lor frecuency applications
2re not shown. Of the others Fes. 1 irrouzh k,9,10,ond
12 yere within thke waximm limits for the (£87. These
specificaticns are C.30 w2 reximmn ot 3.5 msec. £ very
rough compariscn =2y te =ade with the oply JAL cooputer
gercenian diocde (JLI-1276). % the seme joop resist-
ence but at 2 much lower forwerd current (5 ma) ond
slightly higher reverse voiteze (LG v), the JAI-11276 is
reguired to kave less thon C.5 ma 2t C.3 psec. These

bias conditions wouid cousc a suostantiel reduction in
current at 0.3 psec. cver ttat meesured In this eveluaticn.
However, the tize recuired for the Gicdes in this grow
to reach 0.5 wma is shown in Tevle X1 Zor the comditicz
of locp resisitence equzl to Z3577 ckzs. Usieg the JiII loop
resistance and biss cocnditions, 2 check or the two slow-
est diodes of the growp (I'c. b and Io. 8) showed tret 221
of the diodes in this growp woulé meedt the 1276 recovery
time requivement if corrsiztion Ttebweer the Clffercrt test
sets is assumed. A corrrison of these twelve dicdes can
be made with 182 domest.c pcint-contact germenium of var-
ious manufacture 25 tested and repcried iIn igsk.

The 750 oam loop resistance aré ccrresporndicg biases were
closely metched in bobh cases. With the exception of Fos.
2 2pd 6 at 0.1 usec, ond Tic. 2 abt 0.3 gisec., the group
1,2,3,4,5,6,8, would Tall with the poor 1C% of the 182
USA unit in reverse recovery tice. Ies. 7,9,1C,11 apd 12
would be in tke top 50%.

Looking now at the tebulated reccvery times for 750 ohn
J i
loop resistance and igncrirg memerterily the "eguivalent
T N et
types”, these diocdes scem to fall returelly into several
& 2
groups. (See Teble VIII)

(1) Fos. 1,2,3,4,5,6 and 8 have very cimiler 1ecovery

~ rates. Wos. 7,9 ard 10 are much Taster and ar
similer to each other. Nos. 11 ard 12 cre cuite
ciniler to each other, and corprise the fastest
group. Fos. 1,2,11 end 12 will te excluded from
this discu:sion since they have different encep-
sulatiors.

un the basis of similerity of forcrd endé reverse cheract-
eristigs the virst group splits into wwo. los. 3

and # are ruch elike end Kos. 5 exc € form 2 peir

of similsr units. Nos. 7,9 axd 1C azre wuch slike.

Tio.8 has a rather a typicel reverse curve beyord

a reverse voltege of 10 to 20 v which exeludes it
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(2) (continued)

from matching others. OFf these groups, Fos. 3
and I have the best overall cheracteristics.

Of the remaining groups, Hos. 5 and 6 have tae
better forward cheracteristics and Kos. 7,9,
and 10 have the better high-voltage reverse
characteristics. At low reverse voltages, lios.
7 and 9 have somewhat poorer lezkasge charactcr-
istics.

In Table VI, the data for these diodes are compared with
the specifications for the equivalent types listed car-~
lier. In many cases it will be evident that the meas-
ured values do not meet the electrical specifications.
Other equivalences are suggested by the comments mede
above.

{1) Nos. 7,9 and 10 might well be compered with the

T 0AB7, since high reverse voltege characteristics
ere suitable and speed is high as required for the
electronic switching applications suggested for
this type. These units would not meet the com-
puter application requirements of the Z-EL—E-l/ 1025
(JAN-11276), which calls for a much higher forwerd
conductance (Maximum of 1.0v at 4Oma). These diodes
give only 4 to 5 ma 1.0v. The difference lies in
the gold-bonding employed in the 1Ii276. They
would probably meet MIL specifications foi- some
of the general purpose diodes such as the 1N33B
(MIL-E-1/492B), 1M69A (+IT-E-1/142D) or the 170
(MIL-E-1/154C).

Nos. 3 and L4 are comparable with the OA8Ll or &5
which are all-purpose diodes with a peak reverse
voltage of 115v. Among the JAN types, fese moy
be compared with the 1N36B (MIL-E-1/492B) and

so far as they have been tested, they would
appear to compare very favorably with these speci-
fications. Again No. 5 and Fo. 6, though similer
to each other, seem to correspond to diifference
VALVO types. No. 5 is comparahle to the OAT> us
suggested but No. 6 is better then the diodes
covered by this type and corresponds more nearly
to a very good OATO or OAT2, or possibly an OAT3
when allowance is made for the different tempera-
tures at which the measurements were made. These
diodes may be compared on the basis of measure-
ments made with the JAN iN69A (MIL-E-1/142D) or
the JAK-1MB81A (MIL~E-1/155D).

c. Szall All-Glass Diodes (los. 11 and 12)

(1) Diode Fo. 11 was compared with the VALVO OAT2 specification
sheets dated 29.11.5L end 9.12.54. There the OAT2 is des-
cribed as an all-glass germanium diode for use singly in 2
high-resistance rectifier or demodulator circuit, or in
pairs in ratio-detector end discriminator circuits. Diode Lo.
11 is a point~contact diode in an 21l-glass envelope l2.2rm
long end cpproximately 4.3mm 0.D. This size is within the
specified 12.7mm by S5mm 0.D., maximum dimensions. Ko. 11 is
a double-ended, hermetically-sealed unit, apparently closed
at each end by a hard glass to metal seal. The seals show
light metel, not the usual Kovar nouse-gray, but the lead
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(1) (continued)
metal is magnetic and stiff as is Kovar. This is a high
quality sealing technique. The diode shows a considereble
amiount of dirt on the interior of the glass encapsulation.
Dete from these curves are tabulated together with VALVO's
nominal values Tor the OAT2. (See Tsble IV) A small drift
in reverse characteristics appears on first operation efter
several days shelf life, but the drift ends too rzpidly to
vermit photographing it. Forward characteristics are close
to the nominal specified values. Reverse current is con-
siderably poorer than the specified values, even at low
voltages. This unit shows the highest low-voltage satura-
tion current of awy diode in IMCN 15932 higher by a factor
greater then two than the next lower (lNo.7). These values
would probably exceed limits estimzted on the basis of
otuer VALVO types. The OAT2 is a low vnltage unit, with
¢ reximum peek voltage of U5v specified. ‘“he maximum esti-
moted safe dissipation limit was reached at an estimated
reverse voltage of 62 before the 10K ohm slope resistence
wies reached. Specifications call for a capacitance of
"zbout"l guf. The measured values, at 1 Heps, were 0.55
paf at 0.5v reverse bias and 0‘1#5}901‘ at 25v reverse bias.
This diode and No. 12 are almost identical in reverse
recovery characteristics and they are the best in this
item.

(2) This diode can only be compared with the lovest vol-
apge rating JAN type, the 1IB1A (I'-iIL—E-l/lSSD) , and
even then it will fail to meet the specification.
Althouph the forward characteristics are satisfac-
tory, and the peak inverse voltege specification
can be met, No. 11 woul” foil by a lerge margin
to meet the requirement of 0.010 ma reverse cui-
rent at 10v.

Diode Ko. 12 was compared with the VAIVO OA79 specificeation
sheets, dated 15.2.56 and 15.12.56. There the OAT9 is des-
cribeC as an all-glass-enclosed germanium diode for the
sarme applications as the OAT2. It is evidently a higher
quality version of the OAT72, since the data sheets show
very slightly poorer forward conduction characteristics but
zopreciably lover reverse leakage. Diode Fo. 12 is an
cll-glass-enclosed, point-contact d@iode appearing to be
essentially identicel to No. 11 in construction and size.
There is somevhat more dirt visible within the encepsule-
tion. From the tabulated data, it appears to have very
5lightly poorer forward conduction characteristics than

Lo. 11,sligatly better than the nominal velues for the
C&79. In ibs reverse characteristics, it is very much
better than Yo. 11, and is within +the specified values
Tor the OAT9. The maximm safe dissipation limit (82mv)
wes estimated to be reached at 95v. Ko specification is
siven for capacitance. It has the same values at the
limits of reverse bias that were observed for No. il.

Tnis is typical of a point-contact unit. This diode,

with Lko. 71 had the best reverse recovery time of the
diodes in this item.

(2) This diode should probably bemmpared with the JAR-
1N60A (MIL-E-1/142D). However, its forward current
fails very slightly to meet this specification,
although its reverse characteristics are superior to
those required. It could very readily meet the require-
nents of the JAN 1N81A (MIL-E-1/155D) in so far as
measurements made are concerned.

-10-
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d. Flat Diodes (los. 1% throuch 21)

(1) These units are 211 selenium rectifiers. Forword and
reverse voltage-current chcracteristics suggested that
this is so, and fleme and X-roy snectrosraphic analysis
confirmed it.

(2) hat appears to be an identifying letter (Llike an H)
is seen on Fo. 16. A similar letter is on No.ll.
The rewainder have had the black paint scraped away
in the region where the letter appears on Nos.1: and
16. The condition of No.l5 in this respect is not
known, since it was spectro-anslyzed before this
identification was observed. As a result of dis-
assembly of Ko.l7, and analysis of Wo.l5, the inter-
n2l structure of the wnit appears to be what might
be expected for a scall selenium rectifier, although
the external appearance is not typical of USA selen-
ium units. §/pp

In the sample analyzed, the base plate was found %o
be a stainless steel comprising Fe (ma,}or), Wi, Co,
In, ard Cr. It wes mickel plzted. The rectifier
raterial is,of course, selenium. With the selen-
ium were found bismuth, nickel, tin, and cedmium
with none of these as a2 major constituent. This is
in agreement witk materiels espected in USA prac-
tice. One lecd with 1i%s  crelet
welies contact to the selerium
VY 1e7NS O 2 Ln0Siu Lo wUscereLliXe weverids walch
s irsulated Tvrom the selenium by o fiber nad except
25 the center cof the structure ulere o smell hole

2 the fiber nermits the contact. This solder con-
tains bistuth as 2 major constituent » tin in nearly
the seme proportion, ard cedrium os a lesser, but
still major comstituent. An zlhesive layer holds
the fiber to the selenivm loyer. The other eyelet
with its lead contects the base plate. The entire
structure is cozted with a thick, soft, black layer
of insulatirg paint. It wes not identified, but was
easily removed with amyl acetate. The selenium
covers the entire base plate, which is tyoically
14 mm long, 5 tm wide, witk helf circle ends and
with two 3 ma diemeter holcs for the eyelets. This
glives 2n arez of approximately 0.57 cm2. §/

4 typicel USA selenium rectifier is constructed es follouws: A base
plate of zluminum or steel plated with nickel is rougherned end bis-
muth or other material which mekes a non-rectifying contact to selen-
iwm is added. Ther one or wmore layers of selepiwa are deposited (pos—
sibly witk chlorine or bromine in coribination) and processed. A layer
of sclenivr oxide, cadmium selenide, cadmium sulfide, shellac, or var-
nish is cdded. Finelly a lsyer of inert metal or of cadmivm, bismueth,
or tin is loid down. To this lzyer one of the electrical contacts is
wade, waile the otker is made to the base plate.

11~
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ata from thesc s % < o cal-
culgtisas of forvard cwrront dcnsii; on whc
basis of C.57 cs” aetive ares, sve show Zee Wchle FAT
Revearze-~to-forward-resistence ratio at 20 v reverse, l.uv
forwexrd ie olso chaam, Nobe that the resisience velues
are bescd on the averape walue in e Liycisrasis lccs at
20 v. Thesc vaiurs mey be covpared with the typical tess-
exrn vcines. They ere very low. Thcy could e expectcd
to inercase at higher arbient teuperstures, khigher éuty
-cyele or higher forward pesk voltages, but not Ly the two
orders of magnitude required to resch typicel velues. '_?_/

{(a) ©Diodes Fe. 20 amd 21 have relatively poor reverse
characteristies, the rarainder fzl1l in o rcasonably
close grouping of sbout 7 to 2C mepohm reverse resis-
tance at 20 v. The forwsid chsracterisivics, exclus-
ive cf Ho. 2L seem to fail in two distinct groups.

Capacitonce o5 a fumetion of revarse bias at 2 one mege-
cyele smzll signal vest Prequercy was measured esrly in the
anslysis before it wac estobliished thas the units were sel-
enium. The values cbisined were very low for selenium. £s
& cleck on thesc velues, mcesurcmenss &t a Lrequency of one
kilegyele vere mafe on smples of these units and on a
single plate of a typical US4 roctifier steck (Federal 10Chsa,
17611CX). The achive r—on of the Federal unit wes cshina-
%od &% 7.7 emf. Teble X shows the resulits on a Ter scguare
t5iz. Resissozce values were cuch thet the dom-
ouwld 1ot Le measvrsd on the one mezacycle bridge.
Hor could the urlmowm unite be measured oan the one kilocycle
bridge exeept at sexs bias. Zero bies measurenents cculd
20% be made for these cn the one megacyele bridge. The teb-
uated values do, howrcver, give an overlsp that allows a con-
cluzicn to be dravm. AlL monourchents were nade in the crder
of dceerensing bies.

(a) It is quite opparent that the £1st diodes have cap-
seitance per squere cenbimeter which is sigificantly
lower than cormen USA rectifier stacks. Evidently,
high forward conduetance hos beea traded for this
cheructorictic.

As a check on this possibility, a very rouzh best

of The frequency chexrecteristics of the flat diodes
wap mode. There is evidence thet a given forward to
veverse cuxrrent ratic, of say ten to one, is wain-
toived %o a froquency oF periwons an order of magpi-
tude higher than is the case for the USA single-plete
lol-Crzgueney unit, for the same totel forword cur-
root.

Publiched Westeim dzta on selenium restificrs give various AC voltage
ratings, ranging usuzlly from ebovt 25 v rms reverse voltage to 26 v
peek reverse voitoge. Scme companies msy give e higher figure. Beyond
about %0 v damage will oceur. Forward~current densities can be expected
S0 be about 50 ma/cm2 at 1.0 v, aithough at leost one company (Sarkes
Tarzian) quotes a lower figure as e safe rating and one reference shows
50 xn‘a/cm2 at about 0.6 v de. A ratio of forward resistence measured ot
1.0 v to reverse resistance measured at 20 v ranges from a common 1CO to
1 %o the order of 1000 to 1 for special applications such as tesnetic
amplifiers. These valucs ere gererzlly given for a 359C erbient.

~10-
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(4) A11 but Fo. 20 have high reverse-to-forward resistance
ratios, compering favorebly with the requirements listed
gbove as typical for megnetic amplifier applications.
Tiote that these measvrerents vere mede in on 2ir cobie *
of 20.6 to 28.39 with o helf-sinc—imve sweep agrlied 120
tizes per second. At the higher teiperatuse o 350C usually
gscuied es.on ambient temperature,thc forward currents would
'gher end reyerse resistances lower,but the changes should §/

e. Class Envelope fremsistors ‘T-1, T-h, T-5, and T-13)

(1) These trensistors were reported to be possibly equivalent
to the Intermetall types OC 33,34,40 or 41. These types
have been replaced by the OC 303, 304, 40O, and 410 which
the menufacturer claims to differ only in mechenicel dimen-
sions. Tone of these correspond mechan.zally to the trans-
istors under test. The earlier models of thcOC 33, 34 ceries
were flat-sided structures while the laser models are cylin-
drical with flat ends and trienguler lead pattexrns. The 0OC-
Loo-110 series have the same shape but an in-line lezd struc-
ture. lMpximum dimensiors ~f the recent models of both series
are 5.0 mm 0.d. with a 5.6 m seal diemeter, and 8.0 mm in
length. T-1 and T-13 are cylindrical with one rounded end
and are typically 1,..' = o0.d. with no seal bu’ge. ™-I is
similerly shaped, 14.%xi long, 4.6m in 0.d., with a seel
diemeter of 5.2mm. %-5 is 15.2mm long and 5.1lmm in o.d. with
negligible seal bulge. All have in-line lecad patterns. Lead
dismeters are O.lm for T-1, -5, and T-13, but O.3tm for T-U.

(2) Lever.neless » since preliminary elphc-cubc?f measure-
ments for the four units suggested sgreement with the
equivalent types, they were measured for comparison
with these types where possible. After the electricel
neasurements for this report were cormleted, tke paint
vas removed from these units to obeerve the internal
structures. A brief description is given before the
electrical results are preser .cd.

Trensistor T-4, in common with the othor three, cppears
structurally to be an alloy type, with 2 large collec-
tor dot visible end = smaller emitter dot on the reverse
side of the rectanguler semiconductor block. This block
is soldered to o metal tab which in turn is spot~welded
to a wire lead. The lead is one of threce Dumeb-like
wires seeled into a soft glass bead. The other two
bave spot-welded to then the leads ( of undetermined
materiel) which contact tv~ emitter end collector

dots. This structure is sealed into 2 soft glass

tube, using as 2 stem a scoo.d beed senled to the Dumch-
like wires. A true hermetic seal results. The siruc-
ture appears to have been torch-sedaled at both ends and
the internal atmosphere is probzbly close to atmosdheric
pressure. There is no silicone gresse, dissicent or
other protective device visible inside. The sermicon-
ductor has been etched to = smooth shiny surface, but

it is not completely free of stains. There are nc
obvious signs of dirt or exiraneous particles on the
interior of the tube, aside from a glass chip.

§_/ Kote also that steady state values are discussed.. Initial reverse cur-
rents were os . uveh as three times as great as that when the units were
Tirst turned on, but they all stabilized in less than 30 seconds. Form-
ing tine is noruelly required for selenium rectifiers > 3 to 5 minutes teing
oermitted in some ceses, so that this is not excessive. With the exception
of 415 the diodes were remessured at a higher reverse voltage, corres-
vondirg to 26v rms or aoproximately 38v peek. The averace rcverse resis-
torce end currert at 20v is tabulated for comparison with the lower peaX
voltage czse. Drift or forming times vere much longer in these coses.
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Transistor T-13 uses the three Dumet-like leads
sealed into a bead as a starting point, but
thereafter the structure differs fron T-li. The
tube is molded soft glass, and tle mode line is
directly visible at the roundeu end, and indir-
ectly visible down the side facing the viever
through the optical distortion of the internal
center lead. A base molded from powdered glass
is used to seal hermetically to the lead wires.
It has a flat bottom with 2 step and a pedestal
on top. The step receives the bottle and its
presence is visible as a transverse line near
+the flat base of the tube. The imner pedestal is
also visible; it produces the raised central por-
tion from which the three internal leads rise.
Sealing is probably not done with a torch in order
to avoid distortion of the stem. On completion
of the seal, the outside of the glass base region
is ground. to produce a nearly uniform outer dia-
meter of the entire bottle below the hemispher-
ical top. The reason for this apparently exces-
sive effort toward a smooth outer wall was not
evident until the "metal envelope transistors"
described in the next section were investigated
structrually after preliminary electrical meas-
urements. It will be described in that section.

Transistor T-13, and also T-1 which is similar use
a small circular ssmi-conductor disk as the base

of an alloy type unit. Two smaller diemeter wires,
vhich appear to be gold, are spot-welded to the
larger Dumet-like leads at one end, and at the other
they contact the emitter and collector dots at right
angles to the plane of the disk, A third small dia-
meter wire (apparently not gold) is bent to form a
loop in one end- The loop has a diameter of about
2/3 the diameter of the disk. The loop is soldered
on one side of the disk and the lead extends to the
remaining Dumet-like support wire where it is spot-
welded. The entire upper half of the envelope is
filled with a material which is probably silicone
grease. This may both stabilize surface conditions
and improve heat dissipation Excessive oxidation
of the intenal lead wires has produced black part-
icles which are free inside the encapsulation. Hone
seem to have penetrated appreciebly into the sili-
cone. The smaller disk and dot sizes (to minimize
capacitance values) and the rire loop base connec-
tion (to reduce base spreading resistance) may be
expected to contribute to the higher frequency cap-
abilities observed for T-1 and T-13. It appears
probable that the disk and, therefore, the base
region is thinmmer in T-1l and T-13 than the other
two units. This would also raise frequency res-
ponse by reducing base transit time.

e AR T

T-5 uses a molded glass stem similar in orinciple

to that of T-13 though with a much higher pedestul

A torched bulb and seal similar to T-4 is used, again
giving a .ermetic seal. MNo bead structure is neces-
sary. A formed, perforated, metel frame is spot-
wvelded to the center lead and a semi-conductor die is
soldered to it. The die has an orange peel surface.

4 lorge collector dot is alloyed to the uncovered

side of the die, while a smaller emitter dot is alloyed
on the opposite side. The remaining two lead wires
make soldered contact to these dots; eccess to the
emitter is through the perforation in the frame. It
seems surprising that the lead wire is found suiteb’e
for soldering directly to the dots, for example mech-
anical strains might result. This structure appears
to be clean inside. From the standpoint of ruggedness
and reduced thermal resistance,this unit is probably
superior to T-4. Base spreading resistance may also be
better.
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(2) Alpha-cutoff messurcicnic showed tuat the zless trensis-
tors were divisible into a lower frequency group (T-% and 50X1
T-5) and a higher frequency group {T-l and T-13) which
could be compared with the OC 302 to 304 series and the
0C 390 to 410 series respectively. The lower frequency pair
is considered first. 11

(2) Under the bias conditions Vg = -5.0 v ot I, = 1.0
ma, alpha-cutoff is given in the following le.
Measurements were made with the Transalyzer, based
on low frequency values of alpha observed on the
Baird GP-k.

S e
RN

SR

Unit Alpha Cutoff Frequency
(megacycles)

-k 1.1
T-5 1.k
oc3ol .90
0C303 =75
0C302 .60

The measured cutoff values lie between the most
accurate ranges of the Baird and Transalyzer
instruments, but the units clearly fall in the
range of the OC 30k rather than the OC 202 or 303.

Small-signal h-parameters in the common emitter con-
figuration at a bias of VoE = -5v, Ig = 1.0 ma, meas-
ured at 1000 cps (TavBL ST*DC), are given in the fol~
lowing table, using April 1957 Intermetall data for
comparison, No drift was observed in these measure-
ments. *

Unit hpje hioe

hope b
g;mzelho) (Kj%ﬁms)
Tl 124 38.7 . 9.8 x 107t
T-5 L8 k3.5 10.8 x 107
0630k 32 i5 11.0 x 10~k
12
0C303 1632 25 1
06320  9-16 15 0 3.8 x 0%
h

a. i 10k

12/ 32 to 120 in March 1958 specificetion.

(d) Again, the two units compare well with the OC 30k,
although the input impedance is rather high. T-h
and T-5 are very high B{or hoje) units.

_ZI_J._/ Electrical analysis of these transistors begen before knowledge of prob-
able equivalent types was received. After establishment of polarity type, which
was found to be PNP, the f{irst step was to cweep a Temily of curves through the
region in which h-parameters were to be messured. This covered the bias condi-
tions common in the USA (V(;B=5v, Ip=1 me),and those required for previous
mezasurements made here on Soviet transistors VcB;-lOy,IE;-lma). Since no exces-~
sive drift, hysteresis nor alpha crowding were observed, nor wazs breskdown seen,
meegurements of h-parameters were made under these bias conditions. Subseguently,
they were also made under conditions of Vg—<5v and 10v with Ip as required for Ig
equivalent to that in common base. This is gbout one millizmpere. All uvnits stzbil-
ized in five minutes or less but one. T-13 was still very slowly drifting durins
common emitter voltage feedback (hgle) neasurements at both 5v and 10v bias conci-
tions. Later it was learned that some of these units probesbly are equivalent elec-
trically to the Intermetall OC 390,400,410 scrics waich have voltage ratings of
Yeg = 10v, Vg - 5v (Merch 1958) or Vog =3v (0CH1G, April 1S57). & repeat of cormon
base b-parameter measurezents at 5v was nade to cee if-damege heé teen éore by the
1pv common emitter bias but there hisd been vo avprecicble.chenze ccused by the high
common bias measurement. 9his repeat was rmcde for T-1 and T-13 vhich cxre the high
frequency units probobly éorrecponding -to the -0C20C to k10 series. Thesc couments
&re included fer coupleteness to cover ceréitions ol tiesinent cccorded these tnits
ané their reoction. . ’ Tt
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Heasurements of Icpo show results well within the
specifications for the OC 302 to 30! types. The specified
naximm at T=25°C is 15 uA at Veps ~5v. Steady stete 50X1
measured values et this voltege end at TALB cbout 26+ .T°C

are 5.8 and 4.8 P4 for T-4 and T-5 respectively. lieasure-
ments at three voltages are shown below. The values are
indicative of clean surfaces, especially in tke case of

T-5. Even T-lI shows a2 surface leakage of the order of

15 to 30 megohms.

Unit Steady State Icpo at Vg Of:
-2v _=5v ~10v

T 5.6uA  5.8uA  5.9uA
T-5 4.7 (5) L.8 4.8

Drift cheracteristics were measured with Icpc vs tine
at constant Vg values - € -5v and -15v. Thehgh sen-
sitive of 1.CpA per inch should be considered in inter-
preting these plots, since a 0.1°C temperature chenge
causes spproximetely a 1% change in IcBo«. The down-
vard drift of T-I is small and in a safe direcfion, but
is evidence of a surface whick not quite as clean or
stable as T-5,

Curves were run for common~base output. Here the locus
of end points of sweeps represents a load line maintain-
ing operation within power limits based on the published
thermal resistance (2.250C/uw), and maximm junction
temperature (750C) » With a supply voltege equal to the
published rating for Vep (+15v). These are based on the
0C302 to 304 series. This corresponds to roughly opti-
mum conditions for meximum pover output, giving a volt-
egesring of one-half of the rated collector voltage.

T-4 oscillated under these conditions. T-5 operated
normally.

Additionel curves were run to show the input character-
istics for operation along the load line Just described.
fLgain the oscillztion of T-b, unless drive is reduced,
is apperent.

Additional curves were made of output and input char-
acteristics for simila.l) load~line conditions but in the
cormon emitter configuration. Agein T-4 canrot operate
ot rated conditions. In this case it drifts toward run-
avay conditions. The curves show lerge signal current
gain for operation rlong this loed lire. Current gein is
non-linear for thesec ditions.

Curves showing collector-voltage, saturation characteristics
were run. Ko specifications for saturation voltage are
given for these devices.

Upon comparison with the cenitter-output curves for a twmi-
cal OC30h4 the high-current gein cherscteristics of T-4 ond
T-5 are immedistely cvifent. Relative non-lineerity or
current gain et constsnt collector voltege B crovding) is
also evident.
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The tenth and eleventh sects of
Veso vs Igpoand Vepo vs Ippg or a determinetion of
collector breakdown volteges. Breekdown voltages,

it vill be recalled, are determined for this recport

by the lowest voltage at which (1) the slope of the

curve reaches a value of 10 k olms or (2) the raxi-

mm permissible dissipation is rcached. Tne slope

limit applied for common base breskdown for 211 trans-
sistors of MCN 15932 which were tested. It 2lso epplied
for common emitter breakdown except for T-5 which reached
the power limit first. The curves are all run out to a
dissipation of about 100 mw. The breakdown volteges are
as follows:

Unit BVcgo Bucro
-4 -k -15v 13/
T-5 -172v -k.ov

Ratings for *he OC 302-304 series ere Vgp mwex = -A5v,
Vog mex = -15v.

The twelfth set of curve traces shows the output cher-
acteristics of T-5 in the common emitter configuration.
These duplicate the conditions shown before except that
these were taken after breckdown measurements. This
could not be done for T-l beceuse the sma2ll lead to the
emitter broke off during repeated handling in these
neasurements.

In the finsl graphs for these units is shown output cep-
acitance versus collector—to-base reversc bies. These
curves show the operating output cepacitence, and in
addition provide a check on junction t§pe and quality.
Throughout the bias range used, the slope remained con-
stant and close to measured value for typicel ¥esiern
alloy junction trensistors, in agreement with the visuel
evidence that the units are 21loy-junction types.

For generel information end for comparison with other
units Table XIXIchowing common-base characteristics of
all of the MCN 15932 transistors is included in this
report, although there ere no values given for these
cheracteristics for the OC 304 in the data sheets aiached.
In addition, a B-cutoff frequency of zbout 9.6 kcps was
measured for T-5. The broken emitter lead precluded a
similer measurement for T-4 .

f. MNetal Envelope Transistors (T-—2, T-3, and T-9 througn T-12)

(1) These trapsistors were reported 4o be possibly equivalert %o
the Intermetall types Oc 33, 34, 40, or k1. , Preliminery alvha-
cutoff meesurements put them in the generasl OC 33, 3%, or 303,
30k category. Externally, however, they differ considcrzbly
from the encapsuletion shown by Intermetall for these ecuivae-
lents. Removal of the black paint disclosed a metal envelone
epperently with a glass plug in tke base tnrougn which the
leads passed. A red dot found unéer the black peint cnd on
the metal case denoted the collector lead. The leads were
placed in an in-line pattern. TIimensions of the case zre
typically 15.2 to 15.5mm in length znd 5.6 %o 5-Cmm 0.é. near
the closed metal end, flaring to 5.9 to 6.0mm o.d. at the lead
end. Lead wires were sbout O.ltm o.d. Except for the lezd pab-
tern, the metal closure and physical dimensions agree perfectly
with the description of the Idermetell OC 307 and 30C .

J_._3_/ Excessive drift set in at Vgpp well below -15v for T-b
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Lecause of the structurel similorities to the CL 5.y, wv -u.
serics, the unids were tested for corparison wilsh these zs -mol”
25 the OC 362 to 30k series.

(2) tPter the enalysis, and because T-2 suficreé en overvelizge
which impered its characteristics, T-2 vwas cncaed to deper=
mine %5 internal structure. This turned cut 4o be unicue.
Evidently; a2 molded glass stem, similar o those descrited
Tor T-13 end T-5, together ith o molded zlass bottle,
such as the one used for T-13, form tke dasic hermeiicelly.
sealed cncapsulation. In this there is spot-welded to the
centrai lead a perforated nickel plate, differcnt in shcne
from those previously described. A germzniun die is soldercd
to the plate. The Gie bears well-formed, cllcyed Gots; o

a smeiler cmitter dot eccessible through the perforation i
the nlate: These are indium with sellium present. A bas-
icelly-+4in solder joins these dots to their resdective leols
which are of a high-chrome nickel. These in turn ere S:0%-
welded to the stem lezds. The cnclysis of the mabterizl uen
tiloned here wes mede spectrochemically:. Grease (procably
silicone since it was not readily dissolved by common crronic
sclvents) Pills most of +le glass enclosure.

(a) The unigue features of the strucbure ere the clcse
dimensional tolerences on the gloss case ard the
reason Tor them; the basic glass encapsuletion is
irserted ir a metzl enclosurc and cemented in plece.
The metal is copper, plated presumsbly with nickel.
Evidently this is done in an effort Lo achizsve &
lower thermal resistance and hence 4o increcse the
peralssible pover dissipetion. The metzl cover,
tee case of the OC 307 and 3C5; is interded Lo e
inserted in a metel heat sink which is presiumicdly
<0 be bolted to a chessis, further increesing th
dissipation capebilities. Thais transistor siruchoe
seems like a stop-gep methnd of providing Incressed
dissipation without theefl rt recuired for a betier,
2ll-metal encepsulation with lowver hermal resistzuce.

Any the uvnits were painted black is not mown. Cer-
tainly the paint would only reduce the poor thermicl
path which nov includes grezse, jlass, ceuernt, «©

case znd externzal sink befcre reaching the chassi

And it hid the coliector color code dot. Perhons
tnits are experimentsl for debermirnaticrn ¢f low—
suell-signel opereticn rather than high pover copchil-
es, but if so, the metzl envelope wouid kave o oCj-

igible value.

Zlectricel erelysis of these iransistorstegzen teforc
knowledge of probable ecuivalent types was receivel.
The seme initizl neasurewmerts of h-parzmeters ot col-
lector volteges of 5v and 1Cv as described unéer Szc-
tion e were made for these uni*s zud the szre

2oply in generai- A1l of +he uriis in tke

lope group stebilized quickly except T-11.

three minutes to sizbilize ot Tog = ~iCv for
measurement. During this time sboub a 10,5 chen
hooy occurred. Ko excessive Srift or insbzdili
cbserved in initial commen emitier messurcmenis
followrd the common base wessv-ezerts.

Yo

-18.
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Alphg cutoff measurements placed all of these units
in the range near cne megacycle, cxcluding them

from similarity to the OC 390 to 410 series; and
analysis proceeded based on comparison with the OC
302 to 304 series. With a basis of Vg = -5.0v,

Ig = 1.0ma the following vlues vere measured witih the
Baird GP-4, based on the low freguency (1 Ke) elpha
velves shovn, 1/

Unit Alpha Alpha Cutoff
At 1 Ke Freguency

T-2 0.97L 0.73 Hc

T-3 1.02

T.Q 1.2

T-10 0.53

T-11

T-12

0C30h

0C303

0C302

Small signel h-peraemeters in the common emitier con~
figuration at biac velues of Vo = -5v, Ig = 1.Cma,
measured at 1000 cps (TAMB=~279C),ere given in the
following teble. Intermetall deta of April 1957 zre
given fcr comparison. 15/
bote booe byte Bipe
(umho) (X obms)

Ll 18.2 1.k6
111 32,5 3.72
108 29.3 3.75

93 26.2 335
185 k3.5 6.50
118 30.5 k.15

32 Ls 1.80
16-32 25 1.00

9-16 15 0.60

L
W
oMM

»

A A
Mo NN

® olouh

]

v

B}

L]

ok

Measurement of Igpp show results well within the
fications for the 0C302 to 304 types. The specified
meximm value et T = 250C is 15ud for Vo = - 5v. Steedy
state values at three voltages axe shown belew For an
ambient temperature of 26+ 0.7°C. These values are low
and the smell change with voltege indicates high sur-~
face leakage resistence; even for the poorest one (m-11)
it is of the order of 7 megohms.

Ll}/ This table initially places T-3 and T-9 in the 0C30L class, T-2 and
T~131 in the OC3C3 clsss, and T-10 and T--12 in the 0C302 class.

":E/ All of these are high-B units, hpoje in one case even exceeding the March
1958 wpper 1limit for the 0C30L. A1l surpass the minimum velues Tor this
type. The poorest output impedence is showm oy T-11; but cven it is close
to the typicel velue for OC304. T-11 zlso hes the poorest va ue of hyoe
and the highest input impedence, it will be seen later that it 2lso hes
poor breekdown characteristics. The other units fell in the accepieble
ringe of hyoe, but in general they show high values of hyye, @5 Gid T-L
and T-5; the other low frequency zlloy units. These high values of h
may be e.pectel to cause errors in meesurement hoie (B) ond hyye with
the Baird GP-%. About 1% of error is introduced per 10G0 ohms of true
hjle, and the error is in the &reciion of Loo-low readings of hlle and
bole. Thus, the true values of hjje and hpje are provably a few percent
higher than the table indicates.
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Steady State Igpg at Vg of:

-2V

L,1uA
5.2
1.8
2.
2.

2.

Drift characteristics were nmeasured at constant Veg
velues of -5v and -15v. "¥With the exception of T-11
vhich becomes relatively very poor at V¢B = -15v,

the metal envelope units shoir very good stebility.

If it is assumed that all of these units h~ve grease-
stebilized surfaces as T-2 proved to have on opening
it, the grease is doing an effective job. dowever,
its sensitivity to the effects of atomic radiztion
should be noted. Iater, these devices are compared
with the OC307 and 308, drift at Veg = =30v after
shelf Zife crd the sbove results sre further sup-
poried.

Cormor-base output cheracteristics where the locus

of endpoints of sweeps represent z load line mzin-
taining operation within power linits based on the
published the—ral resistance (2.259C/mrr) and mexi-
mum junction tempersture (75°C), with e supply voli-
age equel to the published rating for Vcz (~15v) are
good, with no alpha-crowding to contribute to non-
lirneerity. In measurements of output and imout ckher-
acteristics for similer conditions, but in the cormon
emitter configuration the end points of the output
family define an epproximetely optimum power output
condition. T-2 shows = relatively low currcnt gzin.

leasurements a2t a typicel small-sign2l bizs condi-
tion (VCE = -5v) show corsidersble non-linecrity for
lerge swings in Ig. 16/

A£11 of the metal-covered transistors broke down before
the thermzl dissipation limit (of roughly 100 tw) was
reached. The mezsured velues cre showvn in the following
teble. 15/

Unit Byero

T=3 121 v
T-9 118
T-1G 116
T-11 97
T-12 87

Trensistor T-2 suffered e demaging mozentery overveliege of zbout 150v
during the course of these measurements, before the innut c-~racteristics
at constent Vop were taken. Of course, imput data is derivetle from the
voltege transier curves as notved under T-1 and T-~13. This date will cor-
respond more closely to the published curves in principle.
Meesured at lowest current portion of hysteresis loop.
Measured at middle of blur.
tings for the 0C302 to 30k series are Ve mex = ~15v, Yop mex =
T-11, which has shown relatively poor collector chcracteristics
the stert, fails to meet the Vog requirements.
- 20 -
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Output czpacitance vs collector to tase,rcverse bies

with emitter open circuitcd wes recasured. These Jcas-
urencnts chow nermel or better capacitence velues for

o one-neacycle allsy unit of this power reting. The 50X1
slopes, renging from C.43 to 0.4S, cre typicel of a good
alloy unit as hes been previcrcl, ncationeé. ilo speci-
fication 10r capocitance is stzted in the CC302 to 304
specificaticns.

For generzl information and for comparison with other
units evaluated a table ol cormon base cheracteristics
of these units is included in Table XII. There core

no specifications for these velues given for the eguiv-
alent types.

Por the anzlysis compering these units with types 0C307
2nd 0C308, the paint wes removed and the units wvere
inserted in a2 heat sink nade following the dirensions
shown on the Intermetell sheet. The heat sink wes bolted
to 2 heavy ccopper plate. "Arbient tempersture” in the
case of the meesurements for this acnalysis is considered
to be the temperature of the heat sink. For these meas-
urements; a thermocouple was soldered +n the cylindricel
pexrt of the heet sink gt e position cbout midwey along
the length of the trensistor. =Secausce of the relatively
incomplete description of these vnits in the Morca 1958
teble of characteristics for the CC307, 308, the Lpril
1957 data is used fcxr ccrmeorison purposes for 211 cher-
acteristics not appearing in tke leter dete. Evidently
the CC3CT end OC308 sxre essentielly the szme device,
with different appliceticrs in mird celling for con-
trol of different parzmeimzth c2ll for cuxrent, volt-
ege, and dissipation choracteristics considerzbiy in
excess of the CC302 to 304 series. For exemple, Ig

mex 1s five times as great, Vog mex is twrice as great.
The CC3CT is intenfed for use os a dc erplifier ab povers
up to one watt ir push-pull operation, or in 2 muidti-
vibratcr or electronic switching circuit. This recuires
control  the current end vollege scburation regions pri-
merily. On tke other hand, the 0C3C8 is irtended for use
in a class-B pusa-p.il Sutput stege of 2 low freguency
enmplifier. Operetion betweer the sabturation regions
must,therefore He controlled as well, end this is zopar-
ent in the specification sheets.

(l) To meke +this comperisor, o céditicnzl sets of
reasuremcnts were teken for the metzl ervelope
trensisters. These show (1) She output chexr-
acteristics in tihe cormon exitter configuration
under low voltege high current conditions zrd
(2) +tkze imput cherscteristics in the common
emitter cenfiguretlon at constent Vog = -0.7v.
With these data and those tcken ezrlier, wost
of the recuired desta could be Getermined.

Using DC betes caleulated ot Ig = 1Cma ard Vog
=5.kv and at Ig = 8Cre and Vop = -0.7v, I vas
calculated end dete ovtairned to compere tae
specified current gain with thet observed. Tae
values zre shown in the el les following.

21~

S=E-CaRuilnT

Declassified in Part - Sanitized Copy Approved for Release 50-Yr 2013/12/11 : CIA-RDP81-01043R003300180006



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/12/11 : CIA-RDP81-01043R003300180006-6

SR o b0 ST

(2) Bias Conditions: Vgg = -5.hv, Ip = 10 &2

3
Unit I . !
— 2 50X1 i
T-3. 95 ph ;
T-9 ™ <
T-10 T0 s 4
T-11 45 19/ : B
T-12 15 . ]
0Cc308 75 to 140 i
i H
(o) Bias Conditions: Vgg = -0.7v, Ig = €0 wa i
i
]
Unit Iy b,
-3 1.1 ma .
T-9 1.0 i
T-10 1.3 :
T-11 0.8 20/
T-12 1.3
0c308 1.0 to 3.3
(3) Using the values of Iy shown in (), the imput
resistance was found from the input character-
istics at Vog = -0.7v and is presented here-
under:
(2) Bias Conditions: Vgg = -0.7v, IE = 80 ma
Unit : 1
T-3 0.37
T-9 0.36
T-10 0.38
T-11 0.30
T-12 0.38
0c308 0.60 mex.
e (&) Seturation voltage is poorly specified on the OC
308 sheet. Since the conditions for the 0C3G7
evidently apply to the same measurement, it wzy
, be assumed that the same specifications should
apply to both. From the ortput curves at higzh
current and low volbege were taken the data in ) i
the following teble, whici zpply to this spec- T |
ification. -
i
(2) Bias Conditions: Ic = 125 n2, Ip = 6.5 ma )
Unit -V
= ZCE :
T-3 0.165v :
T-9 0.180 :
T-10 0.175 -
T-11 9.150 ;
T-12 C.185
0C308 and 0C307 0.35 mex. :

52/ T-11 falls far out of the limits end T-10 is oo low but wmerginally. Low
values here correspond to higher then normel current geins. The remein-
ing velues are within specificationg falling neerer the 2igh gein limit.

go_/ These values are with one ezception within the specified range,® and neer
the lower limit which represents highest gein. The exception is T-11
which has a gain exceeding the specified limit. -

-20. ]
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Colicctor czturation current in the
cozzon bese configuration (ICBG) is
specified at ¥(3 = ~1Cv to be ICulh

or less: The valites of Igpg under
these cornditions have Zeen trbulated
ezriier, in the OC 3C2 to 3C% aprlysis.
The highest vaive (5.7 £4 for T-3) is
well belowr the specificd madmam.

Collector saturation cuxrrent in the
common emitter corfiguration, after
one minute of stedilization, is skown
in the teble below. ileasurement ten-
perature is 25.6£0.2°C, requiring 2
reduction in the tobulated velues of
four to eignt nercent or les. for com-
parison with 25°C drtc s specified.

(2)Bies Conditions: VcE = -6.0v, Iz = O. me 21/
Unit Tozn

-3 375 ph
- 175
T-10 iko
11 310
T-12 130
0C308 2nd 0C307 300 mex.

(7) & very rough esiimate of beta cutoff cen
be made from measured velues of bete.(hale)
and alpha cutoff. The bias concéitions
(Ve = -5.0v, Ig = 1.0zz) do not corres-

. pond to those specified however.

Rough Estirate of Beta Cu

e g./ These velues ar: hizh, because Iopp is approximetely egual to IC beta times
Tozo- Trus a nighewmein wnit, such es these 21l are, suffers by cosparison
vith o lowgrin uait, oiter things (e,g. » Junction cualit; r) being ecuali.
The geirn of T-3 although high, is not grestly different from the cther
units, dbut its low voltage Iggo is relatively hizh as skown in earlicr
tebie. Eence; it Is out of the specified limit. T-11 is kigh and drifi-
ing very slowly wp (sbout 1GeA in ome minute). The othur units vere sichble
within theXx SuA tolerance of the reading.

Corparison of the previously tabulated velues of alrbka cutof? and hoje for
these units shows irmediately thet high velues of beta lezad to the lowr beta
cutoIf frecuencies shown here. Only T-2, the lowest bebta unit, is in the
specified region.
431 of the units have open circuit imput, common base collector brezikdown
veiteges (B VcBo) considersbly in excess of the rated velue of 30v, All
out T-11 have open circuit imput, comzon emitier breakdown volseges B VCEO)
in excess of the rated value of 18 v. 3B Vppgo and B Verpo are tedated in
‘the 0C302 to 30k apalysis.
-23-
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(8) Twrning now to the 0C307, it is found

~  that the controlled valuves ezre In and
VpE measured et I¢ = i25 wo and Vog 7
~0.7v. Deta from the common emitter
‘output and input families for the metal
covered transistors teken at these points
are shown in the following teble:

(a2)Bias Conditions: Ip = 125 ma; Vog = -0.7

Unit I -VBE
T-3 2.0 0.k
T-9 1.8 0.h7
T-10 2.7 0.h5
T-11 1.6 0.0
T.12 2.7 0.k
0Cc307 5.8 mex. 0.70 max.

(9) The "mee-voltege" or voltege saburation

T requirements for the 0C30CT hove been dis-
cussed zbove in connection with 37(2)(m)
(7) (2)vhere the mecsured values are com-
pered with the specifications. All of
the transistors net the specifications,
with meosured velues close to h2lf the
necdmm permitted vaue.

Common base collector saturation current

at Vopo = -30v has been measured as 2 furc-
tion of time to determine collector cuality
at this voltage, which is twice thc raled
velue of the 0C302 to 30l series. T-3, T-9
and T-10 are vexry steble; T-12 shows some
drift, but it is in = favorsble Girecticn.
T-11, however, shows en initiel high leak-
age and then after a momentery drop its
current rises rgpidiy. As indicated in pre-
vious measurements, its low brezkdown voli-
age and other chexracteristics merk it os
far below the quelity ard capsbilities of
the rest.

Values of Ippp meesured efter one minutve of
stabilization are showm in the following
table for comperison with the OC30T7 sveci-
fications. Values are read to the nearest
half-microampere. Temperature was 21t,2°9C
during measurement.

(2)Bies Conditions: Vpp « -30v, Ip = O wa

Unit Icro

T3 5.0 mi
T-9 3.o}~
T-10 7.0
-11 1.0 24/
T.12 4.0
0c307 (25°C) 15.0 nast.

24/ Compensation for the temperature difference between conditions of measure-
ment and specification would increase the mezsured vclues by sbout 8% or
possibly less. T-11 had drifted out of specifications at gbout one ninute
and was still rising steadily. The other units ere well within the speci-
fied value.

Ol
S-E-C-R--ET
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(12) Commzon emitter collector current under rever-

~ sed bias conditions was measured at 25.7 t-
0.1°C, for comparison with the OC307 speci-
fications: Tabulated below are the date
after one minute of stabilization.

(2) Bias Conditions: Vog = -30v, Vpg =% 0.1v 25/

Unit Ic

T-3 5-4 ua
T-9 3.2
T-10 2.5
P11 1.

T-12 3.6
0C307 15. mex.

Ny
ke

0

BB

r g

(13) The emitter junction quality is indicated

by the neesured velues of Impos the reverse
biased emitter saturation current with col-
lector open circuited. leasured velues teken
at a temperature of 25.3 to 25.8°C efter one
minute of stabilization are tabulzted below.

(2)Bies Conditions: Vg = -6.0v, I, - O za 26/
o

Unit RG]

-3 2.6 uhA
T-9 1.k

T-10 1.5

T-11 1.1
T-12 1.1
0C307 L.5 max.

(34) A velue of saturation resistence is speci~
fied for the 0C307. Data from the common
enitter output curves hes been used to cal-
culate this resistance for the five semples,
and the values ere shown in the following
table.

(2)Bias Conditions: In = 125 me, In = 6.5 @a

Unit Seturation Resistance

T-3 1.3 obms
T-9 1.k
T-10 1.k
T-11 ) 1.2
T-12 1.5
0C307 2.8 mex.

gg/ ?-3, T-9 and T-10 were stable. T-11 drified up from an initizl velue below
GpA to the velue given. It went out of specifications at TO sec. T~12 érifted
cownwerds from an initial value of L7 AA. A1l but T-11 ere therefore satis-
fectory and previous comments sbout their Junction quality describe these
measurements as well. e

FESPL JPRr Y

26/ A11 units but T-11 sppeared to be stsble within the meesurement ‘tolerance.
T-11 drifted from 1.2 to 1.1 A in one minute, a favoreble direction of
drift. Evidently the difficulty with T-11 lies in its collector Jjunction.
This is in agreement with its relatively low collector breakdoun voltage.

e s

~25.
S-E-C-R~-ET
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(15) One other briel c¢omporison uzy be wede with

T on Intermetall type heving the same overall
appearance es the 0C307 end 0C308. It is
the 0C309, and the only data availcble for
this report is that in the Eorch 1958 shect.
Only two points of comparison will be made.
The first is that cormon base breckdown
voltzage, B Vppg has already been shoim to
be greater than the Vgg max. of GO v spec-
ified for 0C309. The second is a meosure-
ment of Igpgp telien in a temperature range
of 25.7 to 26.0°C, under bias conditions
specified for 0C3C9 as shoun in the fol~
lowing table. The recorded éata vere taken
after one winute of stabilization.

“ARLROY IV

'3 LS

(2)Bias Conditions: Vgp = -60.0v, Ip = O 27/

.Unit Icpo

T-3 6.6un
T-9 3.7

T-10 21.7

T-11 18.5

712 19.5
0C309 30 wmax.

Testing of KCH 15933 and MCH 15934 has yielded the values set fort™ in
.woles IV, XV , 2nd XVI. By gross inspection, measurement, and X-rzy
inspection these transistors appeer identical.

2. ICK 15933 T-6 appears from electrical measurements to be an her-~
meticelly sealed, stud-mounted, germanium, PKP, alloy-junction,
mediun-power trensistor with collector connected to the stud; it
will meet the specifications for the West German "Tekade GFT 2006/
20" or the USA "2I{156" but will not meet the specifications for
tre "GFT 2006/60 or 90" or the USA type "2i158. 28/

(1) igher leskege currents and lowver saturebion voltages were
found then would be expected from silicone.

(2) A slope of the curve of capacitance vs Vo or Vgg of epprox-
imately 0.45, close to the *heoretical 0.5 for gbrupt junc-
tions, is observed for the major part of the curve at higher
voltages.

-3 ané T-9 stebilized in a few seconds; T-1C drifted dounwerds, the favor-

ole direction, very slightly in one minute (0.3}1{:.); T-11 as usual Grifted
vpverds from an initial value of T.50A until at 3 ninutes it reached 3CuA
and went out of specifications, still rising. T-12 drifted more then ususl
but still in a favorable direction and most of the substentizl drift (from
TCui to zbout 30’J.A) wes over in a few seconds. T-10 nov shows a2 relativrely
bigh leskege for the group which differs from low voltezge deta. This could
e anticipated from the breskdown characberistisvh’ch show a distinct berd
in the Vgpo vs I curve for T-15 &t about 50v. figein all but T-~11 are
withir specifications.

@/ Tote thet the 2K158 at 8.5 wetts znd Vgg = -60 v is the lower-rating pover
transistor on the list of epproved militaery types, the other one (2ra7h)
being rated at T5 watts apd Vep = -80 v.  Externally, the unit zppecrs to
ve well constructed, and similar in design to the 2H1Th though srmeller in
size; the overell dismeter being about three-~quarters of the 2E1T4. This
susgests a lower power rating due to reduced dissipation area, but rot
so low as the GFT 2006/30, 60, 90 series actually has. This is apperently
lower Gue o (1) lower maximm junction tempersture (2) higher thermel
resistence as well as (3) lower heat sink contact ares. Thermel resis-
tence should be measured. The specified maximum value of 5°C/¥ is high
by comparison with high quality USA types.

- 26 -
S-E-C~R-E-T
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At iow voltages (less than about one) a slope value anprox-
imating the theoretical one-third for diffused junction 50X1
appears, showing a slight diffusion close to the alloy junc-

tion.

The appearance of the device externally and its measured
characteristics as shown in Teble XIV. suggest complicnce
with the GFT 2006/30 design, and the electrical similerity
to the 2W156. Polarities indicate PNP construction. Color
coding of the emitter is blue, the base white, and the col-
lector is electrically connected to the stud. The encepsul-
ation is all metal and soft-solder sealed; the cap is prob-
ably steel and the base is copper. Except for the fact that
resistance welding may be preferable to solder sealing, the
unit appears tobe well mede.

There is initial drift observed in the dc characteristics,

mostly over in a few seconds but lasting over a minute for

some. Oscilloscope traces ere generally steady after such
a stabilizing period. All drifts are in a favorzble dlrec-
tion when measurments are within the limits of the assw.cd

specifications.

The unit is unusual in showing a higher emitter breakdown
voltage (over 70 v) than collector breskdown voltage. A
check was made to ensure that the emitter and bese color
code was properly interpreted. This gave a much lower &
when collector and cmitter were interchanged, indicating
that the direction used throughout the tests, and the color
code, are correct.

b. MCN 15934 (T-7 and T-8)

(1) T-T ceme close to meeting the GFT 2006/30 specifications as
measured on a curve tracer, but not as made by dc methods.,
This may be due to 2 demeged emitter since the greatest
deviations from the specifications occur for the emitier-
quality dependent meesurements. Similarly except for a de
measurement of Iggg, T-7 meets the specifications for the
2N156. It cannot meet the specifications for the 2N158,
neither the collector nor emitter junctions being adequate.

29/

T-8 was out of its class in being compared to the 2E17h.
It clearly was not designed to handle such high voltage,
current, or power, nor even the percentage of these
values that might be deduced from heet sink size. It
stood remarkably well a current greatly in excess of its
rated value. And even after damege which occurred dur-
ing the high Vgopo measurements, it can qualify for the
GFT 2006/60 type on 211 points except for en Igp0 2t
VCEO = 46v which is 7% out of specifications. Prior to
the damage it certainly could have so qualified, and
very possibly as a GFT 2006/90. The unit does not seem
to stand excess power without showing hysteresis effects.

In so far as initial 25°C measurements ere concerned, the
GFT 2006 falls far short of the cgpaebilities of the USA
MIL-T-l9500/l3A type, even when allowance is mzde for heat
sink size, The high voltage units are probzbly narginal
in comparison with the 2N158.

2_9/ T-T was received with the external emitter lead cut off almost completely.

_27..
8-E-C-R-E-T
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-c. Coumon measurements for MCN 15933 and MCH 15934 include the follow-
- ing: o

(1) DC measurements were made of Igpo and Icgy at a low voltage £ 0K
check saturation current; and of Icpo at a typicael low opcre-
tioll point at 25.60C with no heat sink. The results follow:

Unit Vcpo Tepo Vo Icro

MCK 15933 (T-6). 1.0¢  16. pA 1OV 0.5
T 6.0 23..
MoN 15934 (T-7) 1.0 | 7.0 1.0 0.60
6.0 MQ
MCN 15934 (T-8) 1.0  32. 1.0’ 0.60
.. 60 k8. . -

Voltage breakdoim figures were measured next.on the curve
tracer with T-8 on a heat sink at 25°C to 26°C. With 2
resistor. Iimiting pesk ,instantaneous dissipation to 10 w,

there wos a distidet cgnnge in the Voro vs Iewn curve VCEO
érciped from S0v to 30v{approx.) for the sace Ipgp. While

& 21 7k4 should stand Ygpoy 60v, T-8 could mot tolerate 50v.

A recheck of leakage currents at 1ow voltages show a szall
charge as follows (T-25.6 to 25.80C,air ~zbient no heat sink)3C/

Unit . . ¥epo Icpo Yero Icmo
7-8 1.0v- 33pa 1.0v 0.60 MA

6.0v 53pA

@/ Since the 1.0 volt velues are essentizlly unchanged, surface-conditior
changes probably caused the observed effect.

.
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TABLE I 50X1

West Germon Scri-Conductor Devices roughly equivalent to those here designated
as MCH 15932.

Diode Baquivalent
Thunber West German Type Structure

0A95 Ge diode

0A91 Ge diode

QAT3 CGe Point-Contact Diode
OATO Ge Point-Contact Diode
0AT3 Ge Point-Contact Diode
0485 Ge Point-Contact Diode
0481 Ge Point-Contact Diode
0A8T Ge Point-Contact Diode
oA87 Ce Point-Contact Diode
Rone
0AT2 Ge Point-Contact Diode
0AT9 Ge Point-Contact Dicde
13 2/ oA3l | Si Pover Diode Rectifier
ki) Fone Si Wafer Diode

15 None Si Wafer Dicde

16 None Si Wafer Diode

17 None Selenium Dicde (?)
18-21 -

BEBwmaowswn e

Ecuivalent types for the transistors were reported to be CC33, 0C3k, OCkl,
or OCk10, manufactured by Intermetall, Dusseldorf.

2/ Yo diode Fo. 13 was received.

TABLE IT

J4CN 15613-16, Diocdes A-X

Summary of iieasured Forward and Reverse Characteristics
Forwaxrd Characteristics Reverse Characteristics

Measured  Measured teasured Measured
Current Voltage Temp Voltage Current Temp
Diode (ma) (volts) (oc) (volts) (nn) (°c)

MCN 15913 ! 0.1 0.-17 26.4 1.5
R 10 0.97 26.h 10
30 1.65 26.4

c.1 0.16
10 1.15
30 2.10

"

Mo MDD RO

¥CE 1591k 0.I75
1.23
2.35

BRRN NRRY RRNY

.
o o

MCN 15915 26.7
- 26.7
26.7
26.7
26.7
26.7
139.5

S-E-C-R-F-T
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TABLE II
(continued)

Measured Measured Keasured
Current Voltage Tero Voltage Current
Diode (ma) (volts) (oc) (volts) ()

(o]
Q
st

MCKN 15916 G 0.1 0.165 26.6 1.5 3.0
10 1.15 26.6 10 L.5
30 2.28 26.6 €0 30.0

140 %150

<

N BHYY
\O\O ONON \O\D NG\

0.1 0.170 2 1.5 1.5
10 0.93 10 3.0
30 1.72 €0 10.0

136 %300

NRERLPA

TABLE IIX

MCN 15913-16, Diodes A-H

Diode Reverse Recovery Time

N Reverse current in excess of steady stzte vs time.
L]

Conditions: Forword Current 20 ma. Reverse V - 25 v. Loop Resistance = 750 ohrs.

Pxcess Current Excess Current Excess Current TIxcess Current Excess Current
At Peak At 0.1 _usec. At 0.3 psec. At 0.5 pusec. At 1.0 pisec.

MCK 15913

A 5.5 ma 0.8 ma 0.6 ma 0.5 ma wa,

0.3
R " 5.3 0.9 0.5 c.h 0.3

MCF 1591k
Cc
D

MCN 15915
B
F

MCH 15916
el
H

-30-

S-B-C-R-E-T

F.pmas. e e —

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/12/11 : CIA-RDP1-01043R00330180006-6




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/12/11 : CIA-RDP81-01043R003300180006-6

MCN 15913-16, Diodes 4 through H 50X1

Reverse Recovery Measurements: Reverse Current Above Zero vs Time

Conditions: Forward Current = 30 ma, Reverse volts = 35 v, ILoop Resistance = 2500 chms

Current Cuxrent Current Current Time for Current
Diode At Peck At 0.3 sisece At 0.5 aisec. At 3.5 Asec. of 0.5 na.

MCK 15613
A 3.3 ma 1.4 ma 1.1 ma 0.1 ma
B 215 1.0 0.05

MCK 15914
C
D

MCK 15915
F
15916
G
H

OA87 Nominel
Specs. Maximum

Capacitance Vs Voltage §/

Diode Equivelent Specified C Measured C Measured
Number Type Max. C. at V = 0.5V. at V- 25 V.

OAT3 1 puf 1.00 quf 0.60 pwuf
OAT 1 1.10 0.65
OAT3 1 0.70 0.60
0485 1 0.70 0.50
0A81 1 0.55 0.50
0ABT No Spec. 0.70 0.65
0A87 0.60 0.55

10 tlone 0.60 0.hs

;/ Relative velues of measured capacitence are estimated to be accurate to
less than approximately - 0.1 .tuf.

-31-
S-E-C-R-%-T
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TABLE VII
MCN 15932, Diodes 1-12

Reverse Breakdown Voltage

Specified Peak
Equivalent Reverse Voltage Measured Reverse
Type At 2500 Breakdown Voltage 4/

{v) (v}
0A95 115 122
o1 115 135
73 30 151
70 22.5 166
30 95

115 5/

115 13k

90 125

90 138

132

4s 62

None 95

,\_;ES\OOD-\IO\UIF’WI\)I—'

l{-/ A1l diodes except Fo. 12 reached an estimated maximum safe power dissipatbn

T before the slope impedance of the reverse curve became as low as 10,000 ohms.
Breakdown is defined as the voltage at this dissipation: 58 mw for Nos. 1-2,
82 mw for Nos. 3-12. For the exception, breakdown voltage at which slope of
reverse curve is 10X ohm and meximum dissipation isxeached is essentially the
same.

Double valued reverse curve:
Highest voltage curve
Lowest voltage curve
TABLE VIII
MCN 15932, Diodes Nos., 1-12

Diode Reverse Recovery Time

Reverse current in excess of steady state vs time.

Conditions: Forward Current 20 ma. Reverse V=25 v. Loop Resistancea750chms

Excess Current Excess Current Excess Current Excess Current Excess Current
Diode At Pesak At 0.1 usec. At 0.3 umsec. At 0.5 usec. At 1.0 usec.

4.2 ma 0.5 ma 0.4 ma 0.3 ma
3.8 0.4 0.4 0.3
6.1 0.5 0.3

)
v

R
FEEE
.

oD

B EBw o ovwm sw o
DEERWW FW &N
PR Fw =
FOAANANWHKH\OO
[eNeoNoNoNoNoNoRoNeo)
SOL209«
i 1o o o tn
OCo000O0OOOOO0O
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TABLT: X
Capacitance per cm? at 1 KC ()

0.0 v l.2 v 1.5 v 2.0 v 2.3 v

4550 2530 2320 2150 2080
250
480

TABLE XTI

Diode Time After Turn-On

Drift Apparently
Stopped

4 to 5 minutes
4 to 5

5
k.5

TABLE XIT

MCK 15932 "Flet Diodes" Selenium Rectifiers Nos. 1h-21
Break-
10/ Data for 26v Peak Sweep Data for dovm
Forward 37v_Sweep Voltege
Forward Current Forward Reverse Reverse Ratio Reverse Reverse Reverse (10K slope
Current Density Resistance Current Resistance to Forwerd Current Resistance Resist-
At 1.0v at 1.Cv at 1.0v  abt 20v at 20v Resistance at 20v at 20v ance)
Diode _ (ma) (ma/em®) (Kn.)  (pa)9/ (MEeL\) (wa) 9/ _(MEGA,) (volts)

R
51
A7
77
.76
Bl
ol
1.19

20. 5400
6.7 2000
10. 2800
G 3500
10. 4300
20 10000
1.1 460
2.7 1800

-

20 75

13 67
10 61
13 6l
20 66
1.3 7L
1.2 36

.
.

Doowow ©

[

N OHPDND PWE
L] .

AL N eNeoNeoAY, NoReXe)

HOMNDDODWWW
S)\\nl—'l-—'r\)l—*

]

s

2/ Reverse current is average value of hystersis loop.

Q/ Based on estimated area of conduction equal to 0.57.cm2.
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TABLE XIII

COMMON BASE h-PARAMETERS
MCN 15932 T-1 to 5, 9 to 13

Conditions of Measurement: Vop = See Teble, I = 1.0 ma, £ = 1000 cps,Tgéngga

_ 1
Unit Vg h11b holb 2200 (hoop) ~
(vo%‘bs) (ohms) (umho) (megohms)

[
n
o

o
l_l
O
1
=

-1 27.8
T-1 27.7

OTh 1.22 .820
L0718 1.27 787

O\

r—'
oo wmw,m

T-13 27.4
T-13 27.3

979 <710 1.k
982 -#995 1.00

.989 .328
<990 .233

2995 .+308
.995 21k

976 . .105
9TT -291

988 +300
.989 .215

.987 285
.938 .L20k

. .
oo

2540
3ke5

3.5
30.5

te
o

£

e

n
~_\wu oW

v

Foo o

I3

E own
=3

=
il
Lo

>

31l.2
31.0

.

|\
.

3L.2
31.0

.

Fw Wi W
) .

oW

o\

oW
.

30.6
30.8

8
5
3
W
6
0

N N
.

.

N
.
w3 =~ w

31.2
31l.2

.086 .201
.986 .208

«995 .266
«995 *

.988 269
.989 .202

R
3

30.2
30.2

T-12 30.8
T-12 30.1

=B
.

*Unstable; change in mes—ired value oft 0.010 umho. Value initially is 0.285 smho,
drifting to 0.320 umho xn 3 min. at which time drift has ended.
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DESIGN ENGINEERING
GROUP 71

INTRODUCTION

During the quarter the major effort of the Design Engineering Section of Group 71 continued
to be the completion and activation of the ical of the experimental radar Mk I
at Boston Hill.

Other activities included some minor mechanical repair of the AN/FPS-31 radar at Jug
Handle Hill; assistance to Group 76 in design of a 68-foot diameter foamed plastic radome; con-
tinued studies of large, mechanically phased arrays; studies leading to the conversion of Navy
twin 5-inch shipboard gun mounts to land-based precision mounts for large antennas; firming-up

of a test and development program to improve materials and methods for azimuth support of
large rotating antenna systems; some assistance in the maser program; continued work on a
mobile radiometer and servicing varied requests from groups in the Laboratory.

Thesc activities are reported in some detail in the following sections.

EXPERIMENTAL RADAR MK I
A. Introduction

The Division 7 Quarterly Progress Report for 15 July 1958 stated that a full description of
the activities on the experimental radar would not be given until this quarter, because of the in-
tense preoccupation of the reporting personnel with erection problems. In addition to a brief
review of previously reported progress, this report will include all activity through turn-on and
early operation of the radar at Boston Hill.

B. Résumé
As of 31 March 1958, the status of the project was as follows:

(1) Engineering arid design efforts on the reflector, feedhorn and their
supporting structures were nearing completion.

(2) Erection and assembly of ical atop the recently
completed tower roof were well under way The antenna pedestal was
in place, ready for grouting to the roof, after achieving the desired
degrees of roundness, flatness and levelness for it and for the in-
stalled large azimuth bearing.

Planning was under way for structural and deflectional testing under
calculated maximum operational conditions of the spider arms and
reflector at the fabricator's facility.

Fabrication was continuing at a rapid pace. The hub weldment had
arrived at the site from the Watertown Arsenal where all machining
had been completed. The reflector, its backup structure and support
legs, and the spider arms were in the shop. Lofting and tooling for
the feedhorn and its supporting structure had begun as a prelude to
fabrication.

Most of the remaini hanical had been procured and
were at the site awaiting installation.

Unclassified
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C. New Progress

Major efforts were directed toward completion of all engincering on the reflector, feedhorn
and spider assemblies; and toward completion of a component test program to verify the struc-
tural performance of the reflector, its supports, and the spider arms, under simulated maxi-
mum operational loadings.

Other efforts included engincering liaison during fabrication of antenna components at the
vendor's plant, and close supervision of all assembly and crection at the site.

Early in May 1958, the design phase came to a close as drawings of the feedhorn and its
support were completed and delivered to the vendor for component fabrication. As with the other
antenna components, the designs were analyzed for structural rigidity and stress levels under
both operational and survival conditions.

D. Antenna Component Structural Testing

Concurrent with the design and fabrication of the antenna components, plans were made to
undertake a test program at the fabricator's facility to verify the structural analysis and integ-

rity of the various . The tests were performed on a concrete test pad
which also served as part of an assembly jig for the complete reflector on its support legs.
Static loads representing those for maxi operational itions of 5rpm, 1/2 inch
of radial ice, and a wind velocity of 60 mph were applied to the reflector and o a representative

spider arm. Deflections and critical member stress levels were observed and compared with
the values allowed. Also included in this program was an investigation of the main vibrational
characteristics of the reflector and spider arm. A detailed account of this program and the con-
clusions reached may be found in Lincoln Laboratory Engineering Report No.71-47. A brief
description of the tests and summary of the results follows.

Figure 71-1 shows the test pad with the assembled reflector being loaded at panel points
through a cable and pulley system extending from an A-frame truss. Calibrated weights pro-
vided the required loading to simulate the operational condition under test.
©us points on the reflector surface were measured, and stresses in selected
were recorded. TFigure 71-2 shows the 60 strain

Deflections at vari-
truss members
~gage leads running from the reflector to a
©0-gage switching unit and a 2-channel recorder under the reflector rear support leg  The key
results of this test were:

(1) The maximum tensile stress recorded in any strain-gaged member was
2620psi, and the similar maximum compressive strese yas 2500 psi.

(2) The maximum measured deflection at the reflector tip rela;
it
center was approximately 0.9 inch. P relative to the

‘The measured stresses in the test concurred closely with the computed values and indicate that

@ conservatively safe stress level can be anticipated under survival conditions. Furthermore

the deflections fell well within the tolerances allowed for the reflector surface under maximu
m

operatfonal loads.
Although the refleclor was assembled on the test pad, it was also decided to "pluck" the re.

flector tips and record natural frequencies. This was done by 2pplying, and then swiftly releasin
. asing,

Unclassified
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a 1000-1b load at one tip. Vibration pickups and strain gages supplied the informotion from
which natural frequencies were obtained:

(1) The natural frequency of the reflector in a horizontal planc was

(2) The natural frequency in a vertical plane was 6.5 cps.

Experience leads to the conclusion that the above values lic in a band which may safely be ex-
posed to the expected wind environment.

The next test consisted of determining stresses and deflection of the spider arms under the
maximum operational loadings. Since the three arms supporting the reflector are identical,
tests could be performed on any one. Figure 74-3 illustrates the spider test configuration, the
two transits used for observing deflections, and some of the 30 strain gages used for measuring
stress levels in the more critically loaded truss members. Figure 71-4 shows how the loads
were applied. Since the spider must react to horizontal shear and vertical loads frdm the re-
flector, it was necessary to apply the computed loads simultaneously. Hydraulic jacks supplied
the vertical loading and a Dillon dynamometer was used for horizontal loading.

Results of the most critical spider operational loading were:

(1) The maximum recorded tensile stress was 3374 psi and the similar
compressive stress was 2374 psi.
(2) The maximum deflection horizontally or vertically, at the tip of the
spider, was 4/8 inch.
As with the reflector, the test stresses agreed closely with the computed values, indicating a
safe margin even under survival conditions. The deflections were low, as expected, and will
contribute only slightly to reflector deformation under maximum operational conditions.

1. Azimuth Bearing Emplacement

In order that the installed bearing have the greatest chance of reaching computed life, under
full static load the maximum radial and vertical excursions of the inner race shall not exceed
0.006 inch during 360° of rotation, nor shall the average slope in 7.5° exceed 0.001 inch. Despite
the difficulties presented, this requirement must be met because the probability of achieving
computed bearing life falls off rapidly if the noted values are exceeded. For example, the manu-
facturer indicates that an increase in the 7.5° slope will proportionately increase the load on all
balls as they pass this sector. Since bearing computed life varies inversely as the cube of the
load, a reduction to ighth of life b possible by allowing as little as
0.002 inch of slope in 7.5°.

In deference to the foregoing, all factors contributing to the precision of the installed bear~

ing were carefully reviewed, resulting in the following considerations during design, fabrication

and erection:

(a) The tower was configured in heavily reinforced concrete so that a rigid,
stable platform was economically obtained.

(b) The bearing lower housing weldment, or pedestal, was designed for
rigidity and then machined accurately for roundness, flatness and a
close bearing fit. Furthermore, provisions were made to level the
pedestal and correct for roundness at the bearing seat prior to grout-
ing to the tower roof.

Unclassified
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(c) Provisions werc made to orient the bearing in the pedestal as necessary
to compensate for, rather than to reinforce, radial variations between
mating components.

(d) During bearing installation, instrumentation and procedures were
devised to record accurately vertical and radial runouts of the bearing,
correcting as required.

The bearing upper housing weldment, or hub, was also carcfully de-
signed for strength and stiffness, and machined accurately for round-
ness, flatness and fit to the bearing. Furthermore, the configuration
was chosen to accept the varying and concentrated loads from the
antenna system and then to redistribute them as evenly as possible over
the bearing, avoiding loading concentrations. Orientation of the hub
relative to the bearing was made selective in order to favor roundness
and inner race heat-treat gap location. After installation, provisions
Wwere made to record vertical and radial runouts, and make correc-
tions if necessary.

Finally, after the antenna installation was completed, provisions were
made to carefully balance the load on the bearing stafically, and to
again record bearing runouts, correcting if necessary
In the Division 7 Quarterly Progress Report for 15 April 1958 it was reported that the
pedestal and bearing were in place atop the tower, with the pedestal ready for grouting to the
tower roof after achieving desired , flatness and 1 . Figure 71-5 illustrates
the "radius bar" that was used to determine values of these parameters for the bearing seat in

the pedestal, and for the bearing itseif. The var is pivoted at one end for rotation in both hori-
zontal and vertical plancs as the scat and/or bearing are swept through 360° Mounted midway
along the bar was a precision level calibrated to read to 0.0005 inch in 42 inches. By carefully
centering the bubble before each reading of the dial gages at the bearing end of the bar, 1t was
possible to work the level to many times its rated precision. Sweeping the seat or bearing with
the radius-bar precision-level inati

a horizontal reference plane from which
minute deviations were recorded at 7.5° increments along the circumference. Deviations from

true roundness were simultaneously recorded from other dial gages at the bearing end of the bar,

Since it was practically impossible to center the radius bar pivot exactly, the resultant eccen-
tricity was canceled out by a procedure of subtracting the reflected sine curve from rectangular
coordinate plots of roundness

In the process of bolting the outer race of the bearing to the pedestal,one of the bolts seized
and then was sheared off in the process of removal. After replacement and retorquing of all
bolts to the desired value, bearing level readings were taken, resulting 1n the plot shown in
Fig.71-6(a). At the location of the replaced bolt, a spike showed up on the plot.
bolts in this sector was increased from 250 to 450 ft-1b,with the results shown in

Torque on the
Fig.71-6(b).
Increasing the torques in this vicinity
to 1000 ft-1b resultedin the plotof Fig 71-6(c), indicating no further improvement.
the bearing was unbolted and jacked up out of the pedestal seat

The spike remained, although the slopes were reduced.

At this point
At the bolt location in question,
hole in the pedestal. The ridge
\as removed by filing and stoning; the bearing was reinstalled and torqued back up o 450 ft-1p
New level readings were taken with the final results shown in Fig.71-6(d). The total vertical
excursion in 360° was 0.0029 inch with a maximum slope in 7 5° of 0.0009 inch

it was found that a ridge approximately 1/64 inch high ringed the

Unclassified
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The radius bar was next used to check vertical and radial variations of the inner race of the
bearing, with the results shown in Fig.71-7. Both came out well within the prescribed limits.
At this point the radius bar was removed, and the hub was lifted, oriented to favor the bearing
inner race heat-treat gap and lowered into place on the inner race. After bolting and torquing
to 450 ft-1b, indicators were mounted to the pedestal, and radial and vertical runouts were re-
corded as the hub was rotated by hand. The results are shown in Fig. 71-8, and arc remarkably
better than the prescribed values.

When the antenna structure was finally mounted on the hub, vertical and radial mounts of
the inner race were again recorded as the hub was rotated by hand. The results are shown in

Fig.71-9  Although increased in itude over values with the hub alone (Fig. 74-8),
the runouts were still, at most, only half of the allowable limits.

2. Fabrication

In the 6-month period covered by this report, antenna system components were being fabri-
cated on a tight schedule at the General Bronze Corporation plant in Garden City, New York.

The components included reflector pancls, reflector backup truss, reflector support legs, spider
arms, hog-horn feed, inner feedhorn, feed support structure and catwalks.

The 96 reflector panels were fabricated of 69 per cent open, 1.25 inch? perforations on
1.5 inch centers, from 1/8 inch thick aluminum-alloy shect stock, and then spot-welded to
formed-channel aluminum-alloy frames and ribs. Assembled in eight different contour jigs made
from lofted coordinates, the panel surface tolerances were held to within 1/46 inch of true con-
tour. After inspection the panels were iridite treated, primed with zinc chromate, and under-
sized holes were drilled in the mounting flanges for later use as pilot holes in assembly to the
reflector truss mounting brackets.

The reflector truss subassemblies, consisting of vertical and horizontal tubular frames,
diagonal members, upper and lower frame extensions, were fabricated of 6064-T6 aluminum-
alloy tubing gussets, and then welded together in fixtures designed to function later as drill jigs
The top and bottom horizontal frames, which included the chord members and their bolting
flanges, were shipped to Portland Machine Tool Corporation, Portland, Maine, where they were
held on a large planer bed and the flanges faced off by means of an adjustable index milling fix-
ture to provide the necessary mitres between adjacent joints. After shipment back to General
Bronze, holes were drilled in the flanges by means of autopneumatic drills mounted on the drill
Jigs. Dimensional checks were made and recorded for each truss frame. Preliminary assembly
of horizontal top and bottom frames with the two adjacent vertical frames was made for cach full
bay of the reflector truss, using optical tooling to establish squareness while attaching diagonals
and drilling of mating parts. After match-marking, each bay was dismantled, the outboard ver—
tical frame then being used to start the next bay.

After each preassembly had been accomplished in the above manner, including that of the
special center fitting for the rear support (Fig.71-10), the frames were then re-assembled at
the specially prepared test pad located outdoors at the vendor's facility. There, supported on
temporary cribbing, the entire truss was assembled into three sections, mid and two tips
(Fig.71-11), and then checked for over-all dimensional conformity. Shims were provided where

to for ining variations.
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Meanwhile the theee support legs had heen falinweated, the ontboard or forward legs of welded
tubular 6064=T6 nluminum alloy (g, 71=12) and vear support of welded, twhular SAE1020 steel,
The outhoard legs were assembled o the male steel hase fttngs: and the rear support, after
radiographing and some minor corrective rework, w embled with the upper adjustable shim
package and support fittings. “Mhe double elevis base support plate was holted to the outboard
assembly pad and the rear support log base fittings made up to the clevises and pinned 1n place,

As the trass center seetion was ruised by a crane, the SAE4140 rear support saddle and
yokes were clamped Lo the truss as shown in Figs. 71-13 and 71-14, and the outboard legs were
bolted to the truss and pinned to the hase fittings as shown in Fig. 71-15. ‘The outboard sections
were then raised into position and bolted to the center section as shown 1n Figs. 71-16 and 7417,
By means of optical tooling erected on the assembly pad, rectangular coordinates were estab-
lished and piano wires were erceted at each truss station for usc in aligning reflector panels to
the desired contour. This proved to be an efficient, practical and accurate method for this phase
of assembly.

Inorder to simulate the full static deflection of the truss while aligning the piano wires and
then attaching the reflector pancls, six sand bags simulating the weight of the six reflector panels
of cach bay were hung midway between all truss joints, as shown in Fig.71-18. Then, as cach
pancl was installed, one sand bag was removed (Fig. 74-19), resulting in very accurate reflector
surface static conformity. With all panels installed, the cntire surface was checked with the
optical tooling on the pad. The early morning of 26 Junc 1958 was picked because of the occur
vence of a very stable ambient temperature of 68°F as well as an overcast sky, precluding
erroncous readings due to differential expansion over the rather large completed structure.
Maximum contour deviation from the theoretical parabolic cylinder was found to be 1/4 inch.

The various catwalks, ladders and the cable pulling rigs (Fig. 71-20) were installed before
the center-of-gravity, load and vibration tests were made under close direction of Lincoln Labo-
ratory personnel.

Upon conclusion of the test programs, reflectof panels were removed, pilot holes in the
panels and mounting brackets were reamed to full size, and panels were then spr

ay-painted and
crated for shipment, three to a box. The catwalks,

ladders and truss frames were match-

marked, dismantled and loaded on truck trailers for shipment Al steel parts were either
cadmium-plated or primed with zinc chromate prior to shipment to the site where they eventually
received a final coat of protective parnt. )

ALL €061-T6 aluminum-alloy parts, except for reflector

panels, were solvent cleansed and
then shipped w:

thout further fimshing treatment because of the material".

s exceptionally good
long-term weathering characteristics

The spider arm trusses, welded together from 6061

~Té aluminum-alloy tubing and gusset
plates, were confronted

with particularly high-load carrying requirements.
desirable 1o develop higher allowable stresses in critical welded areas.
welded vertical side

To attain this it was
Consequently, the two
frusses for each spider arm were shipped to the nearby Grumman Arrcraft
Engirecring Corporation for heat treatment and aging before assembly with the hori

zontal or top
the spider assemblies

and bottom members to somplete Next the spiders were shipped to
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Botwinik Brothers, Incorporated, near Worcester, for hining of flange joint faces and
template drilling of holes to match those of the flanges on the hub extensions.

Two of the three identical trusses were then shipped directly to the site (Fig. 71-21); the
third was returned to the test pad at Garden City for load, deflection and stress level testing by
Lincoln Laboratory personnel.

The configuration of the hog-horn feed was developed by the Radiation Engincering Labora-
tory, Maynard, Massachusetts, whose staff conducted microwave model studies of the entire
antenna system. Subscquent development of the full-scale structural design called for stiffness
without the use of heavy sections The horn sides were limited to a maximum thickness of
2 inches. The use of high-strength aluminum-alloy sheet for horn side corrugations and the flat
inner skin was able to satisfy the stiffness requirement for relatively little weight.

The detail layout and subassembly work on the hog horn were carried out directly on full-
scale loft lines laid out on a large layout table, permitting close dimensional control of the back
reflecting surface, the sides, side support points and adjusting pivot points. It became neces-
sary to develop special techniques for forming, spot-welding, straightening and riveting of the
large, stiff side panels, particularly in the region of the transition sections on cither side of the
lower aperture area. These sections, which reduce the inside width of the hog horn from
25 inches to 17-1/2 inches, required development of tapering standoffs for support of the inner
skin from the corrugated side pancls. Subassembly drilling and use of blind rivets for fastening
made possible the required assembly. Because the valleys between corrugations were only
1 inch wide, special right-angle pneumatic drill heads and expansion devices were employed in
corrugation splice and standoff member assembly development.

The dielectric window covering the vertical aperture was fabricated of /8 inch thick silicone-
fiberglass laminate, the apertures at the top and bottom of the horn consisted of similar material
with the thickness increased to 1/2 inch. The horn upper-side supports, pivot arms and adjust-
ing mechanism were welded up of aluminum-alloy tubing and sheet stock, after which preassembly
was accomplished.

The horn support spider arm, consisting of five welded aluminum-alloy tubular truss mod-
ules, was shipped to the Portland Machine Tool Company for chord flange machining after fab-
rication, andthen returned to the General Bronze facility for assembly to the hog horn and upper
supports  Alignment and radial positioning of the horn was accurately established, shims were
provided and holes for mounting on the hub extensions were template drilled. This procedure
proved to be both practical and expedient as confirmed by later experience during site erection.
Shipment of the horn and its upper supports was by flat-bed trailer as shown in Fig.71-22, and
the spider arm came on another low-bed trailer with other components.

The inner feedhorn, designed from information also provided by the Radiation Engineering
Laboratory, consisted of three box sections of rectangular cross section having 1/4 inch thick
sides of aluminum-alloy plate. The throat area contained two parabolic ridges into which a tun-
ing line was inserted The inner horn aperture was covered with a 1/16 inch thick silicone-
fiberglass window and the other end was flanged for waveguide attachment. Upon completion the
horn was shipped to Radiation Engineering Laboratory for installation of special irises and ridges
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prior to final electrical matching with the hog horn at the site. Mounting brackets were provided
for adjusting and securing it in position within the hog horn.

Some of the final items of the antenna system to be fabricated were the ladders, catwalks,
CAA obstruction light supports and the IFF support provisions. All support spiders were fur-
nished with catwalks extending from the hub to the tips for access to reflector and horn mounting
and adjusting provisions. A center ladder was provided for access from the hub to the midheight
reflector catwalk and the IFF access catwalk. At the outboard tips of the main catwalk, ladders
extended up to the top of the reflector where small platforms were installed for obstruction light
for most of these items at the

access and icing. Trial pr was
General Bronze plant before their shipment to the site, with final components arriving during
the first week in August.

3. Study of Wind-Induced Vibrations
During erection of the reflector backup truss at the vendor's plant, an investigation into the

effect of wind toward inducing vibration in slender exposed tubular members similar to those
used throughout the reflector backup structure was being carried on  The investigation was
primarily an analytical one supported by some wind tunnel testing. The resull was determination
of eritical wind velocitics, at the level of vortex shedding, for all members in the reflector truss
in the operational regime of the antenna up to 130 mph. In addition, the maximum theoretical
vibration-induced stresses in critical truss members werc analytically computed. Most impor-
tantly, the various methods of best suppressing vibrations in the critical members were con-
sidered and evaluated. A full description of this investigation may be found in Lincoln Laboratory
Engineering Report No.75-2 dated 15 August 1958. A brief summary of the conclusions follows:

(a) The developed charts indicate that it is possible for most of the truss

members to set up some form of vibration in the zero to 130-mph wind
range.

(b) The stresses in the vibrating members can, in time, exceed the fatigue
limits of the material However, fatigue failurc is dependent on a great
many (or else extremely long duration steady state) applications of the
critical velocity for each member. In the actual environment this could
take forever, but action should be considered for members having vory
low critical velocities.

Methods of suppressing vibrations by increasing member cross sections
or by shortening lengths were considered impractical but a recommen.
dation to increase stiffness in a very simple fashion was made and adopted.

The method employed and installed before erection on top of the tower is illustrated in
Fig.71-23. Simple V-shaped, light-weight tubes were fabricated to clamp together the diagonal
of each lower horizontal truss at its midpont to the lower diagonals of the front and back vertical
K-frames at their midpoints. This was done for the second, third, fourth and fifth bays from
each tip and at the top as well as at the bottom of the main truss. By serving as column breaks
for the members in question, the critical ranges were changed to new ones either. outside of the
survival limit, or in ranges where long fatigue life can be expected in the installed wind environ-
ment.

Lincoln Laboratory Engincering Report No.75-3 dated 19 August 1958 discussed the pre-
liminary wind tunnel investigation into wind-induced vibrations on slender tubular members
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The most significant finding was that use of simple spirally wound spoilers on critical members
may prove effective in removing affected members from the critical ranges of vibration ampli-
tude and low fatigue life. Studies will continue to further verify this approach as to its effective-
ness relative to that now in use on the reflector.

As the antenna stands, its structural rigidity and integrity in the present environment, up
to survival limits, arc believed to be at least fairly well confirmed analytically. Operational

experience of some duration is required for further confirmation.

4. Ercction and Assembly at Boston Hill
As summarized earlier in this report, the erection and assembly of components at the site

had progressed to the point of grouting the pedestal to the tower roof. Grouting was readily
accomplished and after curing, the roundness, levelness and race runouts of the bearing as well
as the eccentricity of the large gear cut on the inner bearing race were once again checked and
the results recorded:

(a) The bearing radial and vertical excursions remained as illustrated

in Fig. 71-7.

(b) The maximum tilt of the bearing from a true horizontal planc was
0.015 inch in 160 inches.

(c) The eccentricity of the bull gear pitch diameter was found to total
00093 inch.

With these measurements considered satisfactory, the four drive pinions, which had been
preassembled in their pillow block supports, were mounted onto the pads on the pedestal inner
wall as shown in Fig 71-24. By means of adjusting shims between the pillow blocks and the
mounting pads, each pinion was adjusted and temporarily secured with a minimum tooth clear-
ance of 0.006 inch when the bull gear was rotated to the position of tightest gear mesh with that
pinion. Couplings were then installed between the shaft end of the drive pinions and the right-
angle speed reducers, with shaft alignment made good to 0.002 inch. The reducers were then
secured to their foundations.

The next operation in the erection schedule was installation of the 42,000-1b hub onto the
bearing inner race, and the preparations made were:

(a) Three centering guides, shown in Fig.71-24, were first installed in
the pedestal.

(b) Two accurately machined and ground guide pins were mounted 180°
apart, protruding from inner race mounting bolt holes approximately
8 inches. These would provide the precision centering as the hub
approached the bearing.

Eight 35-ton hydraulic jacks were placed on the pedestal jack pads to

use for fine control of the last few inches of lowering the hub into the

bearing.
The hub was than rigged and clevated by the roof-top derrick to a height about 5 feet off the
ground. The bearing engagement surfaces were cleaned and the load was leveled and balanced
as shown in Fig 74-25. The lift began and the hub is shown arriving at the roof level in
Fig.71-26. The derrick was then boomed in and the hub positioned over the rough guides, as
sllustrated in Fig. 74-27, whichalso shows the jacks and one guide pin in place. At this position
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it was necessary to orient the hub a certain way over the bearing before lowering for the follow-
ing reasons:
(a) The bore of the bearing inner race and the hub pilot diameter were to
be matched in such a way as to minimize or compensate for detail out-
of-roundness.
(b} Proper orientation also permitted the reflector loads transmitted
through the hub to be applicd to the bearing inner race so that its heat-
treat gap is always on or very close to the neutral axis for tilting.

After achieving the desired hub orientation, the hub was lowered to partial engagement with
the guide pins, at which time the load was transferred from the derrick to the eight hydraulic
jacks. From this stage on,the jacks were carefully operated to lower the hub evenly and slowly
over the guide pins onto the bearing, as shown in Fig.71-28. With the hub home the 48 bolts
attaching it to the inner race of the bearing were torqued to 450 ft-1b. The radial and vertical
runouts of the manually rotated inner race were recorded and are illustrated in Fig. 71-8. The

values were far better than required, so erection to this point was considered eminently successful.

Next the 18-foot long torque tube, used for support and rotation of the upper half of the RF
rotary joint, was lifted and set in place supported by the hub.

The rotary joint and slip-ring assembly were then installed as shown in Fig 74-29 The
joint was secured after runout between the stationary and rotating portions was reduced to
0.003 inch. The basket truss shown is used to support the stationary half of the joint. The syn-
chro data gear box, previously assembled to the rotary joint, can also be seen in Fig.71-29.

While the rotary joint installation was being made, the four drive motors were raised and
lowered into position on their foundations on the roof outside the pedestal. The motor shafts were
then aligned with the speed reducer input shafts to within 0 002 inch, after which the couplings
were installed. The motor brake assemblies were installed and aligned with the extended motor
shafts

The bearing lubricating system, consisting of a topside spraying system and a lower collect-
Ing system was now installed. The spraying system, some of which is shown in Fig.71-30, con-
sists of a circulating positive displacement pump of 7- to 11-gpm capacity, a 4-way valve for
selection of either of two 5-micron filters, a Shur-Flo valve to throttle down the oil flow, and a
spray ring (not shown) around the top gap between the bearing inner and outer races. Oil is sup-
plied from a sump built into the pedestal outboard of the two filters. The collecting system,
partly illustrated in Fig.71-31, consists of a scavenger pump, two electromagnetic filters for re-
moval of any magnetic material particles showing up in the oil, a 4-way valve for selection of
either filter, and a collecting trough to catch oil dripping from the bearing before 1ts recycling.

The hurricane or survival rail, fabricated by Bethlehem Steel from a heavy-duty flat-topped

crane rail section, was shipped to the site early in May and its installation was begun immediately.

The rail was placed in position (Fig. 71-32) on small A-frames stabilized by welding to the steel
reinforcing rods protruding from the roof. The holes in the sole plates welded to the bottom of
the rail sections served as a template to locate the supporting anchor bolts  With the rail in posi-
tion, it was checked for roundness and flatness by the device shown in Fig 74-33, an arm sup-
ported by and rotated with the hub. Concentricity with the azimuth bearing was achieved by
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adjusting the rail inboard by use of turnbuckles (Fig.71-33) and outboard by means of jacks.
Leveling nuts on the anchor bolts under the sole plates were used to achieve the level adjustment.
The rail was made level to within 1/32 inch and concentric, for its complete circumference,
within 1/8 inch. Next, forms were placed and the concrete parapet, enclosing the rail anchor
bolts, was poured. After curing, the forms were removed and the rail position and accuracy
were rechecked. No change from the former values was noted. Figure 71-34 is an acrial view
of the tower and roof-top details at this stage of erection.

The auxiliary lubrication system was next installed. This system provides azimuth bearing
lubrication even in the event of power failure and becomes necessary if high winds tend to drive
the antenna. Two aircraft emergency ram-air-driven hydraulic pumps supplied by Acroproducts
supply the oil pressure, one mounted diagonally opposite the other on the roof corners outside
the parapet, as shown in Fig 71-35. Flow begins at wind speeds in the vicinity of 30 mph, and if
one pump is blanketed from the wind the other will do the job. Hydraulic lines from these pumps
are routed 1nto the pedestal where they tie into the regular lubrication system. However, when
the auxiliary system is operating, the normal circulating and scavenger pumps, as well as their
valves and filters, are all bypassed to spray the bearing directly, after which the drippings are
collected and returned to the sump by gravity. The system is simple, reliable, provides extra
bearing protection, and eliminates the complexity of auxiliary power packages and associated
involved wiring and switching.

During the first week in July erection of the spider arms was accomplished. Lifts were
made with a 25-ton, 130-foot boom truck crane. Figure 74-36 shows a reflector spider on the
way, and Fig.74-37 shows the same spider suspended in final position while the special very-
high-strength bolts were installed, sccuring it to the hub extensions. High-strength self-locking
nuts were used and special preload indicating washers permitted accurate torquing of all
bolts. The remaining reflector spiders were similarly installed, until all three were 1n place on
the hub (Fig.71-38).

Next, the two survival locks were assembled and mounted on each spider arm (Fig.74-39).
The locks were positioned to provide, when opened, a minimum clearance of 1/2 inch with the
survival rail, which by now had been grouted to the parapet. The 1/2 inch was calculated to pro-
vide rail clearance despite spider operational deflections. Interlock switches on the locks pre-
vent antenna rotation unless each lock is fully open.

The installation of the reflector was begun by centering a transit on the hub to measure the
variations and alignment of the mounting pads on each spider, first without load and then with
loads simulating the static reflector weight. Dimensions between predrilled mounting holes in
the pads on each spider were checked by means of a calibrated steel tape. These were checked
against the values determined during initial assembly at General Bronze. Variations were slight
enough to require no readjustment. It was also determined that the reflector when mounted would
come within 1/8 inch of its theoretical position from the center of rotation and be level to within
1/32 inch in 120 feet of span. Figure 71-38 illustrates the two opposite spiders under simulated
loads for determination of the shim requirements necessary to provide a common plane for mount-
ing of the rear and outboard support legs. Shim thicknesses varied from 1/16 to 1/4 inch.
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Beginning the week of 15 July 1958, reflector trusses were assembled on the ground in three
sections for ease of handling and for minimizing roof-top assembly. Figure 71-40 shows the
bare center section truss assembly and one of the outboard truss and pancl assemblies. Panels
were left off the center section during lifting because the safc handling capacity of the 35-ton,
160-foot boom crawler crane would be strained at the boom angle required during placement.

On 28 July 1958 with the survival locks engaged, the reflector rear support leg was raised
into position on the aft spider arm as shown in Figs.71-41 and 71-42. A jury strut held the sup-
port in position until the center section was installed. The shim package on the rear leg was
adjusted to accept the center section in an untilted position. Figure 71-43 shows all the topside
componentry ready to accept the center section.

On 8 August the stripped center section, weighing 16,800 1b, was hfted (Fig.71-44), amid
rain, wind and electrical activity, onto the rear support and spiders (Fig 71-45), and secured
by bolting (Fig.71-46). With the centér section in place, the two reflector tips (Fig.71-47) were
readied for erection. The right tip was raised first, as shown in Figs.71-48 and 71-49. With
the crane holding the tip in position, attachment to the center section by bolting was accomplished
as shown in Fig 71-50. This procedure was repeated with the left-hand tip.

Next, the center section panels were installed (Figs.71-51, 52 and 53). The panels fitted
into place, and bolts slipped easily into the predrilled holes, so no adjusting was found necessary
at the site.

With the reflector now assembled as a section of a cylinder in a vertical position, its curva-
ture and contour were next subjected to checks of their conformity with the theoretical values and
for later accurate relative positioning of the feedhorn. The checks were performed by projecting
selected discrete points along the contour onto a level rectangular coordinate grid system which
had previously been laid out on the ground to a precision of 1 part in 50,000. The grid was
220.000 by 462.405 feet with its origin of axes at the projected center of rotation of the antenna.
The projected points were then compared with theoretical values. The actual measurements
were obtained as follows:

(a) The vertical piano wires which were used for contour control during

preliminary reflector assembly at Garden City were reinstalled on the
erected reflector.

(b) Two theodolites, accurate to one second of arc, were stationed along
the grid base lines at the coordinates of each point to be checked. The
coordinates were projected to their rectangular intersection which was
then marked on a copper plate mounted on a 4 X 4-inch beam driven into
the ground.

With the theodoltes still at the coordinate base lines, lines of sight
were taken along the selected piano wire and projected down onto the
copper plates. For each wire the process was repeate

c c d until all pro-
Jjected values were available for comparison with theor b

etical values.
The maximum recorded deviation from the true parabola was found to be just under 1/4 inch
and this occurred at one point only, with the majority of check

points found to be less than
1/8 inch off.

While the reflector was being erected, pattern measurements were being taken of the feed-

horn assembly lying flat on a wooden fixture on the ground (Fig 71-54). Upon completion of
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these tests, which confirmed relationship of the inner feedhorn to the hog horn, the entire

y was further with its supporting structure onto its spider arm and prepared
for lifting (Fig. 74-55). The assembly, which weighed approximately 8000 b, was raised off the
ground, carefully leveled and then hoisted to roof level (Fig.71-56) for final installation. Prior
to final attachment of the horn assembly, shims were attached to the hub extension to locate the
axis of the feedhorn relative to the centerline of the reflector. The shim thicknesses were com-
plited from the reflector support location as determined at General Bronze, and from the mount-
ing hole locations on the spider assembly on top of the tower. With the crane steadying the load,
the horn spider was made fast to the hub, using the same type of high-strength fasteners as for
the other spiders.

The horn location was checked for precision by use again of the rectangular coordinate grid
systein and the theodolites. For some reason that was unaccountable, although all other dimen-
sions were in almost exact agreement with theoretical values, the distance from the reflector
was off by one inch. Even though the correction could then have been made through use of the
provisions made in the design, because theoretical location was not precisely known, it was de-
cided to wait for the results of pattern measurements before position correction was attempted.
Figure 71-57 shows the feedhorn installed.

With the reflector and feedhorn in place and now tilted to the desired angles, one important
final operation was carried out. A counterweight totaling 1400 1b was installed at the base of
the rear support leg, bringing the entire rotating mass as close to static balance as possible.
This was another in the long list of requirements established to favor load distribution on the
azimuth bearing.

In Fig.71-58 the waveguide run from the hatch on the hub to the feedhorn may be traced.
Careful examination will reveal two flexible sections inserted to accommodate detail misalignment
and/or differential expansion. A 4-step, 90° transition may also be noted. Figure 71-59 is a
view showing the waveguide path up through the torque tube toward the hub hatch. Figure 74-29
shows the waveguide coming up to the stationary half of the rotary joint, and Fig.71-60 shows
the location of the RF switch on the sixth floor of the tower, with one run into a dummy load and
the other upward toward the rotary joint The lower run is from the transmitter on the floor
below

Simultaneous with all of the foregoing installation, the operator's control panels for the
master drive system and the data-recording equipment was installed on the fourth floor, as shown
in Fig.71-61. The drive system panels contain controls not only for the antenna drive switch
gear, but also for:

(a) An interlock system to interrupt antenna rotation for protection of personnel

thoughtlessly passing through hatches into areas of moving machinery or
equipment,
(b) Another interlock system preventing mechanical operation of the antenna

before bearing lubrication is turned on, or before all survival locks are
released,

An RF interlock normally de-energizing the antenna when rotation is stopped
and additionally an RF shutoff key that may be taken with personnel on their
way to topside areas of possible radiation exposure,
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{d) A selector switch for activating any of three remote stations for antenna
rotation control,

(e} Antenna rotational speed and azimuth position indicators,
Wind velocity and direction indicators,

{g) An antenna revolutions counter and a meter for recording accumulated
hours of antenna rotation.

Figure 74-62 shows a typical remote control station, this one inside the antenna support
pedestal. For further personnel protection, this remote station cannot be operated before
selecting it at the master panel, removing the locking key therefrom, and using this key to acti-
vate this remote station. The other remote stations are at the receiver and the transmitter.

Power control and instrument wiring was another activity that transpired while the foregoing
phases were completed.

The point was reached where the antenna was in place,
stalled, and only checkout remained before mechanical turn
Was checked out by dropping the drive pinion couplings,
direction of rotation,

the drive system was completely in-

on of the system. The drive system

energizing the motors and then checking:

motor voltages at the master panel, voltages at the motor terminals and

over-all steadiness. Where necessary, adjusting and trimming were accomplished, and then .
~1b of torque each when applied. The bearing lubrication Fig.71-1. Over-all view of static load test on reflector with Eu“ey and weight

i Inch ice and antenna
X o ‘ imule imum operational loads of 60 mph, 1/2 inch ice an

system was checked out, the open lube greasing of the bull gear and pinions was completed, and system :'Q;’g;ﬁ'“‘;:;f‘:';‘s Fonducted on 1, 2 and 3 July 1958

the pinions were recoupled.

the motor brakes were set to hold 450 ft.

5. Powered Mechanical Operation
On 19 August the antenna was rotated under

power for the first time. Control was from the
remote station inside the Ppedestal and s

peed was limited to 1 rpm to permi
tion of bearing runouts, bearing lubricati
tooth contact.

At this speed,

rose to and stayed at only 4°C over ambient
and better than 75 per cent tooth contact wa,
Wwas found to be dragging during this run, h
now operational, except for some additiona
exposed steel components.

ring oil temperature
+ there was but slight hunting of the motor voltages,
S observed between bull gear and pinions. One brake

1 cleanup and completion of painting of the tower and
completed over the next 2-week period, and Figs.71-63,
© system as it appeared near the close of the quarter.
med by a myriad of various tasks while the as-yet-

Divisions 4 and 7 in efforts to discover and compare
ected

The latter was
74-64 and 71-65 show several aspects of th

The short period remaining was consy
limited running time was being shareq by
operational characteristics with those exp

" Details of early operational experience and
preliminary findings from the system

's instrumentation should be available in the next quarter

S.J. Acquaviva  M.A. Brown (Group 75)
g.é. Eolmo J. B. Paddleford (Group 75) i

-G Knowles  J.N. Scott (Group 75 i in gege wiring fermincting
Cif, Bnoule 1%, Seott (Gmug 75; Fig. 71-2. Reflector rear support leg showing strain gag
DA Repbie at instrument panel.
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Fig.71-3. toad test being performed on a typical reflector spider arm to measure

deflections andstresses in the critically loaded members. Instrument panel to meas=

ure stresses in the truss members is seen in the background, with transits set up in
i

Fig. 71-5. Radius bar in operation during runout measurements of bearing. Indicator is set
three locations to de i Test was d don17 and 18 June 1958.

up to read radial deviations of bearing.
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ANGULAR POSITION OF BEARING IN PEDESTAL.
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160° 200 507
Fig. 71-4. Close-up view of loading with Dillon dynamometer opplying ’ A SO Cay e e
simulated horizontal wind force and hydraulic jacks applying the resulting

over{)urmng wind moment; strain gages are visible on the critically loaded Fig. 71-6(a-d). Vertical excursion of bearing outer race after bolting to pedestal.
members .
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MAXIMUM SLOPE =0.0005 INCH/7 ¥z

20" oo Ty
ANGULAR POSITION OF BEARING

TOTAL EXCURSION = 00043 INCH
WAXIMUM SLOPE = 0 0009 INCH/7 s Fig. 71-9(a-b). Bearing excursions rotating inner race after assembling spider
13 arms, reflector, feedhorn support, feedhorn and counterweights. Complete
rotating assembly on bearing.
Fig. 71-7(a-b). Bearing excursions with radial arm sweep after bearing was assembled
to pedestal with hold-down bolts torqued to 450 ft-lb.

VERTICAL EXCURSION

3200
ANGULAR ROTATION OF INNER RACE

TOTAL EXCURSION =0.0012 INCH

MAXIMUM SLOPE =0.0003 INCH/7Y;"
(o)

RADIAL EXCURSION

H
&
H
3
H
H

ANGULAR ROTATION OF INNER RACE

TOTAL EXCURSION = 0.0016 INCH \
MAXIMUM SLOPE = 0.0005 INCH/7Y;" £
(b) “pa2t 194

Fig. 71-8(a-b). Bearing excursions rotating inner race after assembling hub to bearing

with hold=down bolts forqued 10 450 f-b. Fig. 71-10. Rear support fitting shown assembled with chordand vertical frame

members of reflector truss. Note strain-gage leads and their protective covers
on tubular members.
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Fig. 71-11. Subassemblies of center and two end sections of reflector truss.
Rear support leg being raised into position prior to lifting center section.

Fig. 71-12. One of front support legs tack-welded during fabrication.
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Fig.71-13. Center section of reflector truss held by crane while attaching rear
supﬁor' saddle yokes to the truss. Rigging jury strut also in place, forming tripod
with rear support leg.

Fig. 71-14. Rear support fitting shown made up with yokes bolted to saddle..
Steel cables are temporary rigging.
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Fig. 71-18. Attaching sandbags to front of each bay to simulate weights of

feiag foclited o lihe cemter section panels to be installed.
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Fig.71-15. Front support leg bolted in place, showing bxce
pod. Rear support leg in bockground bayond smidar are st mrey,

Fig. 71-18. Attaching sondbags to front of each bay to simulate weights of
panels to be installed.

Fig.71-16. Left tipsection of reflector truss being bolted to the center section
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Fig. 71-19. Installin I . . . . . .
; . 9 panels on reflector truss. Alignment ith o Fig.71-21. Spider support arm loaded upside down, showing holes in mounting
wires and opticel fealine: ignment was made with piano flanges, and brackets for survival locks. ’
1@ |
%

Fig. 71-20. Completed
Fom snfocs. A oot

or screen surface sho

used o check confour ull rigs for static load test, and optical ronring being Fig.71-22. Hog horn, upper supports, rear support and pivot arms as shipped

from the fabricator required special road escorts because of 15-foot width.

Wing piano wire clips projecting
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Fig.71-23. Reflector tips in place, indicating method of suppressing
wind-induced vibration in truss member of three outboard bays of fe-

flector truss. Fourth set was not installed until board platforms were
removed.

|
|
R
!

Fig. 71-25. The hub weldment, which weighs 42,000 Ib, is balanced
and tagged prior to lifting to the tower roof.

Fig. 71-24. Two of the four

spur bull gear, Also shown is one of the four reducers coupled to its
pinion shaft.

power pinions meshing with the infernal

| Fig. 71-26. Hub arriving at tower roof, with the boom of the derrick
i ready to swing it in over the pedestal .
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Fig. 71-28. One of the guide
it was finally lowered i

pilot diameter of the hub
or installation.

Fig.71-27. Hub being lowered by the derrick onto the light jacks in
place on the pedestal jacking pads. Guides con be sean 1t place for
centering the hub on the way down. Also seen in the foreground is
ane of the two guide pins used for precision guiding of fhe ey onto
the bearing.

pins accurately locating the hub before
nto the bearing by the jacks, one of which e

The arrowss show a chatter mork on the bearing
- This in no woy affected the bearing quality

e seen being operated.
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Fig. 71-29. The RF rotary joint with the waveguide on its way down to the

transmitter .

Fig. 71-30. The delivery side of the circulating
oil lubrication system, including a gear pump, a
solenoid operated selector valve, a filter bank,
float swi'cﬁes and a level gage.

31

The slip ring and synchro data box assembly are also shown.

Fig.71-31. The return side of the lubrication
system which includes a suction pump, a solenoid
operated selector valve and a bank of electro—
magnetic filters.
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* Fig. 71-32. Installation of survival rail
anchor bolts suspended from the rail sle

showing A-frames supporting the rail, Fig.71-34. Aerial view of tower and roof taken after the concrete parapet
from tower roof. 8

plates and reinforcing rods protruding was poured, and showing status of project on 23 May 1958.

Fig. 71-35. One of the air~driven hydraulic pumps
used in the auxiliary lubrication system. A wind
vane is attached to the assembly to bring the pro-
peller into the wind at all times. Hydraulic rotary
joints on the top and bottom accommodate the flow
to and from the pump.

Fig. 71-33. Checking concentrici

Turnbuckle is baing P ty of survival rail with respect to the bearing.

ed fo round out this portion of the rail ,
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Fig.71-38. The three reflector spider arms are
shown here assembled to the hub. The right- and
left-hand spiders were under a load deflector test
at the time.

Fig.71-36. One of the reflector spider arms in transit to the tower roof,

Fig, 71-37. A refl i i
with special high-&i’ﬁéﬁ"ﬁﬁi’;,‘”’“ in the process of assembly fo the hub

Fig.71-39. One of the hurricane locks just after attachment to a reflector spider arm.
Also visible are two of the drive motors and one of two air-driven hydraulic pumps.
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Fig. 71-42. Another view of the rear
i support leg installation, showing the jury
! strut attached to the hub, and the shim
package and saddle in place to accept
the reflector.

Fig. 71-40. Ground assembly completed on

trus, ready for [1ting o the fower rear, 1 ¢ 001> center section of the reflector

[N

Fig. 71-43. The tower roof ready to accept
the center section of the reflector truss, shown
in the foreground. Also visible is the 35-ton
crawler crane in position for lifting the truss.

Fig. 71-41. Installation
assembly for the reflector.
in place until assembly of

of rhs: 4800-Ib steel, adjustable
A jury strut is used to hold th
enter section of reflector trus

+ rear support leg
e rear support leg
s is installed.
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Fig.71-44. The center section of the reflector truss in transit to the tower roof.
A 160~foot boom vras required to allow for enough drift when booming the load in

Fig. 71-46. Installing special high-
over the tower. Also visible are two tag lines to stabilize the truss during the lift.

strength bolts at attach
outboard support legs fo spider arms. cttachment of reflector

A

Fig. 71-45. Center section immediately after landing on the hub. Crew is in the
process of securing the structure before final bolting operation.

Fig. 71-47. Preparing one of the full

Hoy ity broparn y assembled 8000-1b reflecror tips

ation to center section.
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Fig.71-50. Ground view of the reflector tip
during emplacement. Three tag lines, shown
here, were necessary to stabilize the structure
during the lifting operations and emplacement.

Fig.71-48. A reflectortip in transit to the t
roof via the 160-ft 35-ton crawler crane. over

et
tips, showing the other tip

Fig. 71-51. View from one of the reflector
bled and the installation of the ining reflector panels.

Fig.71-49. The reflector tip bei i
T men areshtsching i o'the conerconen” P B the crane while
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Fig. 71-52. Twelve of the 48 I
71-52. £ ) .
reuired to sl il 48 ponel o he same e ey A" Ploce.Totl time
opproximately 100 Ib each, were ol § fare 155 ond e 2 dops. Poncls weighed Fig. 71-54. Pattern measurement being token on the feedh bl
S Lo T o bt o e oo bty T
\ ass dielectric aper-
ture covering. The horn was testedin a horizontal position for ease of handling.

Fig.71-55. The feedhorn andspider assembly in position off the ground being
. PEeg-1ss balanced and leveled prior to lifting to the tower roof. The entire assembly
weighed approximately 8000 Ib.
Fig. 71-53,

Ground view i
showing over-qll operation during installation of reflector panels
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Fig. 71-56. The feedhorn assembly,

e orn as after arrival on the roof, bei Fig. 71-58. Completed antenna assembly. Waveguide is shown coming up
by the crane while specal high-sirangth belts are incralled o atiock o JEorie

through the torque tube hatch and connected to the feedhorn.
e hub.

Fig. 71-57. Installed feedhorn
57, Ins assembly, showin
waveguide within the sp; . showing
for access, 1 rroer orm end the catualk Fig. 71-59. Looking up the forque tube from the rofary foint, showing wave~
aokde going through torque tube hatch and ladder for access between pedestol
and outside top of hub.

Unclassified

Unclassified

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/12/11 : CIA-RDP81-01043R003300180006-6



oved for Release @ 50-Yr 2013/12/11 : CIA-RDP81-01043R00330018000!

Unclassified Unclassified

GROUP 71 3 GROUP 71

Fig. 71-60. Sixth floor in the tower, showing waveguide being fed down
from rotary joint into an RF switch. In the background is the dummy load
used to absorb RF energy when the antenna is not being energized.

Fig. 71-62. Remote control station, located in the pedestal, from which the
antenna canbe operated. Panel contains speedand angular position indicators
as well as slow-fast and forward-reverse controls.

Fig. 71-61. Main control panel for operating the antenna. The two cabinets
| . ol

of recording equipment will be used to ly record wind data, power N Fig.71-63. Completed tower roof, showing motors and brakes, survival rail

consumption, strain gage readings, angular speed, azimuth position and vibra- and locks, as well os auxliary air-driven lubrication pump. Tower and equip-

tions af the reflector tip. ment were painted white to minimize the effects of heating due to the sun.
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II. MINOR REPAIR TO THE AN/FPS-31 RADAR AZIMUTH BEARING

On 17 and 18 September 1958, a minor repair operation was concluded on the azimuth
bearing of the FPS-31 radar at Jug Handle Hill. It will be recalled that the subject bearing
is the same one that was reactivated in Janaury 1957 after partial repair of extensive race
damage, and of the ball The new damage consisted of a spalled area

about 5/8 inch® located at the 340° position on the upper race of the inner bearing ring, and was

believed to have resulted from growth of some microscopic subsurface damage remaining after
the original repair operation. It was first noticed during the week of 11 August and study of
photographs taken on 18 and 27 August and 9 September revealed the extent of damage but
indicated no appreciable growth between photographs.

Nevertheless, it was decided to attempt repair as soon as preparations could be made, re-
sulting in shutdown from noon 17 September through the evening of 18 September. The repair
operation, performed by Laboratory personnel, followed closely that of 5 August 1957, which
was reported in the Division 7 Quarterly Progress Report for 15 October 1957, with the follow-
ing exceptions:

(a) An S.S. White right angle "A" hand piece was used to reach the damaged

area more readily.

Fig. 71-64. Aerial vi i
9. 71-64. Aerial view of antenna and tower showin . § (b) A single mirror was used to view the work area instead of the rather
g a rear view of the reflector 7

complicated multiple mirror and borescope setup required for the earlier
repair to the outer race

A complete visual inspection of the bearing at this time revealed no further new damage to
races or balls, and particularly no change to the spot repaired in August 1957.

The newly repaired spot will be inspected frequently to observe the success of the operation
Figures 71-66 and 74-67 show the affected area before and after the repair was accomplished

(P69 153 Fig. 71-66. Enlarged view (opproximately 3X) Fig.71-67. Enlarged view (approximately 3X)
of upper race on inner rotating bearing ring prior of same area as in Fig.71-66 after repair was
to repair, showing spalled area. completed, on 17 September 1958, by relieving
spalledarea withgrinding wheels on dental drills.
Shadow to left is one of the 2-inch balls.

Fig. 71-65. Aerial vi
erial view of completed antenna and tower during operation at 5
rpm.
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TWO FEED HORN ARRAYS
ARE OUTSIDE OF RECEIVED
M

FEED HORN SUPPORT
TOWER (OUTSIDE OF
FECEIVED BEAM )

FEED HORN
BOOMS

REFLECTOR
RECEIVED BEAMS (ARC LENGTH

545’

ORIVE COMPONENTS
LOCATED UNDERGROUND

Fig. 71-69. Three-boom vertical feed array.
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A representative of the bearing manufacturer (Kaydon Engincering) was present and witnessed
the entire operation.

At shutdown on 17 September the azimuth bearing had operated for 3224 hours and 959,987
revolutions since reinstallation in January 1957 As the quarter closed, accumulated hours
stood at 3278, an increase of 313 hours since conclusion of the preceding quarter.

D.A. Regillo

l—pou!ssvlsun—

IV. LARGE MECHANICALLY PHASED-ARRAY SURVEILLANCE RADAR

A feasibility study for the design and constriction of a phased-array radar was compiled in
cooperation with Group 31 (Special Radar Systems). The Division 7 Quarterly Progress Report
for 15 July 1958 explained several preliminary design concepts that were studied in arriving at

the arrangement described in that report. This ar (Fig.71-68) provided a cylindrical
reflector of 60~foot radius and a length of 85 feet The chordal length was 90 feet. Rotating on
a 30-foot radius about the horizontal axis of this reflector were four feedhorn booms spaced

90° apart. The booms were 60 feet long and the rotating array was supported from two towers

60 feet high and spaced 140 feet apart Although this arrangement appeared feasible, as shown
in the report, it was felt that the coverage of 70° 1n elevation and 45° in azimuth, as well as the
range, could be greatly improved by further study.

Data supplied by Group 31 for phased-array systems of various frequencies provided the
basis for several additional design investigations. Although each design was primarily the same
arrangement as described above, the physical size tended toward extremely large proportions,
a typical configuration's being a 4-boom array rotating on a 71-foot radius, with each boom
94 feet long. The reflector was 194 feet long with a 148-foot radius. Distance between tower
supports had increased to 294 feet. This arrangement proposed a rotational speed of 3.75 rpm.

Investigations were also made of several single-boom configurations that varied in size up
to the point where the boom became 293 feet long and traveled along an arc of 240-foot radius.
The reflector was 549 feet long with a 461-foot radius of curvature. Vertical height of the re-
flector was approximately 504 feet.

These large horizontal axis types of arrays did not appear too feasible from many points of
view It was at this stage that an investigation of the feasibility of a vertical axis array was
initiated. The arrangement now under study (Fig.71-69) proposes a reflector of 300-foot radius
(arc length of 776 feet) and approximately 260 feet in height. About the vertical axis of the re-
flector and on a 150-foot radius, an array of three vertical horn towers will rotate, 150 feet
high and spaced 120° apart, at a speed of 1 rpm. The three towers will be supported by a tri-
angular or other suitably shaped spider connected to a central hub. The hub will be mounted on
a roller bearing on the order of 30 to 40 feet in diameter. A torque tube connected to the hub
and passing through the bearing will provide the means for transmitting the driving force through
a 20-foot diameter bull gear to the rotating assembly. Suitable motors, gear reductions and
pinions will provide the necessary power to actuate the array. All components below the top
spider level will be located below ground level in an effort to attain minimum blockage.
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A vertic wi
' al array has the following advantages over a h
tions:

izontal array of equivalent propor-

(a)

(b} Less power is required to rotate the array,
(e) Minimum blockage is achieved,

Greater azimuth coverage is available,

(d) Lack of towers to support array,

(e) Lack of a long cent
Blockage oo central shaft necessary to keep support towers out of

(f) Location of drive c
high on a tower,

omponents at or below ground level, rather than
() Smaller vertical height of reflector is required
(h) Rotational speed demand is lowered.
It is evident from the above statements that a st
efforts are being expended to study the design i
istic feasibility and cost proposal.

udy of this type of array is worthwhile. Presently
1 more detail in preparation for submitting a real-

E.A. Davidson

V. COMMUNICATION AND RADAR TRACKING ANTENNAS

For some time, sever: oups in th boratory have ted the T greater preci-
time, several groy, the Laboratory have indicated th, need for greater prec:

N @ extensively used in the radar and commun-
poon sescarch i general, requirements for such mounts have slowly evolved from ex-
iverse research programs, but they were found adaptable to correlation int
n into

sion in servo-controlled antenna mounts that might b
ication research fields.

@ preliminary set of specifications that satisfy a br
In brief, these requirements encompass the design
power and structural strength to carry parabolic re
or even larger diameter, and an associated control
motely initiated signal directive.

of a controllable antenna mount that has the
flectors ranging in size from 28 to 60-feet
system that allows for any conceivable ro-

Ordnance plant at Pocatello, Idaho.
condition, and several more are on order for future use

Internal Publications e Burcau of
e » O.P. 805 and 0.P. 1101, Structurally, the basic .
8hs about 25 tons stripped of superfluous armg e ot s oo mount

lor i
and equipment, and each of its trunnions is
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designed to withstand a 92,000-1b recoil from a gunfire salvo. The servodrive on the gun mount
is a Waterbury A-B hydraulic drive with a fixed-stroke hydraulic motor on each axis, including
a movable stroke hydraulic pump driven by a constant-speed electric motor and inertia disk.
This is the same type of servo system (with its intervening years of improvement since the

Mk 32 gun mount was designed) which has been chosen by RCA for the BMEWS tracking antennas.
Some salient characteristics of the gun mount servo are:

Maximum speed of "B" end motor 900 rpm
Maximum speed of elevation axis 15° /second
Elevation beam ratio 360/1
Maximum normal torque at "B" end 300 ft-1b (1140 psi)

Maximum torque at blowoff on relief
nd

valve at "R" e 400 ft-1b (1525 psi)

Masximum normal torque on elevation
axis 108,000 ft-1b

Moment of inertia of DS Kennedy 60-foot 4 7 X 10° f12-1b
dish in elevation (without conterweights)

Maximum angular acceleration of dish >
in elevation 40°/second

Maximum wind torque on 60-foot solid
dish at worst angle and 30-mph wind 72,000 ft-1b

If the extra stabilizing effects of the inertia disk on the electric drive motor is neglected
and the output torque is limited by the steady-state horsepower of the electric motor, ‘then the
graph shown in Fig.74-70 can be drawn.

Notice that the inertia disk can naturally provide assistance for short-term-load torque
impulses. Also, a higher horscpower electric motor can be inserted to operate the antenna in
high winds, since the hydraulic lines can take a continuous 108,000 ft-1b torque load at 1140 ps1

pressure Compa: performance figures on the azimuth drive are:

Electric motor 40 hp
Speed of "B" end 0 to 900 rpm

Gear ratio 216/1

Maximum azimuth rate 250/second

1400 ft-1b (at 1780 psi)
1800 ft-1b (at 1900 psi)

Maximum normal "B" end torque

Maximum overload torque
These figures show that the Mk 32 mount has more than ample power to move a 60-foot parabolic
dish. A major consideration, however, is the smoothness of tracking with the gun mount servos.
This gun mount has been used as a commanded-position unit and experiments will be carried out
to determune the characteristics of the gun mount when used in an automatic and tracking servo
loop.

Design programs on control consoles, structural modifications and supporting reinforced
concrete {owers at various operational sites had been under way for some time, pending arrival
of the gun mounts from the Navy A future quarterly progress report will describe these activi-
ties in more detail. In order to expedite the complete backup antenna program, the antenna
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300,000
HYPERBOLIC LIMITATION
IN POWER OF 10H.P
ELECTRIC MOTOR

250,000

200,000

TORQUE (ft-1b)

150,000

100,000

SPEED (sec.)

Fig. 71-70. Elevation power capability of Mk 32 5-inch, 38-caliber gun mount.

tracking frame has been under analysis and design by Group 75 (Construction Engineering),
and pertinent details are reported herewith.

The design of the antenna support for the Mk 32 gun mount has been evolved with two major
considerations: (1) the support should be capable of attaching either a 28-foot or a 60-foot
parabolic dish, and (2) the antenna support should be readily mounted on the available gun slides
with no structural modification to the gun mount. Structural studies have shown that both of
these requirements are attainable.

One major problem in using the twin 5-inch mounts as trackers is that of supporting the re-
flectors. The plan is to strip the mounts of all elevating gear except the gun slides. Barrels,
rammers and other items will have to be removed. The antenna support structure is being de-

signed to attach to the slides. In arriving at this design, several requirements were established:

(2) The gun slides, which are open steel plate boxes, must be stiffened to
carry the antenna loads.

(b) The antenna is to be supported at four coplaner points. The structure
must maintain the plane surface under loading without assistance from
the reflector structure.

(c) The slide stiffening members are to be of steel to eliminate thermal
distortion of the slides, trunnions and bearings in the gun mounts.
The support structure is to be made of 6064-T6 aluminum. This will
reduce the total inertia of the moving assembly and eliminate thermal
distortions between the reflector and support structure
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The aluminum members are designed to an allowable stress of 10,000 psi
in bending, under loads applied by winds of 120 mpl!

(f) The support structure is designed as a space frame with integral out-
rigger supports: this permits these members to contribute to the
over-all structure stiffness.

(g) No provision is made in thedesign to resistindependent operation of the

gun slides. The design of the mount is such that independent operation
is not possible.

The design is currently in progress. J.E. Picardi
P. Stetson (Group 75)

VI. SUPPORT AND ROTATION OF LARGE ANTENNA SYSTEMS

During this quarter, the study of large antenna systems continucd and the following informa-
tion was obtained.

A program to determine the amount of retained austenite in one-inch-diameter bearing balls
subjected to normal and alternate metallurgical treatment has been initiated. Retained austenite
in bearing materials is undesirable for several reasons:

(a) Plastic flow of the stressed material causes retained austenite to
decompose into untempered martensite, a hard, brittle composition.

(b) Retained austenite transforms to martensite on aging at room tem-
perature, with similar effects and dimensional instability due to an
accompanying volume increase.

(c) Low temperatures in service also cause decomposition of retained
austenite with high local stresses and again the resultant dimensional
instability.

The program consists of the following phases:
(a) Measure retained austenite and hardness on the surface of nine
standard one-inch SAE 52100 bearing balls,

(b) A repetitive refrigerate-bake cycle for three of the balls,
A 450°F temper to three of the balls,
No treatment to remaining three balls, which will serve as the controls,

(c) All balls then ground through an equatorial plane,
(d) Retained austenite and hardness then to be measured as a function of
distance along the radius.
A comparison of the average amount of retained austenite in each type of ball will help to con-
firm the effect of heat treatment on the amount.

It is evident that the rolling element bearing may be approaching the upper limit of fabrica-
tion capability; therefore, it is imperative that other methods of supporting and rotating large
antenna systems be investigated.

A proposal on a preliminary program for the design and evaluation of fluid bearing types
for large antennas has been formulated. The proposed program would contain:

A. Survey

(1) To determine where effort is being spent on similar work, thereby
preventing repetition.
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. : aser from
(2) To establish such fact bearing loads, ant ize, environmental Fig.71-72, and uses X-band stainless steel waveguide to insulate the body of the maser fro
© establish such factors as bearing loads, antenna size, environmental

; ity wi in liqud helium and the por-
conditions, drive and control requirements, manufacturing requirements, 4 room temperature at the mounting flange. The cavity will be tested i ! q 0 el wnd e per
life and similar factors related to bearing design. tion of the encrgy path in the magnetic field is to be filled with sintered ruby.

at the bottom of the assembly are for tuning the four of the cavity. An exploded view of the
t t ing r arms of the cavity. A de
cation Aspects

cavity may be scen in Fig.71-73. A.M. Rich
A comprehensive digital computer and analog field plotter solution to determine hydrostatic

pad and bearing configurations will be conducted. Data from this work will be presented in the
form of design curves. Hydrodynamic effects may be superimposed on the hydrostatic bearings

due to the relative motion of the bearing parts, turbulence and other factors, which will be in- L
cluded in the computer solutions.

C. Structural Aspects

In the design of large hydrostatic bearings, the structural relationship of the bearing parts i
to the lubricating film is of the utmost importance. Where film thicknesses of 5 mils are con- i
sidered, large structural deflections have a significant effect on load-carrying capacity and per- H
formance of the bearing. The mating-bearing surface can be designed to match when in the ]
loaded position, so that the bearing film thickness is relatively constant. The more complex :
bearing configurations will be analyzed through the use of computers. :

It is also essential that the metallurgical aspects of rolling element bearings be studied for
achievement of greater load capacity,

ORF

life and reliability. A program of study toward this end !
has been formulated and would start out as follows:

Examine a series of specially treated 52100 steel balls, and balls of other metals such as

| M2, M50 and 440 C modified. An attempt will be made to instigate catastrophic failure with

250,
CED

these balls in a small 4-ball test machine, by running them at extremely heavy loads and at low
temperatures. In addition, measurements of load-life relations will be used in an attempt to
establish more reliable values of AFBMA load-life formula constants. It is anticipated that these
measurements will be tied in with parallel measurements on large-size balls to determine the
relationship that might possibly exist between data developed on small bearings and data for
larger units.

Fig. 71-71. Magnet for L-band traveling-wave meser.  Fig. 71-72. Position of moser cavity in magnetic field.
ig. 71-71.

A part of the program would be devoted to the design and manufacture of a 4-ball tester
which will handle large specimens. The machine would be capable of examining test balls from
: 2 to 8 inches in diameter. An additional phase of the program would comprise:
(1) Placing the 4-ball unit into operation,

(2) Determining those loads which will result in

catastrophic failure for
various materials,

(3) A cursory determination of the effect of lubricant on ball failures.

S.J. Acquaviva

VI. MASER PROGRAM

In the past, several different maser cavities have been designed and fabricated for Group 37.
Currently an L-band traveling-wave maser has been constructed, together with a magnet which
has 6 X 30-inch pole faces, as shown in Fig.74-71 .
is 8 feet.

The equivalent length of the maser cavity
The maser is shown assembled and positioned between the magnetic pole faces in

loded vi
I maser view).

Fig. 71-73. L-band traveling
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VII. MOBILE RADIOMETER PROJECT

The mobile radiometer project reported in the Division 7 Quarterly Progress Report for
15 April 1958 for use in calendar has fallen short due to other pressing programs. Work is
progressing, however, at a slow but steady pace. The inside of the 25-foot Fruehoff trailer has
been completely insulated and shielded, with 4-inch fiberglass mats used for the insulation and
0.060-inch copper sheet providing the shielding. The latter is expected to eliminate all external
noise, and as the receiver is designed to use any one of several maser cavitics, internal noisc
from the electronic equipment will also be held to a minimum. All racks housed in the trailer
will be of the Emco console type. The trailer will be air conditioned for equipment temperature
control.

As the progress now indicates, completion of the trailer and its associated equipment will
be in the Spring of 1959. A.M. Rich,
IX. MICROWAVE INTERFEROMETER

During this quarter a rather successful test of the microwave interferometer linear
measuring system was completed at the subcontractor's facility. Although the device has been
tested on previous ions, rep ility was not sati y. This difficulty was traced to
physical instability of the target position. Wind tended to move the target to constantly new posi-
tions on successive readings. The new test was conducted in a dead calm with all physical di-
mensions remaining steady.

As shown in Fig.71-74, the microwave horn at X-band, a ferrite circulator, two 10-db
couplers, a ferrite isolator and a crystal detector were mounted on a moveable, calibrated plat-
form which in reality was a milling machine bed fastened to an antenna pedestal. The assembly
could be moved in 0.004-inch increments  Below the pedestal was located a rack containing an
ultrastable oscillator, a transfer oscillator, an electronic counter, a tuned audio amplifier and
a phase-sensitive null detector. Outside the rack were the audio oscillator and modulator. Ap-
proximately 60 feet away on a wooden tower the neon-glow package containing four NE-2 bulbs
was mounted as the target.

The neon bulbs were modulated by the modulator and audio oscillator.
from the neon target followed a path through the ferrite circulator,
and the phase-sensitive null detector.

The signal reflected
crystal detector amplifier
Frequency was measured with a Hewlett-Packard counter
reading to six places, permitting measurement of the distance from source to target to what
proved to be an accuracy of 0.001 inch.

The next step will be to better package the equipment for taking static and dynamic measure-
ment of iarge antennas out in the field. Among other things, it will be necessary to gimbal-
mount the horn in order to aim it at various targets which may be placed anywhere on an antenna.
Of primary importance is accurately locating the measuring reference plane in the horn and then
correlating it to the antenna focal point.

A.M. Rich
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Fig. 71-74. Circuit for operational test of

X. DATA GENERATOR FOR THE AN/FPS-70 RADAR

In this quarter the ALRI (airborne long-range inputs) program was used to evaluate data
furnished by the airborne 1024 change pulse generator, previously provided b?' Group .71 After
favorable experience was realized with this unit, a second was requested for installation on
another airplane which suddenly became available. Seven days after the request was received
the new unit was delivered. -

The initial components for the 1024 generator were constructed utilizing an existing rack
from a radalarm OA-1003/APS-70. This necessitated using an existing gear box which r.educed
the synchro-motor speed of 207.2X to 1X. An additional gear train was then ({eslgned to increase
the speed from 1X to 64X. Although the modified units performed satisfactorily, a request was
1 models. As shown in Figs.71-75

received for a unit affecting impr over the experim :
and 74-76, the new unit now reduces the 207.2X shaft of the selsyn to 1X, making use of the gear

train reduction to drive a 16-tooth wheel at 64X. This results in 1024 azimuth pulses per revo-
lution of the antenna, but since the true north reference tooth is on the same wheel, 64 north

pulses are generated. Since only one pulse is required, a short time interval switch which re-

mains closed for two degrees at 1X allows only one north pulse through. These prototype units,
Fig.71-77 will replace the experimental models. .

Meanwhile, a contract has been let to construct a combination ground coincidence detector
and azimuth north data generator. This unit will be servo-controlled to follow the compass under

development by the contractor. A. M. Rich
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Pa3t-101

P231-102
Fig. 71-77. 1024 data generator for APS-70 radar.

XI. CPN-18 FGD GENERATOR

Because of the success achieved i providing data gencrators for the FPS-3, FPS-20, FPS-8,
FPS-6B, SP-1-M, FPS-14 and FPS-70, Group 74 was requested to furnish an FGD generator for
the CPN-18. This umit, as in past finc gran generators, utilizes the magnetic ficld interceptor
theory originally incorporated into units for the FPS-3 radar sets. Since an azimuth generator
was onhand, only a mount and gear train had to be provided. ‘The Nnished umt mounts on the side
of the pedestal and engages the gear which drives the orginal equpment data generators.  The
reason for the change in design was that these vadars did not have a 4096 pulse output, which

became nccessary for Laboratory sites.
A.M. Rich

Fig.71-76. Gear train which red
wheel and To 1 for the autosyn ond safoh, 2 °) 1T 10 64 for data generating
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INTRODUCTION
Group 73 normally reports its activitics in Division 7's Internal Progress Report. The
such topics as work load efforts,

report is designed for internal distribution, and it discusses
al interest, and other items that are of interest primarily to

trends in work loads, jobs of specis

Laboratory personnel.
The group's work in fabricating and assembling printed wiring cards has often required the
development of special devices to facilitate production. The following article describes the

development of an interesting device for aligning eyelets prior to their assembly into printed

EYELET ALIGNER

wiring boards.

1. EYELET ALIGNER

The production of printed wiring boards requires eyelets with lengths greater than their
m since the feed mechanisms of conventional eyelet hoppers
i-swaging method of ing eye-

~type eyelet aligner was

diameters. This presents a proble:
will not accept these longer eyelets. Thus, the manual h
lets had to be used. To elimnate this time-consuming operation, a new

* designed and put into operation to allow automatic insertion of long eyelets.
The conventional eyclet aligner consists of a rotary brush with bristle tufts set radially from

ylindrical housing or hopper assembled on a raceway. This type of
greater than the

a hub and contained ina ¢
ctively performs its functions so long as the diameter of an eyelet is

the perimeter of the eyelet flange.
diameter of 0.100 inch, a flange diameter of 0.155 inch

feeder effe
length and the center of gravity falls within

However, with an eyelet having a body
and a total length of 0.406 inch, the chance of an eyelet being ejected into the raceway with the

conventional brush feed is about one in 10,000.
An approach to this problem was to provide po:

at the exit to the raceway. The eyelet could only b
bracket and its body at 90° to that plane.

sitive positioning and ejection for the eyelet
e allowed to approach the exit with its flange
At any other position

%
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in contact with the surface of the
the eyelet would be rejected and returned to the bulk eyelet mass.
It had been observed that eyelets of this category tend to assume

zontal. Thus, the elements of a cone moving

positions parallel to each

Fig. 73-1.

other when allowed to revolve on a plane in the hori
this requirement if these elements are allowed to

or rotating below the axis of an eyelet satisfies
come into the horizontal at some place in its cycle.
In Fig. 73-1 (Fig. 1), H is a surfaced bracket,

attached to the surface of the bracket, and K is a rotor m:
gn them. One or more slots are provided along this

he slot passes through the horizontal plane, the lowest point that
L is a housing or a cylindrical hopper to accept bulk eyelets.

sitioning of the eyelet. It has radial motion in

and is spring-loaded by N against the inside

f the rotor by the fixed cam J.

I is a raceway, J isa fixed cam, i.e.,

achined to provide a storage for bulk

eyelets as well as a conical surface to alj
surface to accept eyelets when t

an element of the cone passes.
M is a control device which provides positive po;

the slot or slots machined in the conical surface

wall of the housing. It is drawn toward the hub or the center o
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At A (Fig. 1) the part M starts to be drawn toward the center of the rotor by means of the
cam J. This action provides space for an eyelet body between M and the side wall of the hous-
ing. In the following 45° of travel of the rotor, any eyelet (as indicated in Fig. 2) will have taken
a position with the flange against the surface of the bracket, and the body will be at 90° to that
plane. Again, any eyelet that may have been picked up in the slot with the flange toward the cen-
ter is rejected and returned to the bulk by the sharp shoulder on part M as shown at B (Fig. 3)
and again at C (Fig. 4). The eyelet is ejected into the raceway (Fig. 5) as M is released by the

cam J and is actuated by the spring load N.
‘ CONSTRUCTION ENGINEERING

In Fig. 6, O is a device which tends to assist aligning eyelets, on the surface of the cone,
1t is like a miter or bevel gear with tooth sections greatly enlarged and

The tooth sections are flexible, complying to misaligned GROUP 75
This part has motion; it rotates on the stud

parallel to each other.
conforming to the plane of the cone.
eyelets that may fall onto the surface of the cone.
that supports it, yet it does not contact the surface of the rotor.

R.D. Thompson .
THERIAULT, W. J., Leader
MOORE, D. C., Assistant Leader

BROWN, M. L
CLARKE, E. L.
GAUDETTE, E. P.
GECHIJIAN, H. G.
JORDAN, McC.*
PADDLEFORD, J. B.
SCOTT, J. N.
STETSON, P.
WEAVER, W., Jr*

[

*Summer staff.
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1. GENERAL OPERATIONS

Group effort during the past quarter has been concentrated mainly on preparation of designs
and specifications for several additions to the Millstone Hill complex in Westford, Massachusetts,
certain modifications to the Laboratory, special system studies, and preliminary structural and
electrical work toward adapting surplus Navy twin 5-inch 38-caliber gun mounts to use as sup-
ports for tracking antennas, in conjunction with Group .

1. MILLSTONE HILL SITE WORK

The Millstone Hill complex includes the AICBM radar and prototype AN/FRC-47 communica-
Lions sites. The radar worlk in particular 1s being expanded to provide assistance in the Interna-
tional Geophysical Year satellite programs and other missile-detection studies. This expansion
Wil 1nvolve a number of additions to the present site, including an extension to the existing radar

site building, more air-conditioned lab y space, increased hone facilities, an auxiliary
tower for a beacon antenna, and a change in the access road system to provide a safe intersection
with the Lowell-Groton road. Also, a second tower will be constructed to mount an additional

tracking antenna for other studies.

A. Building Extension

The present stage of development of the Millstone Hill radar requires the close cooperation
of personnel interested in radar transmitters, radar receivers, computers, auroral studies and
other fields. This work has developed to the point \where additional laboratory and office space
{s essential for efficient operation. The new addition, 2 Wing 50 feet wide by 80 feet long, will
include space for the CG 24 computer, now temporarily installed in the existing building, areas
for computer mamtenance and auxihary facilities, a general laboratory area, laboratory space

for use with the high-voltage test ring, and additional office space-

1. Design

The new wing will have a rigid frame structure, with corrugated metal siding to match the
existing building. The floor, as before, will be 2 concrete slab on grade. The arca under the
computer and its awxihary equpment will be a pit to permit easy installation of air-handling
ducts and power and signal cabling. In addition, this type of installation provides for possible

changes 1 equipment layout or interconnection.

2. Shielding

The complete floor area of the building extension will be shielded with 2 metallic screen

placed in the concrete floor, and bonded to the building structure. The interior fimsh of the
_foil-backed gypsum board, vath aluminum screening providing electri-

Ths foil layer will provide a sec-

building will be aluminum
cal continuity through mechanical connections at the joints.

ondary layer of shielding behind the exterior metal walls of the building. The computer area will
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be further screened by bronze wire screening on the walls and ceiling, with all joints soldered.
This screen will be connected to the building ground at a single point to prevent internal current
loops.

3. Electrical Power

Power will be furnished at 120/208 volts 3-phase wye through a spare circuit breaker in the
main switchgear. Power cables will be run through an existing spare conduit to the new wing,
and then through a new conduit in the attic area to a distribution panelboard in the new general
laboratory area. This panelboard will handle lighting and general laboratory power. Power for
the computer will be taken from an existing panclboard modified to handle the new current re-
quirement. Power for mechanical equipment will come from spare breakers in the existing
mechanical power distribution panelboards. Fluorescent lighting fixtures will match those in the
existing building; lighting intensity will be about 35 foot-candies,

4. Heating

In selecting the type of heating system to be used, consideration was first given to an

additional load. Also, scveral new conden-
sate pumps and additional condensate piping would be needed.

use a hot-water generator with boiler steam as the heat source
through finned-pipe radiation along the perimeter walls, The existing boiler has sufficient ca-
pacity for this additional load, and space is available for the hot-water generator in the boiler

F and outside temperature of —10°F, g building

Instead, the system selected wil]
» and circulating this water

room. Based on an interior temperature of 75°
heat loss of 300,000 Btu/hour was calculated an

d a heat exchanger having a capacity of
350,000 Btu/hour was selected.

The pneumatic temperature control system will be extended to

Incorporate the new wing, with separate thermostats and multizone control to allow for differing

heat loads in the various areas.
5. Air Conditioning

The relocation of the CG 24 computer necessitates the ext
conditioning system. In addition to the computer,
cooled air, general area cooling 1s required to a The com-
puter load will be handled by the existing multizone air-handling unit through new ducts run 1n

the equipment pit and up into the computer cabinets. The awliary load will be handled by a new

air-handling unit installed in the attic area, using the existing refrigeration system as cooling
medium.

ension of the present air-
» Which is to be cooled by a direct induction of
ccommodate the auxiliary equipment.

6. Progress

Design has been completed, proposals received and a requisition written. An order will be
placed and construction started in October, and work should be completed early in 1959,

E.L. Clarke

H.G. Gechijian

J.B. Paddléford
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B. Propagation Study Laboratory Air Conditioning

The Propagation Study Laboratory area in the existing radar site building at Millslone' Hill
has an extremely high concentration of electronic equipment which requires cool and relahv.cly
constant ambient temperatures to insure component reliability and extend the life of the cquip-
ment. The total sensible heat loss from the electronic equipment is about 14 kw. Occupation, .
lighting and building losses are considerably less. In order to obtain the large amount of sensﬂ.:le
cooling required, a unit having a ratio of sensible to total cooling of approximalel?’ 99 per ?enslxs
required. This is a very high ratio, and no standard package unit with lhis. capacn.).' is available.
To expedite delivery and permit more flexibility of use, a package unit having a ratio of 65 per
cent and sufficient additional capacity to handle the total sensible heat load is preferable. )

Tests showed that the existing refrigeration compressor had ample capacity to handle thxs.
additional load. A standard air-handling unit with direct expansion coil was therefore lcc.alet? in
the room with refrigerant lines extending through the wall into the equipment room and tying into

isti frigerant suction and liquid lines.

e el:::?:fe:pefature control is maintained through use of a thermostat operating a Vrvefr%geram
solenoid valve. A pneumatic pressure selector was installed in the existing air-conditioning sys-

i r or ion.
tem to permit a call from any ling thermostat to start comp: operatior

H.G. Gechijian

C. Telephone Room

Expansion of operations and staff at Millstone Hill will require additional telephone facilities.
The existing system can only handle some twenty extensions and will be inadequate for the new
extension. It is to be replaced by a 740-E PBX system, with,2-digit dialing and a capacity of
about 80 extensions. ) ) ) i

The telephone company requires a dust-free room 10 ft%, 8 feet clear height, with tempera
ture control and convenient access. With a critical space situation already existing in the main
building, it was decided that the telephone room would be built in the storage area over the
entrance lobby. This location involves problems of floor strength and access which required
solution. R o

The existing storage area was designed for a live load of 60 lb/ft”. This will be doubled
by adding new floor joists. The new room will be of frame construction, with gypsum-board wall

y X
iling fini ile floor.
and ceiling finish, and an asphalt ti . ) N

Personnel access to the room will be provided by a pull-down stairway located in the ceiling
of the east-west corridor and just outside the new room. Equipment will be moved in through the
storage area from the main bay. ) o

Tghe required temperature control will be provided by a new duct connecting to the existing
air-conditioning system. ‘ )

Fluorescent lights will be used, with an intensity of 35 foot-candles. The fixtures will be
mounted to give maximum head room. Power receptacles will be provided for test equipment

o . . . . N -
and tools; these receptacles will be controlled by a switch with pilot light located near the door
A.n’e pty 3/4-inch EMT conduit will be provided to existing cold water piping for use in
way. m) -
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running the system grounding conductor. A 4-inch? screen-cover wireway will be run from the

existing telephone equipment to the new room to carry the new cables,

Design of this room is complete, and requests for proposals have been issued. Work should

be completed during the next quarter. E.L. Clarke
E. P. Gaudette
H.G. Gechijian

D. Beacon Antenna Tower
Recent emphasis on International Geophysical Year satellite work has required use of the
84-foot reflector with an auxiliary dipole antenna at 108 Mceps for monitoring of satellite telem-
etry signals. However, no adequate location has been available for permanent installation of a
beacon transmitter to test alignment of this dipole antenna.
In order to provide a permanent sup,

port for the necessary beacon antennas required for
calibrating the reflector, a 180-foot hi,

€h guyed tower will be constructed near the communica~
tions site, approximately 1600 feet from the radar tower.

place the beacon antenna location approximately even with
due to the slope of the ground.
The tower will have a trian,

The tower height is necessary to
he centerline of the radar reflector,

gular cross section 15 inches on a side,
levels. The site is on a hillside with extensive led,
guy anchors will therefore consist of studs an
tower is scheduled for October 1958,

and be guyed at four
ge outcroppings. The tower foundation and
d eyebolts grouted into the ledge. Erection of the

D. C. Moore

E. Access Road Extension
The original road construction consisted of a paved roadway

18 feet wide and approximately
08 mile long, running from the "Millstone Hill Roag

near the Westford-Groton town line.

and almost beyond repair.
a blind curve over the crest of the hill. This makes the intersection completely blind for a
vehicle trying to gain access to the State highway.
The situation was examined by engineers from the State Highway Department,
tives of the Board of Selectmen of Wes,

Lincoln Laboratory.

representa-
tford, and personnel from Division 1 and Gre

oup 75 at
It was found that the combination of the narrow,

» winding town road and

The design of the road extension is complete.

Following a preliminary traverse between
the two roads to obtain necessary gra,

de data, a roadway centerline was selected
section with Route 40 given primary consideration. This intersection will be located about
155 feet west of the Westford-Groton town line at a point where sight distances of about 500 feet

are possible. The alignment is such that the access road will not require any additional land-
taking.

, with the inter-

Subsoil explorations were made to deter

mine depth of peat in a marsh area along the road-
\way centerline. These showed that the peat

\was not excessively deep, and could be removed
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ily by common excavating methods. The roadway profile was established at a grade that
casily

1d reduce the quantity of ledge excavation to a mmnimum and thus substantially reduce the
wou

ion ti f the road.

cost and construction time of ‘ '

Plans and specifications have been completed. It is hoped that construction can start during
the next quarter. 3.B. Paddlsford

F. Tracking Antenna Tower

Groups 71 (Design Enginecring) and 75 (Construction Engineering) are currently working on
o i tenna
ystem of modifying surplus Navy twin 5-inch 28-caliber gun mounts nto tracking anf
a s;
mounts and drives. This work will be reported by Group 71. i This metataton
. . . is i
i "gun-mount tracker" will be at Millstone Hill.
One early installation of a "gun | This installasion
will be used for several different projects, supporting antennas up to 60 feet in meter.
i iame g
mount will be supported on a cylindrical concrete tower 35 feet high and 12 feet n ometer.
10 feet below ground level, an
i f a reinforced concrete mat
The tower foundation consists of evel, and
i d level. The walls of the tower
i ding from the mat to groun,
triangular buttresses exten : . e il
foot thick, with pipe sleeves and structural inserts provided at convenient locatiol - 0};{ .
, su|
internal platforms, ladders and cables. A concrete slab at the rear of the tower wi ;;;
howze. . ill be gained by a
house containing the electrical controls for the gun-mount drives. Access{\vl Y dg ey 2
single door in the front of the tower and by ladders on the inside wall. An inverte gut ount
ifi n mount.
stand will be cast in the top of the tower to provide support for the modified gu o
. X oo
installation will minimize alignment and machining problems 1n placing the.m ranieal eaviv-
ment. The area surrounding the tower will be graded and fenced for security. In g N
. i i tower.
electronic equipment will be housed 1in trailers parked adjacent tof'.he o stormer bank
3-phase delta from a new
i ill be furnished at 480 volts . !
e it e The power cables will be run underground in conduit from

to be added to the existing substation. This

weatherproof outdoor switchgear to the electrical control house at the rear of the tower.
ouse, of frame construction, will contain the motor-starting contactors for the gun-mount
in g ! ; gu
house,
rives and transf T Wi 120 volts 3-phase delta and 120/208 volts 3-phase
r at ts !
d ormers to provide powe; '

wye for the electronic A second underg

ata cables to the radar uildin, ing grounds will connect to the existing grous
and data cables to th dar site building. Lightning grounds will t to thy ) d
The design has been completed, proposals received and a purchase requisition written
a. L

E.L. Clarke
E. P. Gaudette

Construction is scheduled to start in October 1958.

Because of ch: ograms and development of new equipment, the various
T )
b . . ' s .
f changes in Laboratory pr nent e
tory units are continually being modified. These modifications include a revision of air-
aborato:

- uter.
conditioning requirements for the FSQ-7 (XD-1) comp
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A.  Addition to Air-Conditioning System, FSQ-7 (XD-1) Computer

The replacement of the original 642 plane memory with a 2562 plane memory and auxiliary
mes required modification of the air-conditioning system. The original memory required
2 dual temperature supply consisting of air at a variable 60°F + 2° for the vacuum tubes plus
air ata constant 75°F for the magnetic core arrays. The new memory requires only a supply
of constant temperature air. The original specification from IBM was for a source of 60°F air,
based primarily on the availability of this temperature at SAGE production sites. Since the actual
requirement 15 that the equipment be maintained at a constant temperature, the system for the -
XD-1 was designed on the basis of furnishing a supply of air at 56°F to make the best use of ex-
1sting equipment.

An air-handiing unit consisting of chilled-water cooling coil, fan and high-efficiency filter
was installed at ceiling level in the basement of Building F. Preconditioned air 1s obtained from
the ﬂir—hand]ing unit furnishmg air to the arithmetic frames. This unit has sufficient reserve
capacity for the additional load and, like other units which provide air to the computer, supplies
air at varying temperatures to its electronic frames to balance the electronic load and maintain
a constant room temperature. With air entering the new air—handling unit at 58°F to 62°F, a
modulating water valve controls the discharge air to the memory array at 56°F.

The control system is to be maintained at its

present level of accuracy while incorporating
the new memory

into the supervisory alarm system. Taylor Industrial Controls have been
specified since their past performance has shown high reliability and accuracy. A new continu-
ous strip recorder will be installed on the supervisory pancl, together with various warning
Systems covering air failure and temperature rise.

The unit is installed and in operation. The temperature control system is incomplete, how-
ever, and the system is operating with temporary industrial and commercial controls, pending
delivery of the balance of the control elements. Using the temporary controls, temperature

variations of one degree plus or minus were recorded. During such periods, tests on the com-

The balance of the controls are expected
ecember 1958,

puter showed that results were not adversely affected.
in October, and final installation will be completed by D

H.G. Gechijian
IV. EQUIPMENT STUDIES
Studies of methods for air-conditionin,

are an important part of the group effort,
discussed earlier, a study was made to dets

g various computer components and laboratory areas
During the past quarter, in addition to the projects
ermine how to cool a new airborne data processor.

A. Air Conditioning for Airborne Data Processor

The Systems Design Group is constru
used as part of the airborne long
Some of the problems of providi

cting a transistorized airborne data processor to be
“range input (ALRI) project undertaken by the Laboratory.

: "8 cooling for this piece of equipment are obvious, such as size
and weight Limitations. Others inclu

de type of air circuitry to be used, control method and
details of the cooling system.
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The aircraft industry uses an air cycle system extensively. This type of system involves a
high-specd turbine using ram air, and then expanding this air to obtain cooling. Such a system
is compact and trouble free, but is not acceptable for the particular use required since the data
processor must be capable of ground, as well as in-flight, operation. )

Instead, a liquid-vapor-type system with a 28-volt DC motor-driven compressor using
refrigerant 12 was selected. Since rapid delivery was required, vendors were contacted for
information on presently-developed components. The Stratos Division of the Fairchild Engine
and Airplane Corporation furnished drawings of a unit they had made for Bell Telephone Labora-
tories for a similar application. Investigation showed that this unit could casily be modified for
the Laboratory's requirements. IHowever, Fairchild informed us that, because of special com-
ponents, delivery would require about four to five months. Fortunately, the Bell Telephone
Laboratories' need for the original units had ended, and the units had been declared surplus.
Arrangements have accordingly been made to obtain these units for the Laboratory.

The total computer heat load is approximately 3kw, or about 10,000 Btu/hour, with about
2.5kw due to the power supply and 0.5kw supplied by the computer proper. The most critical
element 1s the core memory section which must be maintained at a constant temperature of
T0°F & 1/2°. )

The air circuiting has been arranged so that the system is a closed loop with two supply cir-
cuits and one return line. The main supply circuit feeds the entire top rear of the computer
frame, with air flow over all components to the front of the plug-in units. This air, which is
still relatively cool, 1s then directed over the power supplies at the base of the unit and returned
to the cooling unit. The second supply circuit furnishes air to the memory core; this air then is
exhausted into the main computer air circuit.

The memory core array temperature will be maintained at a constant level by a damper 1n
its air supply line. The damper positioner will be controlled by an electronic temperature-
sensing element located at the memory array air discharge. Under ordinary circumstances
controlling such a small volume as the array within close limits would impose severe proleem.s.
However, since the array will operate effectively in a steady state or constant load condition, it
is felt that a proper balance between air supply and ambient temperature can be obtained without
too much difficulty.

At present the computer 1s under construction. No cooling equipment has been received, but
it is expected within a month. Project completion is planned for December 1958.

H.G. Gechijian
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I. INTRODUCTION

We have continued to stress the development of metal space-frame radomes and foam
radomes. The 150-foot CW-412/FPS(XD-1) metal space-frame radome design was modified to
assure its survival capability in winds up to 200mph. The 68-foot CW-491 foam radome devel-
opment was accelerated and the design was completed. This radome has spherical panels of
polyurethane foam joined together with a similar foam material to achieve a uniform thin shell
broad-band radome. Both radomes are being procured by Rome Air Force Depot. The 68-foot
FLR-3 rigid radome was structurally tested for RADC. Tests indicate that it satisfies the struc-
tural design criteria. Electrical transmission data for metal space-frame radomes has been
compiled and plotted for design reference. Wind tunnel data for pressurc distribution over
spherical radomes has been reduced and plotted in dimensionless form for design reference. An
intensive foam material evaluation program 1s in process. We are accumulating data and infor-
mation on weathering, electrical properties of foam at elevated temperatures, structural joint
efficiency and foaming-in-place techniques.

Other activities include the antenna wind load study. The wind tunnel rotatingsmodel of the
experimental radar antenna was completed and imual tests were made 1n the M LT. Wright
Brothers Wind Tunnel. The model was damaged and 1s now being rebuilt. *

The antenna test range has been approved and funds have been allocated. The specifications

are and procurement will be initiated. A ium on rigid radomes was conducted
and the Proceedings of the Symposium are now available for distribution. Personnel from mili-
tary agencies, industrial concerns and academic institutions in the United States and Canada
attended the 3-day symposium.

Developments 1n component miniaturization through the use of printed wiring, plated con-
nections and encapsulation are continuing The printed-wire memory plane is being developed,
and electroforming of complex parts has progressed to the point where this process could be
established as a practical and convenient service facility.

Io. RADOME DEVELOPMENT
A. The CW-412 150-Foot Metal Space-Frame Radome

1. Introduction
Service test funds have become available, through Cambridge Research Center's Lincoln
Project Office, for the purchase of a CW-412 150-foot metal space-frame radome. It is antici-
pated that the radome will be delivered in September or October of 1959. To determine a method
of erection and to evaluate the general design, the radome will be erected at a site near Lincoln
Laboratory in N and D 1959.
Work during this quarter centered about the preparation of dravings and specifications for

the procurement of the radome. These have been submitted to the Air Materiel Command at
Griffiss Air Force Base by the Lincoln Project Office.
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An investigation of the structural capability of the Laboratory radome design was conducted
to assure compliance with a recent specification in BMEWS (Ballistic Missile Early Warning
System) requiring wind pressure loading from 200-mph winds. This is the radome which will
be procured with service test funds.

Preparations are being made to make full scale tests on components of the radome, as well
as wind tunnel tests of a structural scale model.

2. Electrical Tests of Model Radome

The pattern data obtained for two versions of the trapezoidal hexecontahedron model radomes
(Table 76-1) have been reduced with emphasis placed on examining the effect of the model radomes
on the antenna side lobes for various antenna-to-radome orientations.

TABLE 76-1
DATA FOR RADOME MODELS EVALUATED

Type of geometry: trapezoidal hexecontahedron
Scale factor: 21:1

RADOME A RADOME B
Scale Model Full Size Scale Model Full Size

Equatorial diameter 7.2 feet 150 feet 7.2 feet 150 feet

Base diometer 5.7 feet 120 feet 5.7 feet 120 feet
Member diameter 3/16 inch 3-15/16 inches 3/16 inch 3-15/16 inches
Hub diometer 3/4 inch 16 inches 1/2 inch 10-1/2 inches
Antenna diameter 4 feet 84 feet 4 feet 84 feet
Frequency 9250 Mcps 440 Mcps 9250 Mcps 440 Mcps
Transmission loss (one way) 0.6+0.1db 0.6 £0.1db
Average boresight shift Not measured 0.2 milliradian

For each radome, a number of principal plane pattern measurements were made so that a

representative portion of the radome was sampled. Free space (no radome) pattern measure-

ments were. made before and after a given series of measurements with the radome. The angular

position and level of each side lobe, within 50° to the left and right of the main beam with the

model radomes were tabulated and compared with the applicable no-radome data.
polarization and plane, the change in level for a given side lobe as a function of ra
tioning was prepared for histogram presentation.

For a given
dome posi-
The associated free-space side lobe was
similarly tabulated. Final grouping was made for side lobes having the same level in free space.

The antenna patterns with no radome and the side-lobe grouping used for the model B radome,
are shown in Figs. 76-1 through 76-4.
The data presented are a condensed version of the histograms prepared for detailed evalua-

tion. The average change in side-lobe levels for the model radomes are shown in Figs. 76-5 and
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76-6. 1t will be noted that between the 20- to 25-db levels, the radomes have little effect on
side-lobe levels for all conditions. These levels correspond to the first two side lobes on either
side of the main beam, 1-1 and 2-2. .

For hori th and vertical-clevation polarizations, this trend to the

30-db level. For the same conditions, side lobes to the 38-db level show increascs of 1.5db.
For vertical-azimuth and horizontal-clevation polarizations, increases of 3 to 4.5db oceur for
free-space side lobes at the 30- to 38-db levels. The average change and upper and lower limits
in side-lobe levels with the radome relative to the average side-lobe levels with no radome are
shown in Figs. 76-7 through 76-9. Not included are levels, at either extremity, which occu.rred
less than 2 per cent of the time. It will be noted that, for horizontal-azimuth and vertical-
clevation polarizations, the radome performance is very good with maximum increases of only
3 to 4db occurring at levels between 33 and 38db. The vertical-azimuth and horizontal-elevation
conditions show that the changes are more pronounced, since increases of 7db can occur at the
30- to 38-db level. The next phase of this program will be to examine the geometrical configura-
tion of the metallic members for the various antenna-to-radome orientations in relation to side-
lobe performance, and to determine the member configuration which produces the least change

for either polarization. A.W. Maltese

3 Structural Analysis of CW-412, 150-Foot Radome stens
A recent specification of radome performance in BMEWS requires the structure to withs

i i f the
wind pressure loading from 200-mph winds with stresses not to exceed the yield point of the

material. The CW-412, 150-foot radome is of proper size for BMEWS and,
BMEWS application, an investigation of the structural performance
a report

since its electrical

performance is acceptable for ° ‘
to assure compliance with the BMEWS specification was accomplished. The following is a ref |
In order to allow direct comparison of the structural performance with

tigation. i
of this Investlg BMEWS, the analysis is developed along lines used by

other radomes under consideration for
I
the Goodyear Aircraft Corporation.
i "'0X11
In BMEWS the radome will operate in the pr g whic 4 nee the
wind forces on the dome. To take this influence into account the following wind force coe

mity of a building which may influence the

were assumed in the analysis:
Drag coefficient , Cp = 0.6
Lift coefficient > Cp 09
i ic properties of
These coefficients are unusually high for a radome structure with the geome%nch d: e
o0a
the CW-412. The drag coefficient was taken from "A Study of Aerod;yr:mlcears o
Spherical Radomes for Ground Installations," by J. Bczbatchenko,.\vh)c (a::m. e
of the Proceedings of the Rigid Radome Symposium held at M.LT. in Septe

iven i ort.
coefficient is significantly greater than that given in the above rep(

+'$69-2 (1 May 1958).
T Goodyear Areraft Corporatian, "Theory of Spherical Ground Radomes,” 569-2 (I Moy
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A distribution of wind pressure was assumed in the form

P-P,

C ———5 =A+Bcost+Ccos2t ,
P/2)pv

where P is the pressure at any point defined by the central angle ¢, P, is the free-stream
static pressure, and (1/2) pV? is the free-stream dynamic pressure. A, B and C are constant
coefficients dependent upon the radome base truncation angle and the drag and lift coefficient
parameters. They are given by the system of equations

Cp=2(2-3cos Yo cos? ¥
Cy = sin®y [~A + Clt — (1/2) sin? )]
L- in ¢b b )

where wb is the truncation angle. This system leads to the following values for the CW-412:

A =-0.610
B = 0.510
C =1.100

A plot of the pressure distribution with these values of A, B and C is shown in Fig. 76-10. As
shown in the figure, there is some discrepancy between the analytical distribution and that ob-
served in wind tunnel tests. This discrepancy might be reduced by considering additional terms
in the analytical distribution.

Calculations of beam-column stresses, following procedures as outlined in the Division 7
Quarterly Progress Report for 15 April 1958, indicate that the yield point is reached in winds
of about 208 mph.

Buckling of a column about a minor axis is found to be critical if the effect of the elastic
restraint provided by the panel skin is neglected. However, preliminary calculation of the spring
constant of the panel skin indicates that the skin will be effective in providing restraint, and
therefore must be considered in the column-buckling calculations. When this restraint is taken
into account, column buckling is no longer more critical than the yield point stress criterion.

General instability calculations, following procedures outlined in the above-mentioned quar-
terly progress report, indicate that the major portion of the margin of safety previously allowed
has been used. However, it is believed that the criterion used in calculating the general insta-
bility by means of an equivalent shell is conservative because proper emphasis was not placed
on the bending rigidity of the space-frame construction. This is indicated also by preliminary
direct calculations of the buckling of the space frame.

The distributions of stress resultants at the base of the CW-412 radome are shown in
Fig. 76-11 and the base geometry is shown in Fig. 76-12. By multiplying the proper stress re-
sultant by a suitable characteristic length determined from the base geometry, the forces in the

base fittings are obtained. Characteristic lengths and the resulting forces in the most highly
stressed base fittings are given below.
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Characteristic Lengths Forces in Fittings
Shear Stress Meridional Stress Shear Mcrlﬁ!)l)onnl
Base Fitting (inches) (inches) (1b) (

P 322 143 349,800 132,100
Q 0 138 0 127,500
R 304 o 330,200 o

S 0 185 0 170,900
T 304 0 330,200 0

U 0 138 0 127,500
v 322 143 349,800 132,100
X 0 101 0 93,300
Y 0 101 0 93,300

i b
Detailed analysis of the stresses at the base of the CW-412 radome, resulting from the above
forces, indicates that the radome base design is not critical for BMEWS specifications. »
An estimate of the deflections at the equator of a uniform thickness shell with the geometric
i in Fi -13. the
properties of the CW-412 resulted in the nondimensional plot shown in Fig. 76-13. By using the
average extensional rigidity of the CW-412
E A

= (__) =5.2%10° Ib/inch
'shell = \" L /frame

(Eh),
i -secti L is
is the elastic modulus of the aluminum member, A is the cross-sectional area, L i

where Ea ate the deflection of the

the characteristic length for an average triangle, it is possible to estim

frame. For example, the nondimensional radial deflection at the stagnation point is
space . .

Bh __
5—2— 1.45

qR'
and at 200 mph
6 = —1.85 inches
i i = i was
This estimate may be expected to be low since linearity of the load-deflection process
ot deflections
4. Nonlinearity may increase the deflection by a factor of 2 or 3. However, )
ssumed. otion
af thi der of magnitude are not expected to influence measurably the electrical perform
of this order
of the CW-412 radome.
i i tlined above,
On the basis of an analysis as ou .
fies the BMEWS structural specifications. In addition, the performance of the structure :
e i -412 radome.
load i t expected to influence measurably the electrical performance of the CW-
oad is not ex|

it is concluded that the CW-412 radome satis-

P. Davis
R.A. Muldoon

83

Unclassified




Declassified in Part - Sanitized Cop

Unclassified

GROUP 76

4. Tests and Mockups of Full Scale Components

a. Sealing Test Mockup

The sealing test mockup for the 150-foot radome was completed. This consisted of a full
size panel of 1/8-inch Techwood, three full size beams and hubs of wood, and six short beams
all attached to one hub. Actual neoprene panel seals, hub cap seals and beam-hub seals were
used. An actual metal hub cap was also obtained. These parts assembled casily and formed a
full scale mockup of a panel and all of the parts surrounding one hub. Preliminary water tight-
ness tests indicated that the hub seal and panel seals were satisfactory, but very slight leakage
occurred at the beam-hub seal. Parts are being modified now and further tests will be conducted.
The typical hub mockup for sealing tests is shown in Figs. 76-14, 76-15 and 76-16. The large
panel had been removed prior to this photograph. The one-quarter scale wooden mockup of the

base fittings and panels is now being constructed and will be used to check base layout dimensions.

The Niforge Corporation delivered two high-strength aluminum hub castings and a prelimi-
nary report of strength characteristics on 27 August 1958. This completed Phase I of their tests;
Phases II and III cover similar information on steel and magnesium castings.

The membrane attachment mockup is shown in Figs. 76-17 and 76-18. This consisted of the
actual metal cap strips, special nuts, spring clips, bolts, panel edging and aluminum panel sec~
tions to simulate the fiberglass panels. These items were mounted to the top of the beam extru-
sion. The sides and bottom of the beam were completed in wood, and a wooden end fitting and
wooden hubs were made. The parts assembled to show a section of beam with panel attached and
the beam end-fitting hub joint. Parts of this mockup will be used for structural testing. Two hub
caps were fabricated and heat-treated and are now ready for structural testing. The hub cap and
seals are shown in Fig. 76-19. ,

A structural test program for testing the component items will be initiated in the near future

b. Design Changes

As a result of a 200-mph maximum wind condition 1n BMEWS requirements, it was decided
to incorporate additional load-carrying abulity in the hub joints to meet the 200-mph wind condi-
tion at design yield stress.

The hub joint was modified to a split hub of two aluminum plates 1-3/4 inches thick. The end
fitting was changed from aluminum to high-strength steel. The hub bolts and beam bolts were
increased in size to carry the additional load. A mockup of this joint is shown in Fig. 76-20.

The end-fitting mockup is shown in Fig. 76-21. This change was incorporated prior to delivery
of drawings to the Air Force on 29 September 1958,

An improved methed was found for determination of wind loads actifg on the base fittings.
Preliminary analysis has indicated that the base beam members will be increased in wall thick-
ness from one-half to one inch. This change is now in progress.

c. Foundation
A tentative site for erection of the first radome has been selected.

) The foundation is being
designed for a wind loading of 100 mph.
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d. Presentation
A design description and cost analysis was presented at Lincoln Laboratory on 4 Soip‘-
tember 1958. The organizations represented were: BMEWS Project Office of the Air chgde,
Radio Corporation of America, Goodyear Awrcraft Corporation, Lincoln Project Office an:

M.I.T. Lincoln Laboratory. L.P. Farnsworth

T.F. King

5. Structural Model Tests ! ‘
A structural test of the CW-442 150-foot-diameter radome under wind loading or simulated
Preliminary investigation indicated that tests

i ing is both expensive and inconvenient. ¢ e
s . Feasibility was established in stud-

of structural models, on the other hand, are quite feasible.
{es which considered and proposed solutions for the following problems:

(a) The laws of similarity and prediction which applyto a model of the radome,

(b) The possibility of simulating the structural characteristics of the radome
n a small scale, and methods of construction,
i he model,
(c) Methods of loading tl A ) ) )
(d) The mmmum size of a practical model which will simulate the structure
and which can be instrumented with reasonable accuracy,
(e) Required instrumentation and test program,
(f) Accuracy and reliability of the resulting data.
boratory, were
ted, under contract to Lincoln Lal
dy by Dynametrics, Incorporated, .
e i tnetr ren \The Feasibility of Investigating a Large Radome by Means

i No. 257-001,
R e R " This study corroborated the results of

of Structural Models and Proposed Methods of Testing.
an independent study by Laboratory personnel.
The primary objective for testing a structura

ility th of the radome. A sec ' s ove
S To accomplish the primary objective it is
This may be

1 model of the CW-412 radome is to prove the

ondary objective is to prove or disprove
structural

lysis

idi curacy of the methods of ana i

e o : conditions as accurately as possible.

del in a suitable wind tunnel. Instrumenta-
f the radome, and

necessary to simulate the full scale loading
accomplished best by testing the radome structu.ral mo e vind
tion for: (a) stresses in the radome, (b) deflections and modes au Kl o o e
. ibuti face will aid in the .
i i istribution on the radome sur’ ;
ossibly (c) wind pressure disf e e

’ i y tpation of wind tunnels indicates that the NACA 30 X 60 foot tunnel gl ys e
e b wm wind speed capability of 118 mph.  Although the wind tunnel 1s phy:

m

Virginia, has & M size structural model, its wind speed

cally large enough to accommodate 2 reasonably large-
i e
copabilty islimiing, The WAL 7 fost ‘:’l:niet:;msmted for the test of large structural
ili h and appears to be the
capability of about 250 mpl

y time availa-
inquiri ding w1
rmal inquiries regar ;
N he wind tunnel major projects.

1 at Moffett Field, California, has a

nd tunnel time have indicated that the onl.
This implies that instru-

ble is on a short-term basis between t o and facilities.

mentation must be ac:omphshed without : e
A formal request 15 being processed for wind tuane

40 x 80 foot wind tunnel.

X .
dependence upon wind tunne
; ort-term basis at the NACA
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Drawings of a radome structural model are presently being prepared. The structural model
satisfies the laws of similarity and, since it is one-tenth full scale, can be constructed practi-
cally. The drawings will be completed during the next quarter at which time bids for model fab-

rication will be requested. P. Davis

6. Erection Procedure Studies

Previous quarterly progress reports have evaluated various techniques for erecting a 150~
foot radome in an arctic environment. Work during the past quarter has been concerned prima-
rily with erection of the service-test radome on a local site. The procedure developed for this
operation is not necessarily designed to resist the severe climatic conditions of the Arctic, but
there are indications that it may be feasible to modify the local technique for such use.

The erection of the radome at a local site is based on the "scaffold technique" discussed in
the Division 7 Quarterly Progress Reports of 15 April and 15 July 1958. This technique involves
erecting a central core of staging and using this as a working platform to provide access to and
support of the radome structure as it is assembled. It is similar to the method used for work
on interiors of large open areas such as cathedrals and auditoriums. The problems involved in
such a method include designing the scaffold to conform to the interior contour of the radome
and providing sufficient restraint to tie the entire scaffold assembly into a single structural sys-

tem. Once this is done, the scaffold provides an excellent means of temporary support for the

radome structure in case of bad weather or unforeseen delays. The steps involved in such a pro-
cedure are discussed below.

a. Crew Size

In planning the erection procedure, the first decision was the number of men to be used. The

radome is geometrically symmetrical in five sectors, and the sector widths are such that each

could provide working area for two crews; with three men on the scaffold and two handling mate-

rial, each crew would have five men, or a total of fifty men. In addition, it would be advisable
to have an additional pair of men in each sector to handle changes in the scaffold and hoist rigging
as the erection proceeds, to avoid delay in assembly operation.

¢ The detailed procedure is based
on a maximum crew size of sixty men.

It should be noted that this is for maximum efficient

speed; for local erection where time may not be the most important factor, the crew size may
be scaled down and the time scaled up linearly as conditions warrant.

b. Stockpiling
The first step in any structural erection is to "shake out," or sort, all the various items into

stockpiles to minimize working time once the assembly begins.

In view of the symmetry of the
structure and the crew assignment i y

» it was decided that, for the framed radome, the material
should be sorted into stockpiles for each sector,

c. Scaffold

Ir‘| a lo.cal environment the erection of the scaffold might precede the stockpiling operations,
especially if the scaffold is rented for the operation

The order of these steps will, in a large
part, be dependent on the particular circumstances. ‘

Erection of the scaffold will probably be
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completed before starting radome erection; however, in an arctic environment it may be
desirable to erect the scaffold in stages to minimize icing problems. Figure 76-22 shows a
typical scaffold arrangement.

d. Radome Framework Assembly

Erection of the fram k would from the ground up, by fitting each beam into
place and bolting it up. Materials would be hoisted into place up the outside of the structure
until the equator is passed, and then up open shafts in the scaffold inside the framework. Hoist-
ing rigging would consist of small electric winches and light lines through pulleys mounted ahead
of the erection crews. This rigging would be moved as needed by the scaffold maintenance crew.
As much preassembly should be done as possible; certainly hubs would be fastened to beams
where possible on the ground, and it may prove practicable to bring up complete triangular
assemblies 1n one lift. As the framework erection nears completion, the erection crews may
Begin to interfere with one another. If so, the surplus crews would be reassigned to begin instal-
lation of the membrane.

e. Membrane Attachment

Membrane installation is the most difficult step in the procedure. The individual sheets are
large and thin, with no lateral stability. This means that some sort of jig must. be devAel.cped to
hold them in position until they can be fastened to the structure. Present planning envisions an
-type wheels at the corners. The membrane
The jig would be

oversize pipe framework mounted on large bicycle
would be held in position by vice-grip clamps mounted on spring attachments.

hoisted up over the exterior surface of the radome, with membrane installation working from the

ground up. At the working area, the erection crew would use hand-held vacuum clamps to pull

the skin into position, and one or two men working in bosun's chairs would install the cap strips.
1. Disassemble Scaffold o
The final operation would be to disassemble the staging and remove it through an opening in
the base of the radome.
g Time and Cost Estimates

Preliminary estimates indicate that the time involved in this p
some assumptions have been made con-

rocedure is between 8500 and

10,000 man-hours, including scaffold work. However,

cerning working efficiency which can only be tested in the erection operation. A separate esti-

i d
mate of scaffold requirements indicates that the cost of the scaffold for this radome, erecle: ar:
dismounted once, would be about $424,000. If the scaffold were rented, the cost would be abou
$29,000.

. Cmrui ¢
h. Adaptability to Arctic Environmen
Earlier quarterly progress reports (i.e., 15 April and 15 July 1958) noted that there were
i i i tem. T
certain difficulties to be expected in an arctic environment with a seafold erection system nd
general, these would be due to ice accumulations on the scaffold and structure, to wind anid cold
th ’d laying and slowing down work on the scaffold, and to problems involved in hoisting all
e eteriat ap & there are certain advantages that may balance these diffi-

) iti ver,
the material up to position. Howe e by cables and braces, and

culties. First, the scaffold can be made an exceedingly stiff structur
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so provide a firm restraint for the partially erected structure. Second, even though the scaffold
is expensive, the other methods proposed are much more expensive, and in addition will require
extensive detailed design and special manufacture. The scaffold is generally standard. Third,
the scaffold can be used for other operations and is not limited to this special use.

D.C. Moore (Group 75)
B. The 68-Foot CW-491 Foam Radome

1. Introduction

AFCRC has a requirement for six 68-foot equatorial-diameter radomes for the AN/FPS-30
radar sets to be installed in the Arctic. The electrical requirements for FPS-30 radomes are
not so stringent as to dictate the use of foam as the structural material. However, a thin-shell
solid-foam radome was recommended since it would satisfy the basic FPS-30 requirements and
also provide the opportunity to advance the development of radomes at the same relative cost as
other types of structures. Also, it was realized that if foam radomes were obtained for these
installations, they would serve as scale models for larger radomes. Thus, the electrical, struc-
tural and assembly characteristics of foam radomes can be studied and the feasibility of con-
structing larger radomes of this type evaluated. The larger radomes, 150 to 300 feet in diameter,
may be used for the large tracking systems which have more stringent electrical performance.
Radomes smaller than 68 feet in diameter presently perform over the UHF to C-band frequency
range. For extremely large sizes it is anticipated that foam radomes will perform with improved
electrical performance over all-dielectric space-frame-type radomes. Since the electrical per-
formance of the foam design is considered to be frequency insensitive, it will offer a frequency
broad-band standard design through C-band and possibly higher.

Lincoln Laboratory drawings S-8268 and AFCRC Exhibit No. 58-8A have been submitted
through the AFCRC Lincoln Project Office to the Air Materiel Command at Griifiss Air Force
Base for procurement of six foam radomes. Air Force

for these rad is
CW-491/FPS. The structure will be built of blocks of polyester polyurethane foam. Considera-

ble effort has been spent on a means of fastening the blocks together to form the radome. Two

methods of approach have been investigated; mechanical fastenings and foam welding by foaming

the joints of the blocks in place. Since the welding technique appears more promising, the pres-

ent CW-491 incorporates the foamed joint method of panel attachment. This results in a uniform
thin-shell broad-band radome.

The method of erection will depend to some extent on the method of joint attachment. Studies

are being conducted on several t; of ti e i .
g ypes of erecting techniques s.C. Nilo

2. Electrical Design

The CW-491 radome design is for optimum electrical performance over the UHF to C-band
frequency range (300 to 5900 Mcps). The anticipated electrical characteristics of the foam
radomes are:

(a) 0.5-db maximum loss in main beam,

(b) Negligible increase over the ant pattern frec-sp ide-lobe levels,
(c) Negligible beam distortion, boresight shift (0.5 milliradian maximum) and
rate of change of boresight shift.

88

Unclassified

1043R00330018000¢

Unclassified

GROUP 76

Stringent electrical perfor in boresight shift and boresight shift rate is particularly
required in radome designs for projects such as BMEWS and Nike-Zeus. From the clectrical
point of view the concept utilized in the CW-491 radome 15 applicable to system requirements

irrespective of frequency and ght requirements.

The resultant radome (68-foot equatorial diameter, 56-foot base diameter and 53-foot 3-inch
height) is a continuous and uniform shell of low-loss diclectric material whose properties are
not dependent on frequency for performance and offers negligible boresight errors.

S.C. Nilo

3. Geometry
The design is based on the fabrication of cast polyester polyurethane curvilinear square and

triangular panels derived by circumscribing and ividing the small i ., a
semiregular polyhedron having 18 square faces and 8 triangular faces (Fig. 76-23). The first
step in the subdivision of the circumscribed figure is to divide the square faces into four equal
spherical quadrilaterals by means of great-circle arcs drawn from the midpoints of the opposite
sides. Each of these is then further subdivided into four more parts in such a way that two of
them are equal to each other and the other two are mirror images. The triangular faces of the
basic polyhedron are divided into nine essentially equilateral spherical triangles; the six meet-
ing at the center are equal and the three at the vertices are equal. Thus, the mamn portion of
the radome can be assembled with five different types of panels.

Since a radome is a truncated sphere, a modification of the regular panels is usually made
where they are intersected by the base plane. If this procedure had been followed in this case,
nine variations of the five regular panels would have been required for the so-called base panels.
Most of these would have been relatively small in comparison with the full size panels, and since
it is planned to weld the panel edges of the assembled radome with a foam-in-place technique,
more linear feet of panel edges would have been required than with the procedure that was used.
With these points in mind, a modification of the circumscribed polyhedr.on was made be}ow the
belt of basic square faces encircling the equator. The vertical great-circle ares forming the
sides of these faces were extended to the hase circle. The latter was divided into 32 equal parts
and great-circle arcs were drawn from these points to the corresponding lower cornervs of the
first row of regular radome panels. Four different types of these base panels are re.qu)red, two
of them are mirror images of the other two. The base edge of each of these panels is the same,
so the problem of securing the radome to its mounting rin;

i d in the sul
i -23 arized the procedure followe ws the.
e eners tont WRY following the first letter identifies these

g is simplified with this modification.
bdivision, and shows the differ-

i i . The "L" or
ent types of panels identified by letters s d
panels as being mirror images. A total of 276 panels of 9 different types are required for each
68-foot radome. J. Orabona

i - Foam Radome

4. Structural Analysis of a 68-Foot ‘

A 68-foot-diameter foam radome has been designed and is currently under procurement. The
radome consists of panels which will be wel
erected, its structural behavior will be that of a uni

discontinuities except at the base plane.

ded together by a foam-in-place technique When
form thickness spherical shell with no surface
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The anticipated mode of failure of the structure is general instability of the thin spherical
shell under external pressure loading. The shell thickness required is obtained from Tsien's"
equation for buckling pressure under "dead weight" loading conditions

P, =028 BE? .
where P__is the external buckling pressure, taken here as 20 per cent greater than the dynamic
pressure due to 150-mph winds at —10°F at sea level, E is the elastic modulus of the dome ma-
terial, t the thickness of the shell and R the shell radius.

A characteristic of foam material is that the elastic moduli in compression, tension and
flexure are not identical. It is necessary, therefore, to transform the foam shell into a mathe-
matical equivalent which retains invariant the rigidities influencing general instability. This is
accomplished by the transformations

Egte = Bty

3_..3
Egto = Et,

where the meaning of the subscripts is: e, equivalent; ¢, compression; f, flexure; and s, shell.

These transformations result in an equivalent thickness and modulus of elasticity

These expressions may be substituted directly into Tsien's buckling criterion resulting in

R
1.4056 pe—yY
(ECEI)

The use of commercial brochure data published by the Hooker Chemical Company leads
to plots of thickness and weight as functions of foam density (Fig. 76-24). The present design
based on a foam density of 14 pcf, requires a thickness of 4.5 inches and is expected to weigh
about 60,000 1b.

Stresses at the radome base may be approximated by using the distribution of stress result-
ants shown in Fig. 76-11.
the shell thickness. Stresses in the 68-foot radome resulting from 150-mph winds are rather
low; e.g., at about 70° azimuth at the base

Material stresses are obtained by dividing the stress resultants by

9y = 52 psi tension

7oy = 60psi shear

*H.S. Tsien, J. Aeronaut. Sci. 9, 373 (August 1942).
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The mimmum strength of foam specified was 250psi. The foam weld joints must be strong
enough to sustain combined loads from distributions similar to Fig. 76-11 with reasonable mar-
gins of safety.

A first approximation to the bending stresses in the radome shell indicates that the maxi-
mum bending stress amounts to about 4 per cent of the maximum membrane stress. Additional
bending stresses may be cxpected as a result of the surface discontinuity at the base of the ra-
dome. According to St. Venant's principle these stresses should be localized in a small region
at the base. Although no analysis has been attempted, it is believed that the design has an ade-
quate margin of safety in strength to accommodate this localized bending.

P. Davis
J.F. Orabona

5. Mechanical Design

Design was started 28 July 1958 and was completed on schedule 15 September 1958.

The original design was based on the small rhombicuboctahedron panel geometry with a wall
thickness of 4-1/2 inches. Mechanical anchor panel fasteners were included to hold the panels
1n place in winds up to 60mph. Foam-in-place joints completed the panel joint and provided
design capability to withstand 150-mph wind loading. Two 3-foot-diameter aluminum access
doors were provided, one at the top and one at the base. A pulley and navigation lights were
provided at the top also. An equipment access door was provided at the base by allowing removal
of 3 base panels.

In view of advancements in foam-in-place techniques, it was decided to aim for higher elec-
tronic capabilities for this radome. On 29 September 1958, it was decided to remove all mechan=
\cal panel fasteners and rely solely on the foam-welded joint This redesign was completed

8 October 1958, and drawings were delivered to the Awr Force for procurement action.

a. Panel Joint Tests, Embedded Mechanical Fasteners

As part of the initial design a quick but rather extensive test program was undertaken to
he foam panel mechanical joint

determine an adequate anchor configuration for

The requirements for this joint were to obtawn the best load-carrying ability with the small-
est over-all length and width dimensions and the smallest cross-sectional area.

The initial family of anchors were designed as straps with various shapes on the section
molded into the foam. The strap was selected to dissipate the concentrated load on the joint as
gradually as possible into the foam. Panels of 2-3/4 inch thickness were used because molds
for panels of this size were available. Tests wil
panels with mechanical anchors. Results of these tests and photographs of failed panels are

shown in Figs. 76-25 through 76-44 and Table 76-11.
Two conclusions were drawn from the early tests.

width was chosen, or one-half of the panel thickness).
hough this was not always the final path of failure.
ch as a rod would have an advantage

] be conducted at a later date on the 4-1/2 inch

First the strap was too wide (1-3/8 inch

Initial cracking usually occurred directly
in line with the anchor, alt From this observa-
tion, the first conclusion was that a circular cross section su
bility over the elongated section of the strap.
The second conclusion was that failure usually

i A disadvantage would be the in-
1n load-carrying al

crease in metallic area for electronic blockage
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occurred at the very end of the anchor at approximately the same breaking load, splitting across
the panel. The shape of the strap did not seem to affect the load-carrying ability when the end
of the anchor remained in the shape of the strap. These results indicated a stress concentration

at the inner end of the anchor. The shapes most likely to minimize this effort would be a spheri-
cal, ball end or a circular section.
A standard 3/4-inch-diameter eyebolt was the most readily available item to fit these

(PoW) 19
9

requirements. The test of this eyebolt realized a 60 per cent increase in strength over the strap-
type anchor. By using a 1-inch rod with a h-di ball end, an even greater

increase, up to 100 per cent over the strap-type joint, was realized.
These tests have been conducted to provide information on selecting a shape for the

Bunging oot 2/1-1
Bupysng 4ou) Z/1-
pus 109 uapoam “doins
pue
[,
o4k pogqu “don

mechanical anchor rather than to obtain exact load-carrying abilities of any one shape. Because

jauod woo3 (1) SIION
)

soi0jd wnuwnyy 260 0
por0Basion *|jouws “d:
poroasios ‘ofio] ‘dors

ouaskiskiod yitm 119 Y

of this, testing was limited to one or two panels of each anchor configuration. During the next
reporting period tests will be conducted of the more promising configurations in 4-1/2 inch thick

3

WP U2

test panels. L. P. Farnsworth
T.F. King

@ oese
poltoy donig
7

1ok pois ioN
037
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6. Foam-In-Place Panel Weldment Technique
The present concept for erection of the radome is to interconnect the foam panels by tempo-
The permanent erection is then effected by removal of straps after

2SS

YIPLA Y2102
(@ *(1) poo Buyos

rary mechanical straps.
The weldment is made with polyurethane prefoam, deposited as a charge
The panel interweldment results

panel interweldment.
in a submerged elliptical cavity along the panel seam edges.
trom the adhesive bond of cured-foam interfaces between adjoining precast panels.

n-oz MevL

a. Foaming Equipment
Various automatic metering, mixing and dispensing equipments were evaluated for the foam
panel weldment technique study. The equipments investigated were from the Nopco Chemical
Martin Sweets, National Aniline, and

i
g
B
H

Company (Nopcometer), Newton Tool and Manufacturing,

Minnesota Miming and Manufacturing. Evaluation was ma
ts within panel edge seam cavities under field site

de on the basis of ability to deliver

+391501 *41-000'01 IW-DLL VoS

“onjon, Bosony.
(8) suowrobds 10] woog

metered foam material formulation constituen

accurate delwvery, over a small delivery rate

erection conditions. Necessary features are:
range, below 5 1b/minute of profoam; rugged construction for shipment and handling during
_free rehiable operation and cost.

Turbulator Gun (consisting of a metering unit
ystems) has been purchased. The

SHOHONY DITIVIIW HIIM S1INVd WYO4 INVHIZUNATO 4O SIINS3Y 1531 USNIL

erection; long-term maintenance

The 3-M Brand Formulator (Mod. A) and
modified to handle polyester polyurethane rigid prefoam s
mixing head is integral with the spray gun, which is capabl

e of delivering both pour and spray

material.

13

b. Panel Joint Tests (Polyurethane Foam Weldment)
December 1958) in the climatic chambe
arch and Engineering Command

o> 198)

r facility at the Environ-

§

Time has been scheduled (
h Division of the Quartermaster Rese:
As part of the foam weldment technique study, climatic
y will be simulated in the environmental

mental Protection Researcl

at Natick, for panel weldment studies.
humidity and wind velocit,

Susiogey

conditions of temperature,
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chamber in order to determine the joint efficiency of various foam formulations, and also to
determine the optimum climatic conditions for panel weldment.

In anticipation of receipt of the 3-M unit at Lincoln Laboratory, a total of 17 welded joints
is being made, using the 3-M unit and both Scotchfoam I and Pittsburgh Plate Glass 6002-6003
weldments for panel pullout testing.

For this study a total of 34 foam tensile pullout panels were cast by the batch process. They
consisted of both one shot and/or prepolymer systems of Hooker 126, Pittsburgh Plate Glass
6002-6003 and Nopco Lockfoam B-614SS polyester polyurethane rigid foams of nominal 14 pef
density. The polyester resin, water, surfactant, catalyst and tolylene diisocyanate or isocyanate-
rich prep for fon ingredients were mechanically dispersed by a Hobart mixer.

Various panel edge configurations were considered, such as closed box channel, open V and
V notch grooves, and closed elliptical channels. The latter configuration was chosen as the most
promising, and accordingly the next phase of the study incorporates the technique of foaming
through "pigeon-holes," i.e., depositing within an unexposed recess.

Initial weldment data were obtained on joints welded by a batch operation of pouring foam
premix into panel butt joints. Figures 76-45 through 76-48 show welded panels, and Table 76-II1

TABLE 76-111
DATA FROM INTERPANEL WELDMENTS

22X 20X 2-3/4-Inch Panels
Weld Area = 22X 2-3/4 Inches (X 1 inch thick)

Panel Nos. Type of Cure Fracture Lood

3-4 Oven 4810
7-8 Oven 3190"
9-10 Oven 4230°

11-12 Oven 4920

13-14 Oven 2950"
12 Heat lamp 2330

:‘Froc'ure did not occur at weld. Therefore, weld strength
is higher than these values.

gives the results of preliminary tests of this method of connection. The foam welds were made
one inch wide with Hooker 126A foam, which requires a post cure (the same material as the
panels). In cases where the curing was done with heat lamps, much lower joint strength resulted.
Other foam welds were cured in an oven and these show the highest joint strength values yet ob-
tained. In fact, fractures occurred (with only one exception) not at the joint, but at the end of
the panel where the load was applied. To eliminate this condition future tests will be conducted
on specimens with a reduced section at the foam weld.

s.C. Nilo
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C. Pressure Distribution on Radome Surfaces

A program to measure the distribution of wind pressure around radomes has been undertaken
by the M.L.T. Wright Brothers wind tunnel. The distribution of wind pressure around a spherical,
smooth-surface, tower-mounted radome has been obtained. The data are reported in the Aero-
dynamical Laboratory Report No. 963, "Lincoln Laboratory Spherical Radome and Tower." Wind
pressure distribution measurements have also been made on a spherical, faceted, tower-mounted
radome. These measurements are reported in the Aerodynamical Laboratory Report No. 964,

" Lincoln Laboratory Geodesic Radome and Tower."

The radomes tested are 1/24 scale models of 55-foot-diameter radomes. They are made of
polished mahogany of 27.5-inch diameter. The distance from the center of the sphere to the top
of the base is 5.728 inches. The base is a regular 12-sided prism with a height of 12.0 inches.
Photographs of the models are shown in Figs. 76-49 and 76-50.

The models were mounted on the flush floor mount which simulated the ground effect on the
radome and permitted forces and moments to be obtained on the mechanical balance system.
Pressure taps were installed along two longitudes; one in the center of a base flat, one on the
corner of the base, These longitudes were 15° apart. Additional pressure taps were installed at
various locations on the faceted model as shown in Fig. 76-51. The distribution of wind pressure
was obtained by indexing the model and base on the balance mount through various yaw angles.
Results were reduced to coefficient form and tabulated. No plots were included in the reports.

The studies have revealed that the geodesic (faceted) construction does not result in any
gross changes in the pressure distribution, only local differences due to change in local geometry.
The edges and corners of the geodesic surface produce lower pressures than the pressures on
the smooth radome. The fact that lift and drag coefficients are nearly unchanged by the geodesic

construction indicates that any large deviation in pressures must occur over small regions.
examined more fully during this quarter by means of detailed plots. Pres-

g vertical planes

The results were
sure distribution curves for the spherical and faceted radomes drawn alon|
in Figs. 76-52 and 76-53. The distributions

ation angles on both radomes were also plotted.
A few plots of the localized pressure varia-

through the zenith at various yaw angles are shown
of pressure along horizontal planes at various elev:
Typical plots are shown in Figs. 76-54 and 76-55.
tion at the facet edges and corners are shown in Figs. 76-56 and 76-57.

Graphical integration of the pressure curves is planned for the next quarter. This integra-
tion will provide a comparison between the pressure
The comparison should establish compatibility between the pressure distribution and the result-
ant air loads.

An extension of this study,

is planned. Variations in tower geometry may also be con:
ibution around other surfaces of revolution

Joads and the measured resultant air loads.

{nvolving consideration of tower height and base angle parameters,

sidered. A further generalization of
the study will be made to include the pressure distr

with possible application to radomes. P. Davis
W. Chafe
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D. Structural Load Test of the 68-Foot Radome CW-408/FLR-3

1. Introduction
The structural load test designed to demonstrate the general buckling capability of the CW-408
rigid radome was conducted by Lincoln Laboratory at its test site in Lexington, Massachusetts,

by request of RADC. The CW-408 is shown in Fig. 76-58.

2. Description of Test Equipment

Loads were applied at each of 31 joints near the zenith of the dome by means of chains
(Fig. 76-59). Each chain was attached inside the hub at the end of the stiffener by means of con-
necting plates. Only alternate stiffeners were directly loaded by the connecting plate and chain
assembly, each joint being loaded by three chains.

The chains were of equal lengths, were connected to the top eye of an eye-and-eye swivel
by means of connecting chain links and were assembled in such a way that the resultant force
passing through the swivel also passed through, or close to, the apex of the panel group. A pulley
block was hooked to the bottom eye of each swivel. An additional 30 pulley blocks were attached
by means of individual chains to individual eyebolts on a loading platform, which was suspended
by means of a continuous wire rope reaved through the upper 31 and lower 30 pulley blocks. The
platform was positioned to converge the 31 resultant forces to the center of the dome.

Suspended from the loading platform by means of a shear pin was a calibrated load cell or
tension link made of high-strength steel on which were mounted SR-4 strain gages. The tension
Link was calibrated in a load-testing machine and the calibration curve is shown in Fig. 76-60.
Strains were read on a Baldwin-Lima-Hamilton strain indicator. A 35-ton hydraulic cylinder
was used below the load cell to apply the loads. The cylinder was connected by means of a turn-

buckle and rod system to an anchor plate in the rein| d concrete foundation. Thus
a retraction of the cylinder rod forced the radome down against the reinforced foundation. The
assembled test equipment is shown in Fig. 76-59.

3. Test Procedure

Before the test began it was noted that one hub, about midway between the equator and the
zenith, was missing. Investigation revealed that the hub which had been provided was not the
proper type, did not it into place and was omitted in the erection. An attempt at loading with-
out the hub in place was made by placing 30,000 1b on the radome in three equal increments. This
resulted in some local fractures in the panel skins surrounding the hubless joint. The damage
is shown in Figs. 76-64(a) through (d). Testing was halted until the hub provided was machined
to size and placed into position. The test resumed with the following loading sequence:

Weight Applied Weight Applied
Load No. (1b) Load No. (1b)

0 to 30,000 30,000 to 40,000
30,000 to 0 40,000 to 50,000

0 to 10,000 50,000 to 55,000
10,000 to 20,000 55,000 to 60,000
20,000 to 30,000 60,000 to 62,500 to 0

96

Unclassified

1043R00330018000¢

Unclassified

GROUP 76

Vertical deflections were measured at cach increment of load. The deflection readings were
taken at four joints as shown in Fig. 76-62. The motion of tape measures suspended from cach
of the four joints was obtained with the aid of a leveled transit. The vertical deflections are shown
in Figs. 76-63 through 76-66.

The test was concluded abruptly at the 62,500-1b load by a premature failure in the hydraulic
cylinder. The failure occurred ata load significantly below the rated capacity of the cylinder.
The stripped thread failure of the cylinder rod is shown in Fig. 76-67.

4. Conclusions
The maximum applied load was 62,500 1b and, as shown in Fig. 76-68, the corresponding
wind velocity is about 162 mph at ~40°F at sea level. The linearity of the load deflection curves
indicates that the critical general buckling load had not been approached.
This test has also shown that the removal of a hub from the radome may seriously decrease
the radome's structural capability.

P. Davis
R.A. Muldoon
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RN WITH NO RADOME
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Fig. 76-4. Antenna pattern with no radome for vertical polarization, elevation plane.

Fig. 76-3. Antenna pattern with no radome for horizontal polarization, elevation plane.
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MODEL A-¥4" DIA, HUBS
HORIZONTAL POLARIZATION - AZIMUTH PLANE
VERTICAL POLARIZATION-AZIMUTH PLANE
MODEL B-Y2° DIA. HUBS
HORIZONTAL POLARIZATION -AZIMUTH PLANE
VERTICAL POLARIZATION - AZIMUTH PLANE

POINTS BETWEEN THIS LINE AND
ABSCISSA INDICATE AN INCREASE
IN SIDE_LOBE LEVEL WITH

RADOME

(db below peok of main beam)

LoD

AVERAGE SIDE LOBE LEVEL WITH RADOME

AN .
20 22 24 26 28 30 32 34 36 38 40
AVERAGE SIDE LOBE LEVEL WITH NO RADOME
(b below peak of main beam)

Fig. 76-5. Average change in side-lobe levels for the metal
space~frame radome (Mod A, 3/4-inch-diameter hubs).

MODEL B~V," DIA. HUBS
OHORIZONTAL POLARIZATION -ELEVATION PLANE
XVERTICAL POLARIZATION - ELEVATION PLANE

ELEVATION PLANE DATA NOT TAKEN FOR MODEL A
e o
T T T,

POINTS BETWEEN THIS LINE AND
ABSCISSA INDICATE AN INCREASE
IN SIDE_LOBE LEVEL WITH
RADOME

AVERAGE SIDE LOBE LEVEL WITH RADOME
(db below peak of main beam)

AR SR
20 22 24 26 28 30 32 3¢ 36 38 40
AVERAGE SIDE LOBE LEVEL WITH NO RADOME
db below peak of main beom)

Fig. 76-6. Average change in side-lobe levels for th tal
space-frame radome (Mod B, 1/2-inch-diameter !:ubse).me i
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WORIZONTAL POLARIZATION = AZIMUTH PLANE

-

347 O HUBS
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AVERAGE CHANGE
X UPPER LIMIT
+LOWER LMIT

(a0
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1 I 1 j MODEL ©

{1 2 on s
I I et

NO RADOME CONDITION

CHANGE IN SIE LOBE LEVEL WITH RADOME RELATIVE TO

20 22 24 26 28 30 2 34 % 3 40

AVERAGE SIDE LOBE LEVEL WITH NO RADOME
(db below peak of mon beam)

Fig. 76-7. Changes in side-lobe levels for the metal space-frome radomes
with horizontal polarization, azimuth plane (Mods A and B).

VERTICAL POLARIZATION - AZMUTH PLANE

MODEL &
34" OIA. HUBS
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© AVERAGE CHANGE
X UPPER LMIT
+LOWER LT

(@

2022 24 25 28 30 %2 34 3% B

MODEL 8

vz' oa. hoss

NO RADOME CONDITION

© AVERAGE CHANGE
X UPPER  LUAIT
+LOWER LT

CHANGE W SIDE LOBE LEVEL WITH RADOME RELATWE TO

20 22 24 26 28 30 32 34 36 3
AVERAGE SOE LOBE LEVEL WITH NO_ RADOME
(gb below peok of mam beam)

in si ~frome radomes
Fig. 76-8. Changes in side-lobe levels for the metal space
wligth Vertical polarization, azimuth plane (Mods A and B).
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CHANGE IN SIDE LOBE LEVEL WITH RADOME RELATE TO

20 22 24 26 28 30 32 34 36 38
AVERAGE SIDE LOBE LEVEL WITH NO RADOME
(b below peok of man beam

Fig. 76-9. Changes in side-lobe levels for the metal space-frame radomes
with horizontal polarization, elevation plane (Mods A and B).
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Fig. 76=10. Wind pressure distribution for CW=-412 radome analysis.
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Fig. 76-11. Variation of nondimensional stress resulrants
with azimuth angle at base of CW-412 radome.
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Fig. 76-12. Bose geometry of C¥/=412 radome.
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Fig. 76-13. Nondimensional deflection at the equator of radome shell
as a function of azimuth angle.
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Fig. 76-14. Full scale hub mockup of the CW~412 radome.
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Fig. 76=15. Full scale hub mockup (hub cap removed)
of the CW-412 radome..

Fig. 76-16. Full scale hub mockup (inside)
of CW-412 radome.

Fig. 76=17. Cross section showing beam, membrane
and cap strips of the CW-412 radome.
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Fig. 76-18. Full scale cap strip of the CW-412 radome Fig. 76-20. Full scale mockup of beam, end fitting and hub of the CW-412 radome..

i f end fitting on the CW-412 radome.
Fig. 76=19. Hub cap and rubber seal for the CW-412 radome. Fig. 76-21. Fol scale mockup of end fiting
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Fig. 76-22. A suggested scaffold arrangement.

12 WALL THICKNESS
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Fig. 76-24. Weight and thickness vs density for the 63-foot radome.
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76 4 76-27 i - i hor in 2-3/4 X 24 X 20-inch
i i X 20-inch Fig. 76-27. Tfnsxlehtes) aff flat- s::r(mel:lli;unc or in 2-3/:

Fig.76-25. Tensile test of ﬂﬂ'—strnlp(matu:hc anchor in 2-3/4 X 2 -incl Ak e hone

Hooker 126 polyurethane foam panel (panel G). looker 126 polyurethane foom ponel (po:

. L inch
Fig. 76-28. Tensile test of ribbed=strop metallic anchor in 2-3/4% 12X 12-incl

Fig. 76-26. Tensile test of flat-strap metallic anchor in 2-3/4 X 24 X 20-inch Selectrofoam polyurethane panel.
Hooker 126 polyurethane foam panel (panel H).
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Fig. 76-31. Tensile test of bent-strap-with-rod metallic anchor
in 2-3/4X 12X 12-inch Selectrofoam polyurethane panel.

Fig.76-29. Tensile test of serrated-strap metallic anchor
in 2-3/4 X 12X 12=inch Hooker 126 polyurethane foom panel.

Fig. 76-32. Tensile test of flat-strap-with-bow metallic anchor

Fig.76-30. Tensile test of tube-end-strap metallic anchor in 2-3/4 X 12X 12-inch Selectrofoam polyurethane panel.

in 2-3/4X 12X 12inch Selectrofoam polyurethane panel.
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Fig. 76-33. Tensile test of perforated-strap metallic anchor Fig. 76-35. Tensile test of flat-strap-with-3-columns metallic anchor
ig. 76-33. Tensi - Ay o
inQZ-B/AX 12X 12-inch Selectrofoam polyurethane panel. in 2-3/4 X 12X 12-inch Selectrofoam polyurethane panel.

:
¥
i
!
!

ig. 76-36. ile test of 1-inch-diometer knurled-aluminum bolt with a 2-inch-
IR i bI:IT—en:{ metallic anchor in 2-3/4 X 12 X 12-inch

Fig. 76-34. Tensile test of flat=strap-with-column metallic anchor diameter knurled-aluminum bol
in 2-3/4 X 12X 12-inch Selectrofoam polyurethane panel. ) Selectrofoam polyurethane panel .
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Fig. 76-37. Tensile test of 3/4-incHi-diameter steel rod with a spherical-end Fig. 76-39. Tensile test of 1-1/2-inch-diameter aluminum bushing
in 2-3/4 X 12X 12-inch Hooker 126 polyurethane foam panel.

S allic anchor in 2-3/4% 12X 12-inch Selectrofoam polyurethane panel-

in polyurethane foam panels:

I - i imbedments
Fig. 76-40. Matollic snchors used os imbecments in polyuretbane fogm Fon s

Fig. 76-38. Tensile test of metallic strap with 1-1/2-inch-diameter wooden ran: + ted strap; 62,
Loi-end anchor in 2-3/4X 12 12-inch Selectrofoam polyurethane panel- f,fg;[ﬁ,;"ﬁj;.625(,'":2#0:2',’;&?.:;‘;.2 P
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Fig. 76-41. Metallic anchors used as imbedments in polyurethane faom panels:
58, large corrugated strap; 59, small corrugated strap; 60, ribbed strap; 61, serrated
strap; 63, bent strap with rod.

| pesenns

Fig. 76-42. Metallic anchors used as imbedments in polyurethane foam panels,
3/4-inch cyebolt: 66, flat strap with column; 67, flaf strap with 3 columns;
81, I-inch-diameter bolt with 2-inch-diameter ball end; 82, 1-inch-diameter

O o d.
bolt with 1-3/4-inch-diameter plastic ball en ol athon fesna el

Fig. Thrbh. Nrnteon teder wlth V=3/A e 172 1=,
seraite teut of wallic anchons.
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Fig.76-41. Metallic anchors used os imbedments in polyurethane foam panels:
58, large corrugated strap; 59, small corrugated strap; 60, ribbed strap; 61, serrated
strap; 63, bent strap witg rod.

Fig. 76-42. Metallic anchors used as imbedments in polyurethane foam panels,
3/4-inch eyebolt: 66, flat strap with column; 67, flat strap with 3 columns;
81, I-inch-diameter bolt with 2-inch-diameter ball end; 82, 1-inch-diameter
bolt with 1-3/4-inch-diameter plastic ball end.

Fig. 76-44. Instron tester with 2-3/4 X 12 12-inch polyurethane foam panel
after tensile test of metallic anchors.
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Fig. 76-47. Polyester polyurethane Hooker 126A
0).

Fig. 76-48. Polyester polyurethane Hooker 126A
weld test (Nos. 9 ond 10) Tond 2. "

weld test (Nos. 1 and 2).

ey

Fig. 76-45. Polyester polyurethane welded joint.

N
52
3

>,

nszem

Fig. 76-46. Polyester polyurethane Hooker 126A weld test (Nos. 3 and 4).

Fig. 76-49. Wind tunnel model of spherical, Fig. 76-50. Wind tunnel model of spherical,
i tower-mounted radome . faceted, tower-mounted radome..
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Fig. 76-51. Unwropped view of location of pressure faps
Fig. Fted rodome model, showing geometry of surface.

LONGITUDE THROUGH
EOGE OF BASE

EQUATOR

9P OF BASE

goTTom oF 8asE

() = 522
B =e5e2y
TOWER FLATS TG #IND

Fig. 76-52. Distribution of wind rressure along vertical plane cuts at various yaw angles
through the zenith of the spherical, tower-mounted radome .
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ELEVATION ANGLE 18)

o

Fig. 76-53. Distribution of wind pressure along vertical plane cuts at various
yow angles through the zenith of the faceted, tower-mounted radome.
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Fig. 76-54. Distribution of wind pressure along horizontal plane cuts at various
elevation angles for the spherical, tower-mounted radome.
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Fig. 76-55. Distribution of wind pressur
elevation angles for the spherical, tower:
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Fig. 76-57. Localized variation in pressure ot the facet corners in the faceted,

e along horizontal plane cuts af verious tower-mounted radome along horizontal plane cut at 42° elevation from equator.

-mounted radome .

s Ak

€0uATOR

H
H). 524
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TOWER FLATS TO WIND
HORIZONTAL CUT §=47°

80 100
YAW ANGLE ¥

on in pressure at the facet edges in the faceted, Fig. 76-58. The CW-408 radome..

Fig.76-56. Localized variati
o tal plane cut at 47° elevation from equator.

tower-mounted radome along horizon!
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Fig. 76=59. Loading method in structural test
of CW-408 radome .
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Fig. 76-61 (a —d).

AFPLIED LOAL ( pounds)

Fig. 76-60. Calibration curve for load cell used in
structural load test of CW=-408 radome .

1000 2000 3000 4000
INDICATED STRAIN  micrainches/ inch)
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LOAD POINT

Fig. 76-62. Top section of CW-408 radome showing
4 31 load points and joints ot which vertical deflections
were measured.

APPLIED LOAD { pounds )

30,000 |-
|

APPLIED LOAD (pounds)

20000 ‘

05 o s 20
VERTICAL DEFLECTION ( inches ) vmncAL nzn.tcmm lm:hu)

Fig. 76-64. Applied load vs vertical deflection of  Fig. 76-65. Applied load vs vertical deflection of
CW-408 radome, joint No. CW-408 radome, joint No. 3.

70.000—= " 7 = *ﬁ———v——r—_l‘

60,000

50,000

APPLIED LOAD (pounds)

APPLIED LOAD (pounds )

Fig. 76-63. Applied load vs vertical deflection of
CW-408 radome, joint No.

_I; 1 1
o5 15 20 T T
i ° os ‘o s 20
VERTICAL DEFLECTION (inches)

VERTICAL DEFLECTION (inches)

Fig. 76-66. Applied load vs vertical deflection of CW=-408 radome, joint No. 4.
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II. ANTENNA WIND LOAD STUDY

The Wright Brothers wind tunnel at M.LT. was available during the first two weeks of
September for the first series of tests on the 1/24 scale model of the experimental Mk1 antenna.
Prior to delivery of the model to the wind tunnel, the balance was calibrated at the manufacturer's
plant to insure that the strain gages on the load cells were functioning properly. Another calibra-
tion was required with the unit mounted in the wind tunnel to check the gains on the Miller re-
corder that was used for recording the test data.

Aftor calibration, the unit was balanced by rotating the antenna assembly and adding weights
where needed to minimize the fluctuations in the recording apparatus. The hub and spider,
including the horn, had been statically balanced at the manufacturer's plant before mounting the
antenna with its backup structure to the spider. Therefore, balancing the whole assembly was
essentially cquivalent to balancing the antenna with its backup structure. Figure 76-69 shows
the unit as mounted 1n the wind tunnel. The hydraulic lines to the motor and the wiring from the
strain gages do not appear in the photograph because they pass through the tunnel floor directly
beneath the mounting location.

Fig. 76-67. Failed rod of hydraulic cylinder concluding structural test of CW-408 radome .

CURVE FOR
—10°F

SEA LEVEL

APPLIED LOAD (pounds )

Tsnam !

Fig. 76-69. Wind tunnel model of Mk I antenna.

The drave system has provisions for locking the antenna system every 30° in azimuth for
{aking static data at different wind speeds. Since this method would give no indication as to
whal is happening between the 30° increments, the test program speci ed that the model be
o veLoe e rotated at a low rotational speed, on the order of 3rpm, and record data continuously to get a
Fig. 76-68. Applied loading vs wind velocity for CW-408 radome . better profile of static loads at all azimuth positions. Dynamic data was to have been obtained
at several wind speeds and at various rotational speeds of the model up to 240 rpm.
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The hydraulic power supply system was found to be inadequate for rotating the model at the
high and low extremes of rotational speeds. Another power supply which had more capacity than
the original equipment, was obtained from the Servomechanisms Laboratory at M.LT. Unfortu-
nately, in checking out this new unit after it was installed, the antenna system was brought up to
a speed of 450 rpm in a relatively short time and was severely damaged, making it necessary to
stop the program pending the replacement or repair of the damaged parts. It is expected that this
may be accomplished during the next quarter. Meanwhile, a new hydraulic power supply is being
procured which will provide the power and control needed for the scope of the testing program-

REG. LAND SURVEYOR

EISENHAUER
JULY 30, 1958
BEDFORD, MASS.

J.F. Orabona

IV. LINCOLN LABORATORY ANTENNA TEST RANGE

PLAN OF LAND IN BEDFORD, MASS.

During the quarterly period the necessary Laboratory approvals and funding for the antenna
{est range were obtained. The specification setting forth its requirements, i.c., site prepara-

tions, building: and instr i , will be sent to outside contractors for bids

TOPOGRAPHIC PLAN

during the next reporting period.

Property line and topographic surveys have been completed for the test site and are shown
in Fig. 76-70. The area involved is about 55 acres in Bedford, Massachusetts, of which about
half is wooded. The transmission paths will be located adjacent to Virginia Avenue along the
clearcd area. The lease for this property has been signed and a study is under way to determine
the extent of drainage that will be required to maintain the level of the transmission paths.

A. Cohen
A.W. Maltese

OWNED BY:
SCALE: 1" =100
JOSEPH W. MOORE

{
i
H
H

V. MATERIALS TESTING LABORATORY

~{
D)

A. Foam Materials Study

REA = 5462 ACRES

§

L
TS

‘Weather exposure tests are c inuing in the Atlas weather . The data from these
tests are summarized in Table 76-IV. No significant changes from the results as stated in the

A

previous quarterly progress report were observed. The specimens, which have had a 1000-hour
exposure, are undergoing mechanical tests to determine the exposure time vs mechanical
strength characteristics.

The dielectric properties of dielectric constant and tan-delta through a temperature range

Fig. 76-70. Land plan of site for the Laboratory antenna test range.

from 77° to 350°F and a frequency range of UHF to K-band are being determined by the Labora-
tory of Insulation Research. These data are necessary in the application of foam radome designs
for high-power systems such as BMEWS The results of this dielectric data investigation at
elevated temperature will determine the applicability of present and future polyester foam for-

mulations to high-powered antenna radomes. s.c. Nilo

B. Printed Wiring

1. Memory Plane
Effort is continuing to develop a suitable printed-wiring technique for making ferrite-core

memory planes. It was for this application that the collimated-light printed-wiring technique

which has proven successful was developed.
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The imbedment of the ferrite cores by phenolic transfer mold was successful only when

physical properties of the imbedment material were being considered. However, with more
rigorous individual core testing of the prototype 4 X 4 core, significant degradation of response
was noted. This has been attributed to nonuniform stress conditions. The phenolic molding
powder has about a 3 per cent shrinkage. With the internal diameter of the core clear of resin,
this shrinkage around the core is restrained only by the core itself. If the core were to be totally
encapsulated, the degradation duc to stress would not be so severe.

Surface erosion
Small holes in surface
Small holes in surface
Small holes in surfoce
Surface disintegration
10 per cent shrinkage

Experiments are being conducted in which 4 X 4 prototype memory planes are being molded

from Thiokol-cpoxy resin formulations. A 100 per cent Thiokol formulation was too flexible,
although it did not cause any core degradation due to stress. The epoxy content will be increased
to determine whether or not a suitable material for imbedment can be produced.

E. B. Murphy

Dark brown
Dark brown
Dark brown
Dark yellow
Mottled brown
Mottled brown
Mottled brown

C. Resistance Measurements

A number of clectrical resistance measuring tests were performed during the summer

Coloration

months on printed-wiring pr and | . When normal precautionary techniques in
etchant ammersion, rinsing and defluxing operations were used, resistance values on laminates
remained at a ble resi (50,000 hms) level. Unless the test board showed sig-

nificant physical degradation, little electrical deterioration resulted from the miscellaneous

Pale yellow
Pale yellow
Pale yellow
Pale yellow
Pale yellow

145° to 150°F)

chemical treatments to which the test specimens were subjected.

The most realistic test seems to be with an ASTM (American Society of Testing Materials)
A guarded electrode permits resistance measurements to be
tivity This latter value includes a volume

guarded-ring (bull's-eye) pattern.

TABLE 76-1V
ACCELERATED WEATHERING BY ATLAS WEATHEROMETER TYPE DMC-H

made on volume surface resistance and surface resis
st requires exposure for 96 hours at 35°C £1°C,

light/18 minutes of light and water)

component. The usual accelerated humidity te
and 90 per cent rh % 2 per cent rh.

Twe modifications have been suggested by
tests, appear reasonable. One 1s to modify the test pattern so that the spacin
trode would be 1/16 inch rather than 1/8 inch. This would merease the sen-
d to 24 hours at 50°C £ 1°C

Exposure Time
(hours)

industry which, from a limited number of our

e
2
g
5
a
E
2
°
g
5
8
x
S
2
<

g between the

(102 minutes of

Density
(pef)

inner and outer elec
sitivity of the test. The second modification is to shorten the test perios
ations caused resistance values to drop
1o less than onc-tenth (70,000 megohms) their original value in the 24-hour period. This indi-

ards took place in this period under these conditions

The 24-hour test gives the same re-

and 90 per cent rh * 2 per cent rh. In fact these modufic:

cated that more serious degradation of the bo
than took place in the longer period with milder exposure:

sults as a test of approximately one month's duration under the milder conditions.

Description
Hooker 126A
Hooker 126A
Hooker 126A
Selectrofoam
6002 & 6003 sprayed

Selectrofoam
Selectrofoam
Hooker 126A
Hooker 126A

E. B. Murphy

Hooker 126A coated:
(2 Primer, 3 Radalon)
Hooker 126A coated:
(2 Primer, 3 Radalon)
Styrofoam Q103.21 Hd
6002 & 6003 sprayed
6002 & 6003 sprayed
Expandable Polystyrene

D. Plated Connections

We have found that to make a good electrical and mechanical contact between 2 deposited

edded lead, a thin copper oxide coating is benefcial.
dhestve force of the bond formed by chemically depositing
failed, due to tearing of the copper plate when

printed-wiring conductor and an imb
Several attempts to measure the a
oxide surface have

copper on a reduced copper
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attempting to peel this plate from the base metal. A suitable test procedure which did not
contain any influencing variable was a modified Jacquet method as described by Linford and
Wenkateswarlu® This test was used to evaluate the effect of copper oxide on the bond strength
of a nickel electroplate overlay. It consists of plating a copper tab Smm wide to a thickness of
80mils and then peeling.

A majority of our testspecimens still broke before peeling; however, one specimen did peel
before breaking and was calculated at 592 lb/inch width. These tests were performed on a Tinius
Olsen automatic recording tensile tester. Additional tests and comparisons are to be made.

In order to determine the optimum procedure for maximum bond strength, it was desirable
to know the thickness of the copper oxide coating. A photomicrograph experiment in which sil-
ver paint was used to separate the copper oxide showed nothing that could be measured. Better
results were obtained by weighing before and after the oxide formation. The oxide was dissolved
in concentrated ammonium chloride and the copper specimen reweighed. Our results indicated
that maximum deposit took place in 3 minutes and a thickness of 1.8 X 10" em (70 millionth of
an inch) was calculated.

E. Foam Encapsulant with Plated Connection and Printed Wiring

Unless serious i ion is given to

coefficients involved in an encapsulated
module, using plated connections, failure can occur prematurely as the heat is increased either
from operation or environment.

Expansion Coefficient per

Cu 9 x 107 in/in or cm/cm
Epoxy 60x107®

Epoxy resin + 50 per cent filler 250 30 x 1078

Ceramic-fired lava 5x1076

XXX P Phenolic laminate 100 to 200 x 106

Foams 20x 107

A number of foam samples were formulated with a density range from 15 to 40 pcf. Samples of
less than 20 pef operated above 350°F without opening a plated connection.

A module is to be made using ceramics and foams for conventional components. It is hoped

that eventually the experience gained with ceramic can be used for the miniaturized component
development.

F. Electroforming

Since last March, as a side line activity, a variety of

drels have been elect med.
Sufficient interest has been generated and the process has proved useful so that a more suitable

arrangement is to be made. The machine shop is planning to install an electroforming facility;

*H.B. Linford and A. Wenkateswarlu, Plating 45, 728 (1958).
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however, the Materials Testing Laboratory will continue some experiments in order to insure
an optimum procedure. The force necessary to separate a stainless steel mandrel and a brass
mandrel has been measured. The stainless steel mandrel requires a maximum force of approxi-
mately 60 psi of mandrel contact area for separation. This mandrel has been passivated and has
received a film of graphite (not visible to the naked eye). If the area is large, and therefore a
large force, advantage may be taken of the large difference in heat conductivity between copper

and stainless steel. Their uni y are similar but copper can be
heated 100 times faster and separation facilitated. With regard to a brass mandrel, no assist-
ance can be expected from either the expansion or conductivity properties. A silver iodide coat-
ing on brass, with no graphite treatment, required a force of 750 psi of mandrel contact area to
start separation. If graphite is applied, the value is reduced in half to a force of 300 psi of man-
drel contact area.

[

Fig. 76-71. Electroformed waveguide with inserts.

A recent waveguide product to be used in a maser application is shown with inserts electro-
formed in place (Fig. 76:71). No soldering was required and close tolerance as to their position

was readily met. E. B. Murphy
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