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ABSTRACT

Production Engineering Measures were applied to the 70 Gc¢
magnetron developed on a previcus R and D contract,

The four major changes in the tube and process design were
(1) a ~hange from a glass output window to a ceramic output window,

(2) an improved integral cathode centering device, (3) additional finish
treatment of assembly to prevent corrosion in storage and (4) increased
vacuum and other cleaning processing of internal parts to improve life,

Studies were made on frequency tunability, and irtegral ion
pump appendage modifications, These¢ were not incorporated,

A specification i- the MIL Format was proposed and approved
and the tube was registered under the number 8558,

A hobbed anode manufacturing facility and capability was estab-
siched at Bomac as a second source to other such facilities, Bomac's
facility is established to perform hot hobbing and is at present being
used to make anodes from 16 to 70 Gec,

Preproduction Approval Testing was performed on five (8) tubes
with no failures and the procedures and data are included herein,

Acs - --ing to agreements between Bomac and the Signal Corps,
reached aiter the preproduction approval tests were completed, the

pilot run of thirty (30) units was deleted from the program.




PURPOSE

The purpose of this PEM Program was to investigate minor
constructional modifications in the BL-22]1 magnetron design and
to set up a manufacturing facility capable of producing at a rate of
fifty (50) tubes per month,

Among th~ ~~~e*-yctional design modifications undertaken
were:

a) Construction and evaluation of a BL.-221 tube with a

permanently attached Vac-lon Pump,

b) Replacement of the present glass output window

assembly with a ceramic or sapphire structure,

Four (4) model tubes incorporating the design modifications
adopted were delivered to the Signal Corps for evaluation purposes
and thirty (40) additional tubes were to be manufactured after approval

by the Contracting Agency,




NARRATIVE AND DATA

Status of Deli&n Prior to PEM Prggram

Prior to the initiation of this PEM Program small quantities
of tubes could be provided at a manufacturing cost in the order of
$5,000. A group of such tubes were made and delivered on a Signal
Corps purchase order, The tubes deteriorated during storage and
many had to be replaced, The storage deterioration was found to
be due to (1) hydrogen penetration caused by external surface cor-
rosion and (2) mechanical instability of radial cathode position,

The high cost of manufacture was due to several factors,
Assembly yield was poor due to poor braze flow, cracked cathode
emitters, broken windows and many other lesser reasons, Test
yield was poor because of burned cut windows, inability to properly
center the cathode radially in the anode, improper frequency, low
power and moding,

A firm specification cou'd not be prepared a. that time, since
testing facility and methods had not been adequately developed.

Construction of tubes prior to the PEM Contract was dependent
on a single outside source for hobbed anodes,

Sheli Storage Life

The priblem of short storage life was investigated along two
avenues, Cne studied the feasibility of an integral vic-ion pump
appendage and the second studied various tube iinishes under heated

and humid conditions,




11,

Shelf Storage Life (continued)

A‘

A Vac-ion Pump Appendage

A special tube magnet was designed toprovide the necessary
field for the Varian 913-000-2 pump in additio~ *o ‘ra* needed for
the magnetron, The package is shown in Figure 1. The appendage
and magnet change caused an increase in tube weight of one quar-
ter pound. A total of eight (8) tubes were built;two of which were
standard control tubes and three of which were lost 'n assembly
stages. The two control tubes were tested throughout the program
with the regular unintegrated vac-icn pump attached but not running
except when a pressure reading was required,

All tubes were held for 1/1-2 months shelf sturage and then
initiated on life test. Internal tube pressure and test readings were
monitored periodically throughout the sequence. Representative
data is presented in Figures 2 through 5, The data shows no signi-
ficant difference between the control tubes and the vac-ion append-
age tubes. Itis apparent that continucus pumping 18 not categori-
cally helpful in prolonging the serviceability of the ®ube as 1t was
cdesigned and processed prior to this PEM Program. A more
extensive investigation applied on the present state of design might
demonstrate some significant results, but it seems mere logicai to
conclude when taking other facts into cons:deration that operating

life :s lim:ted by something other than vacuum degridation,

-4 -




¥ s NN IOTN

AOVANIIAV NN NOI-OVA en SUNSLOn ‘ HON! 1yt B30 01 2 G

ANVEMOD S50 QMIQINVYE

BidVd HdY U ON3S 10t T ON

)
N M s e —

VAC-ION PUMP
APPENDAGE TUBE
FIGURE 1




ooy o _

b

s e

s bows b e bt bewn bemne e

2 2an g

i : [ - i s :
. . ) 1S IR :
“ : oY ! & : o,
: ot o } [} : — ity
PUSGEEI S - - o -
m. : ’ : . . v { 1S5
.l N - :
e i = :
1 : T ” 1
H . - Sl i X T N . T ¢-§as
. v ), o e ' EEE e . R - I PR il 158 BN
-+ : - 4
i 1l : [RERE o404 i BEPSE 598 X MO | 8
= T SS9 MR B X7 vt
" : R DR B ¢ : i 3 :
an : .
b ‘ iy 1. ) .
™ : — ™ I T ; T - T
NS ) . . T EEEEY R . 0 — . . Vi
cpefreey 1 .. — (X3 . ‘ . - . Sy
- 1222 IR TR M N . T M — i N N . . . -
B2t Lot . . ' 1 . R SN ..- . i .. BN
b —f S SUUNE DESSS 5 S - I —]
147 1 : aens hate : Shetoss Aades -
. ey bay. i - : . . . . . . . MRS P S. . ..
PR B PR ‘e D SRR I . PY U S : P
P17y : v - S bl . : RS S - .
: LSS ' : : o f . :: !
1 S ' . : 1 ! ; ° o
N e . . . b - . . . i L.
- - «'u.A. - T !‘;Ilv.!{*l'.’l!'.. e +
. o : N ' I RN PR ' :
. .y . s . ) . H PRV
Lt 58I b : R J : ) T 5 , H : .
i S, M . N P S o nl N N V -
SRS BSOS S5 LU THEES NERDS TN Jps RGNS VU0 NUDNS IUSES SRSEI CASNE SSURY DUNNE HNL NS 8 A_ - R
PERE Sps3e N I L U R b i o 1 : . : ¥
RS $33 %1 xww ED8S ENERE TARTE & . : IR HE o S e : J 1. :
e 3 pae: e -
evederee ..F;... 14a 2 IEFE - +8 - .. v ., N N N . N - .. .
B besd I} ; R N diod ! : ; . T
FEE3Esas tpe el 481 ; g R R Btad chats 1xbs S 4 o .w .
196 +4 4 H R & parey MDD Sl v N M .o M . 4 .
it 133: 133000833, : 13" 1 L R 5 BI% s iS85 IR 3% N B
e T . : ST RSN ST S ETs et o & S50 FUGIN 10N SONS S
SUREEE PREE oot canrk S 3 et M : w:n,.”.:_:;, 53 EEE : ! ¥ & . g ;
SRS INEE] JRE00 128ES 3T vr-feecificicde .. ' " SEI R3S TP I IS I N OO v 1 o vy { m ; i

0z¢

‘ON TENL

SLSIL TYNSSF¥Ad

TJOVANIIAY dNNd NOI-DVA

¥ S NG 30T
LY U NGO
ANVAMOID) -3 20 OSr01NYEL

anl TVNA

LNI DI
HON! 3Tvr4 ¥le¢ O

o 3 A 2 bR AN T et WL

o1y

L N

Ay mr

P




- 7Z-149

€ 2an8r g

! i

. i _ : 1 j J i . : 1
! *PrnaTWI uLo 03 1énbs 81 (UOo3RINp b.mudn.u%«wno@mhﬁ;.mw iﬂm& .-A&JNIWW»@% R
: = : L : - C , _ " RN R
; X . : : . . ! : ; . : 1
| 1

-

t

S TP Sl

: m H
. - . M w i I
! i | o b L I R _ R
e T e T teagER | aslssn | dsifesen| vesguzy tefksen T

. . . . T
i : i : ' . ; - . %
. - i ] . . . S . N . .
.. Ve i . . . P f H . . ' '
= 114 wl'ofnoi,-ALt,.vT.v e PRSI SRR PR I SUDERE Saht RS B !w.‘.t .A|WH,.Z. - ”,|1A ...,..A ,,,,,,,, S

— vy - -—— -

:

¢ 1
[ '

+

00 VP S S

I | : : ! j h ..
..... —~+—1 1 T : T T T T T T Y T T
- . .- 4 . . b . H !
4 PSS PO 18 _ o : | : i . ! :
POY RS I 1. - F Y m T 1_1 + T ' I . !
F S ! : o i ; . !
: : :.14..:?!‘-1."?; [P N L. B - . D X -
............... ; : ;o ! :
. T m i 4 !
- 1 e R S S PRt = - Lwl'q-- e
se .Jm . ) 1 »
. N ' . 1
!

4
!
e
i
~4 «-{- 1- -+
i
e
7
St
+
!
i
}.
.'_{..4,‘
i

b Aundetas ol
[}
—t
i
‘
t
)
L
i
l
.
'
i
—
!

——d -

i
i
|
1
{
!
i
]
}
|
]
!
!
|

! ! : i [ '
- —— |v|*.a,v *l‘o L)Av ey - S saad —— - ‘IlF..VIL]c.;OOA "cll\%l.t| -
’ ‘ ! :
. . ;
. —— + -—
m ; ; : .
PRI WS - . m 4 - _ - —

.
fe e vd

— e

P ; I

L1

€2¢ ‘ON S1SIAL H%Dmmﬂwm ddNL TVNYIINI DIqQOIddd

44Nl NOISIA QUVANVIS . -~ & e

v Fiiwa e R

-

Bowary Jc S R S berwe bevn & borcen

|
l
[
|
I



¥y @2anBrg

(a8ed 3x2u uo °3,3u0d)

S61 g-01 X1 PI®H $000°0 00% '8 20°0 6°69 €°11 8°¢ GZ°p1 S 06 0°tl S°1 9°2 ¢€°9 w TGP
801 g-01 X U PI®H S000°0 00%‘® 90°0 8769 9°01 £€°G G6°¢El S¢ 0°60°1 S°1T 9°2 €77 w 2IRU/ Y
2s g-01 X1 PI®H G000°0 00%¥‘8 90°0 L°69 001 0°G G6°¢l S 0°60°1 §°1 92 €79 W 23/1/¥
0 g-01 X 1 PI®H 5000°0 00% ‘8 720°0 6°69 011 9°G G6°¢l Sy 0°6 0°1 S°1 9°2 €7 P°IVT Z9/01/¥%
g-01 X1 PI®H G000°0 00¥‘8 90°0 6°69 O°ST S°L 00°p1 I°S 06 0°T S°1 9°2 ¢°9 w 29/%/¢
g-0l X1 PI®H $000°0 00%°‘8 90°0 6769 0°71 0°8 00°%I Z°S 0°6 0°T S°T 92 ¢79 W 29/1/¢
g-01 x 1 ©PI®H $000°0 o0 ‘8 G0°0 6°69 O0°L1 §°8 00°%I 2°S6 06 0°1 S°1 2°2 €79 v 29/1/2
g-01 X 1 PI®H S000°0 00%‘8 90°0 6°69 O0°Ll S'8 00°%l Z2°S 06 0°t S°T 92 €°9 ° . 291
g-0l x1 PI®H G000°0 00¥‘8 90°0 6°69 O0°€l €°9 06°¢l Sy 0°6 €'l 0°2 9°2 €°9 w 29k N
g-01 X1 PIX®H G000°0 00¥°‘8 90°0 6°69 O0°tl €79 06°¢l S’y 06 €°T 0°2 92 ¢€°9 W 191221
g-0U X1 PI®H G000 ‘0 00%‘'8 90°0 6°69 D€l €°9 09°¢el S'¥ 0°6 €1 0°2 9°2 ¢€°9 o 19/51/21
g-01 X 1 PI®H $000°0 00%°‘8 90°0 669 O0°€l €°% 0S°¢l S’y 0°6£€°1 02 9°2 ¢€°9 W 19/6 21
g-01 * 1 PI®H S000 ‘0 00%°‘8 90°0 6769 0°¢l €77 04§°¢l Sy 0% £€°1 02 9°2 ¢°9 oo 1S/1R1
g-0t *1 pPI®H G000 °0 00¥‘8 90°0 6769 O0°cl €°9 06°¢€l S'FP 0°% €°1 0°Z 9°2 €°9 JFI2tS DA
L-01 X1 PXeH G000°0 00%‘8 90°0 6°69 0°G1 S°L 0G°€l ¥ 0°6 €°1 0°Z 977 ¢€°2 reninu 191 /M
sapho | (FH wud)] xasing (sdd) [Epas Oy [(4m [ (m) | D | ®@a ] (v (W] ()] (v) 4 (A) o
ayt1Jo | sanssoad} adL3 np yJad d oq od od Ada nm RN W ouda| ! uq . ared
-dquITN aqmy Suneis Funaeyg SISAL 4,4
Teuxayug suonIpuo) 3s[ng nding suotjTpuoy) Induj suonIpuo) I3jeIH
02€ °ON IANL ADVANIAAV dWNd NOI-DVA
Vivd 1S3l

7Z-1d




JO §50] 03 PIINQIIIIE SeM SIY]

AN (BT) usaaiySio aa40 03 paseaxdur aed juniind yeod sdwe aary jnoqe 1y

VLV L5AaL

-Td

(p,3u0d) p aanBr g

*uoISSIWD Ipoyed

:3J0N

A193ewrrxoadde 821242 986 - FJIIT TVI1IOL

o

L}
2€9  glotx1 ~O1PH 230N 295 S$°2 €9 . 292 /S
ovs g-01 X1 PI®H 6000°0 00%‘® 90°0 0°0L 0°6 S°%y 05°G1 0°¢ 0°6 €°T 1°2 9°2 £°9 n 29/0¢/¥
00S g-01 X1 ©TI®H G000°0 00 ‘8 90°0 6769 O°IT G°S O1°GI 0°S 06 0°T S°1 9°2 £°9 w 292U Y
oo% g-0l X1 PI®H G000°0 00F‘8 90°0 669 0°01 0°S §S°b1 S 0°60°1l S°1 9°2 £°9 w 29/€2/%
792 g-01*1 PI®H $000°0 00¥°‘8 90°0 6°69 Z°01 1°S SE°Pbl S°* 06 0°T G°1 9°2 €°9 SIv129/8IA
sa12A5| (BH ww)| Tosing (sdd) T(a3a8 A Gunn [ (=) T WY | (20 | (2w AR BN >1eq
a1y Jo jaaresaxd | adfg np yxd d og od od Ado 9 vl Udg | I § X3 JSILSAL | 1821
SQUUNN aqm Zunexsdp |Sunaerg

reuvxajug SUOTIIpPUO,) Is[Nd 1inding SUOIIIPUO) Indu] Haoﬁ:u:oo I31edH

(*p,3u0d) 02€¢ "ON FFNL IDVANIAJIAV dIWNd NOI-DVA
V1ivVa LSJ3dL 12Z2-714d




G andr g (28ed 1x2u uo °p,3u0d)
99+% PITH  G000°C OOB‘8 90°0 08°69 #°8 2°v L°k1 2°G 0°6 O°1l G°'1 66°2 €°9 . 29M2/¢
90¥ PI®H  G000°0 O00V‘8 90°0 08°69 2°6 8% 92°F#1 2°G0°6 O0°I S°l 4§°7 €°9 .. 29A2/¢
09¢ iy PI®H  S000°0 00F‘8 90°0 08°69 0°0T O0°S 9°Fl 2°60°6 O°T G°1 66°7 €°7 . Z9RZ/¢
€1€ PI®H <0060 O0F‘'8 90°0 08°69 O°Il G°S 9°pP1I 2°S 0°6 O°1l G°1 65°27 €°9 .. 29Nt
L0Z PI®H  G000°0 00¥‘'8 90°0 0'67 O°IT 6°S S°¥1 2°6S 0°6 Ol <°1 66°Z ¢€°9 .. 29M1/¢
26 PI®H  G000°0 00F'8 90°0 08°62 0°b1 O0°L S°¥I 2°G 0° O0°T <€°l 6§62 €°9 . 29MUs
S9 PI®H  G000°0 00F‘8 90°0 08°69 O0°€El G6°2 G°¥1 2°G 0°% O°T G°l 66°2 €°9 .. 29/V¢
] PI®H  G000°0 OO%‘'8 90°0 08°69 O°€El G°9 %G1 2°G 0°6 O°t G°1 §6°Z €°9 »ji7 29/€EVE
g-01 X PI®H  G000°0 O00¥‘8 20°0 08769 O0°€El G°9 L€l 2°60°6 O°F S°UL $§°Z €°) . 29/1/2
g-01 X PITH  ¢000°0 00V ‘8 90°0 08°69 O0°€l S°2 8°€l 2Z2°S 0°6 O°l S°l 6§62 €°° .. 29RIN
g-01 ¥ PI®H  9000°0 O00¥°‘8 90°0 08°69 0°21 0°9 S8°€l 0°S 0°6 O0°l <€°l SS°2 €°9 . 29/6/1
g-0l X PI®H  G000°0 00¥‘8 90°0 08°69 0°ZT 0°2 €°€l 0°S 0°6 O0°I S°I SS°Z €°9 . I19M2/21
g-01 % PIBH  c000°0 O00F°‘8 90°0 08°69 0°21 0°7 €€l 0°C 0°% N°! C°I 662 ¢€°2 N2%S19/61721
g-01 % PI®H  G000°0 00¥°‘8S 90°0 08°67 0°Z1 0°9 8°El 0°C N6 N°] c°1 ¢cG*z ¢°7 e [9/8/¢1
R o1eq
8ap>h> (BHurw) hosiog .mamv w.u%m& (dury) | (239) | (M) (A) | (BWh (V) ) (V)] (A) | (V)] (AN creqylisal
2311 Jo |oxnssaxd adA 1 nd 3 } °d od °d Ada U ! b | 3 ) it 3
[aqump aqm ! | wadm.uum.m yuamuuSm
[euxajuy suonTNUOD) IsIng indinp puontpuo) nduy SUNTITNUO) IIjedY
€2¢ °ON ddNl NDISAA AdVANVIS

Viva 1LS3AL

Eladal

L
(=
e
[




(p,3u0d) ¢ 2anBy g

821045 pgg -

J4IT IV10L

.w.:ﬁuua 2311 103 uoneaedazd
ut aqny jo Furexdoed [eury 03 paINQlIIe AVd UL I8EIIOU] o

13

865 PI®H  S000°0 00%°8 90°0 yead edure g aaoqe Aipeq Sutpow aqnl  65°7 €°3 . Z9MZ/E
99¢ piey S000°C O00F‘8 90°0 08°69 0°6 S°¥ B'¥l 2°S 0°6 071 S°1 S§°7 €°9 DJvT29WZ/
sork> | (51 cw) uuM.Msm ?mwv .-.uwu& (owy) J(m¥) (M) (a) | ()T (V)] (WIT () [ () | (A} dieq
adA 1 ng 31 3 o4 od |og Adeo ' q; iq
3311 Jo |danssaxd M 1 _ vl ur | w3 | ul nwihm.ﬁmnwh 18y
I2QUINN] aqm ‘ ,.um.ﬁnuvmo Junuieig i
[euzajug suonIpuon) IsIng nding ﬂcoﬁmvnou ndug SUOTIIPUO ) I1IJCIH M

SN WE N v v NG GER e bmw e bew e ke o, s umt Govd Ome  BEE

{*p,1u03)

JdNL NDISTA QUYVANVYILS

€2¢ °ON




II, Shelf Storage Life (continued)

B. External Finish

The graph Figure 6, and the picture Figure 7, illustrate the
effect of temperatus~ and humidity exposure on tubes procrssed in
four different ways,

The method originally used to prevent corrosion during stor-
age was to nickel plate all exposed ferric materials prior to final
assembly and before exhaust and bakeout, Pressure readings
taken on a control tube stored at 100°F and 95% humidity along
with the poor storage life experienced in the field indicate that
this plating is insufficient,

Turee alternate procedures were tested and each provided
adequate protection up to 100°F, None provided protection at
100°C. The three alternate procedures were: (1) increased
initial nickel plating, (2) gold plating after exhaust over original
thin nickel plating, and (3) nickel plating after exhaust over orig-
inal thin nickel plating.

In the future when the next tubes are built additional safe-
guards could be applied, These may include: (1) gas atmosphere
or vacuum protection of an original thicker nickel plate during
exhaust, and (2) use of primer and finish paint materials prior

to magnet assembly,

-12-
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BL-221

MAGNETRONS (BODIES) AFTER EXPOSURE
TO HUMIDITY CHAMBER
TESTS

Tube with nickel plating
after exhaust

Tube with Gold plating
after exhaust

Tube with heavier nickel plated
parts before exhaust

FIGURE 7
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111,

Ceramnic Window

In order to prevent window burnout or suck in during testing or in
field service a ceramic output window was substituted for the original
glass structure,

A high Q design shown in Figure 8 was tested anc quickly discarded
because of the inability to match anode frequency to the window pass
band. A broadband design shown in Figure 9 was developed and found
satisfactory,

It may be noted by reference to Figure 10 that a low value (1.1 or
better) of VSWR was not achieved. The r-sult of this is that output
coupler position and exact waterfall configuration critically affect
power output at test., An adjustment and/or selection process during

first test must therefore be retained,

- 15 -
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1V. Ancde Manufacture - Bomac Facility

Prior to and during the modification study phase of this program
anodes were purchased from Anton Manufacturing Co. These anodes
were prcduced using cold hobbing techrniques and were satisfactory in
tube manufacture,

Bomac manufacture of anodes commenced during the fifth quarter
between 6 August 1962 and 6 November 1962, Ten tubes were made
using Hob B-1 which had been made at Columbia to test the hob grinder
machine and Hob B-2 which was the first hob ground at Bomac,

The hob material, Vitalium No. L605, as supplied by Austenal
Labs of New York City, proved satisfactory, Later it became appa-
rent that the hob material had to be more specifically specified in
order to consistently procure material which had adequate hardness,
The resulting designation (5" x . 800" bars of Varian material, Stellite
#34 with hardness of 45 - 50 Rockwell) should be used when procuring
this material,

Hob B-1 was found unsatisfactory due to dimensional errors in
cavity depth, These tubes moded severely, Hob B-2 was found satis-
factory in terms of cavity dimensions but on the initial tube run freq-
quency scatter was excessive, Later this was determined to be the
result of machining and deburring methods, It was neceseary to re-
duce the depth of all cuts during anode machining and make extensive
use of the optical comparator to determine dimensional compliance
afterwards. The final machine cuts were reduced to ,0002" to reduce

vane deformation and burring.

-19 -




1V, Anode Manufacture - Bomac Facility (continued)

The following steps were established for the anode manufacturing
routin.:

1. Hob blank made from certified Electronic Grade OFHC
copper,

2. Blank assembled to hob holding die and thermocouple and
placed in hob press,

3. Assembly is heated to 750°C by RF induction heating,

4. Hob is pressed into blank with continuous motion at a
constant pressure of 625+25 psi up to a positive stop,
This pressure results in a linear speed of penetranon
of approximately 0,160 in/min.

5. Assembly is cooled and the outer diameter of the anode
blank is turned to finished diameter concentric with hob
to within , 0002" TIR.

6. Anode blank is stripped from hob using Buehler Speed
Press at very low pressure,.

7. Hobbed blank after preliminary inspection is placed in
potting fixture and filled with lucite powder, Potting is

heated to 175°C and placed under a pressure of 1000 PSI
to fuse the lucite powder,

8. Potted and hobbed blank is then lathe turned to finish
diameter dimensions,

9. The lucite potting is washed out with chloroform with
the aid of ultrasonic agitation and the machined anode
blank is placed in a special spindle tool to allow lathe
turning of the output circuit recesses in the side of the
block,

10. The anode is deburred by hand and knife methods.

11, Alignment of the blank to center one of the large cavities
or. the spindle axes is done on the optical comparator,

12, The anode must now be repotted with lucite in the same
manner as in Step 7 to prevent collapse of the vane
structure during output machining,

- 20 -
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IV. Anode Manufacture - Bomac Facility (continued)

13,

14,

15,

16,

The output recesses are lathe turned into the anode,

The potting is again dissolved in chloroform as in
Step 9,

The output area is deburred,
The machined anode is then measured on the optical compar-

ator, All dimensions are recorded for Engineering studyand
acceptance,

Life of accepted hobs with this procedure is at least 50 anodes, An

attempt was made to cold hob but life of all cold hobs made at Bomac

was limited to only 4 or 5 presses.

The disadvantages of the above procedures are:

1.

The two potting operations consume excessive time, To
accomplish the rate goal an improved potting method should
be tried, If such cannot be found then the rate can be achieved
by duplication of facility. The potting material to be tried
sometime in the future consists of a mix of precipitated
calcium carbonate, ERL-2795 plastic frormn Palmer Products
and hardener ERL- 2743,

Hot hobbing results in annealed units having substantial burrs,
Hand deburring, which requires high skill, is the only method
of deburring that produced acceptable results,

Dimensional requirements are so severe that even the most
skilled machinist working with a precision lathe ¢an only turn
out about a 50% acceptance rate, To reach the rate goal at
acceptable costs, special machines which are available,
should be used, However, duplication of present lathe
equipment would achieve the rate goal if necessary,

Spark machining methods were investigated to machine the output

recesses, The cutting speeds were set to improve upon the time re-

quired to lathe turn these dimensions. Dimensional and burring results

were worse, It was concluded that spark machining would work as an

alternate method but that unit cost w ,uld not be improved,

.21 -




IV, Anode Manufacture - Bomac Facility (continaed)

Another hob, B-3, was made to back up hob number B-2 in pre-
paration of the pilot run, Hob B-2 and B-3 were used to make the pre-
production samples,

Figures 11 a.nd 12 show the hobbing and machining tools for these

operations.

- 22 -
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V. Manufacturing Methods Improvement

A. Cathode Centerin‘_ Device

The BL-221 contains a cathode centering assembly
permanently affixed to the magnetron, Radial centering
changes of less than ., 002" will change a tube from com-
plete acceptability to complete mode behavior, Because
of this, the device must be smooth in its operation and
stable in storage, The original design, shown in Figure
13, used 4 centering studs pushing on 4 ball bearings on
point contacts and these in turn pushed on 2 centering seg-
ments, In use the centering studs became scribed and the
adjustment became discontinuous, Further, 2 centering
studs could not uniquely conform to the diameter of the
cathode structure and hence a small amount of backlash
existed between the centering segments and the cathode,
The new structure, as can be seen in Figure 14, corrects
both of these defects,

The centering segments, ball bearings, and centering
pins are all hard materials and have exhibited essentially
zgero plastic flow during the tube life, Thus the position
achieved during testing should be stable for an adequate

amount of time,
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V. Manufacturing Methods Improvement (corntinued)

Bo

Frequency Tuning

In order to reduce the dimensional severity of the anode
machining operation it was thought that a frequency adjuster
could be included in the tube design tc bring tubes at test to
the correct frequency when these tubes were built with anodes
which were off frequency at the start,

With the second design, as shown in Figure 15, a tuning
adjustment of 2.5 Gc was achieved, This amount is adequate
to appreciably relieve the dimensional tolerances required of
the anode machining operation, However, mode stability
changes and power output variations with frequency changes
geverely limited the amount of tuning actually achieved in
finished tubes, The effort was discontinued,

Cold Test

—

All of the resonance and Q measurement: made on this
device have been done using a QK 8065 klystron as a power
source and slotted line point by point plotting methods.

N~ar the end of the program a Varian Canada klystron
VC-705 was procured to provide sufficient power to operate
a reflectometer type of cold test bench., It 1s quite apparent
at this time that production obacrvations of resunance charac-
teristics of the ¥ and 7 -1 modes and the determi:nration of cold

resonance {requency has been aided,
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V.,

Manufacturing Methods Improvement

C.

Cold Test (continued)

More work is required, however, to establish better
correlation between cold test and hot test results,

A wide band sweeper can now be assembled at this band
and such should be done prior to any new development ox major

production work,

Processing of Bomac Manufactured Anodes

During the first attemptto evaluate tubes made with Bomac.
manufactured anodes in preparation for the submission of pre-
production samples it was found that operational life was very
poor, The tubes exhibited rapid deterioration of cathode emis-
sion, On dissection anode vane tips were found severely erroded,
copper deposition on the cathode emitter was evident and carbon
particles were found,

Procedures for cleaning and processing the anode part
was investigated, It was found that simple soaking in chloro-
form was insufficient to achieve adequate removal of the lucite
potting material, Ultrasonic agitation was added to the anode
manufactering procedure,

In addition, it was decided that additional processing would
be desirable to insure complete removal of all organic materials

and rough edges from the hand deburring operation,
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V. Manufacturing Methods Improvement

D. (continued)

1)

2)

3)

4)

5)

The resuiting process is as follows:

Following ultrasonic cleaning in chloroform and adequate
water rinsing the anode and output structure is brazed in
very wet hydrogen to remove carbon,

The aesembly is electrolytically polished in the area of
the anode vane tips,

The assembly is ultrasonically washed to remove all traces
of glycerine which is used in the electropolish solution,

An oxidizing, etching, and hydrogen firing sequence was
tried at this point but later discarded as not necessary,
The assembly is vacuum fired and inspected for discolora-
tions and deposits and if clean is allowed to proceed to the

next assembly,

Considering the poor life noted on the first tubes manufactured

with Bomac anodes it was believed necessary to re-evaluate the entire

design after the introduction of the above processing for shelf and

operational life pricr to any attempt to submit for pre-production

approval, Such was done and the life results were so much improved

that a specification change adding 50% to the cycle life test was pro-

posed,
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V. Manufacturing Methods Improvement (continued)

E. Test Specification

The introduction of the improved anode cleaning process and
new more accurate methods of test kit calibration added one new
problem, The tubes were high in peak anode voltage to the 14,2
kv maximum test limit,

About 500 volts were added to the test readings due to cor-
rection in the voltage calibration methods, About 300 volts were
added to the actual voltage because of anode diameter increase
during electropolishing, A review of data also indicated that the
tubes with lower values of anode voltage also had greater leakage
current and hence were less efficient,

Two things were done to correct the problem, First a change
from 14, 2 kv to 14, 6 kv maximum and 15, 0 kv maximum at end of
life was negotiated with Signal Corps technical personnel, Secondly,
the machined dimension of the anode inner diameter was reduced
by .0005" to compensate for the electropolishing.

In parallel a new hob was made to voltage scaled dimensions,
Tubes made with these voltage scaled anodes however, were mode
unstable. This approach was dropped when the above solution was
proven,

A revised specification was agreed to on 23 October 1963 and
the tube was registered as an 8558 with reference to that specifica-
tion,

- 32 -
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VI,

Test Equipment and Measurements

Three test stations were built to be added to test stations built
on previous contracts, Also a spectrum analyzer was constructed,

The contract specification called for an oscillation condition
using a 0, 03 pusec pulse width and a duty cycle of , 0005 in addition to
two other sets of conditions, The high repetition frequency involved
with this particular oscillation condition caused overheating of the
high voltage power supply plate transformer and the charging choke
parts of the two soft tube type of modulators,

Although considerable effort was expended to obtain parts
with sufficient rating this condition had to be reduced to a lower
duty cycle before testing could be accomplished at the short pulse,
The specification now in issue reflects this change.

The total test line now includes two soft tube modulators,
two hard tube modulators and two life test or aging modulators, All
sets have adequate plumbing and their are two spectrum analyzers,

This is sufficient to achieve the monthly rate goal,
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PREPRODUCTION APPROVAL TESTS AND PROCEDURES

) Introduction

1.1 The governing specification for this testing, entitled BL-221, and
hereafter referred to as the TSS (Tube Specification Sheet), is dated
9-23-63, A copy of this specification approved by the Signal Corps
on 10-23-63, will be found in Appendix I, Application for RETMA
registration was made after the specification approval and the tube
type number 3558 was subsequently assigned,

1.2 The order of testing and test dates were as follows:

Test Date

1.2.1 Cycling Life Test (start) 11-18-63
1,2.2 Pressure Tests and Initial Electrical Tests 12- 5-63
1.2.3 Vibration Tests and Post Vibration Electrical

Tests 12-10-63
1.2.4 Shock Tests and Post Shock Electrical Tests 12-11-63
1.2.5 Temperature Tests 12-11-63
1,2,6 Pre Shelf Electrical Tests 12-18-63
1.2.7 Final Electrical Tests 3-19-64
1.2,8 Dimensions 3-20-64

1.3 Testing was performed at Varian Associates, Bomac Division,
Beverly, Massachusetts,

1.4 Technical Personnel

1.4.1 Thomas G, Prescott

Mr., Prescott received the Bachelor of Science Degree
in Electrical Engineering from the State University of

Iowa in 1943, Mr. Prescott was employed by Sylvania
Electrical Products, Inc, from 1944 to 1948 as a Pro-

ject Engineer on developmental magnetrons, He served
as Technical Radar Officer in the U.S. Navy from 1944
to 1946,

Joining Bomac Laboratories Inc., in 1948, Mr, Prescott
served as Senior Engineer in magnetron development and
assumed the duties of Chief Factory Engineer in 1951,
Since 1958 he has been responsible for all phases of Quality
Control and Reliability for the Bomac Division of Varian
Associates, successor to Bomac Laboratories, Inc.

- 34 -
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1.

Introduction

1.4 Technical Personnel

1.4.1

1.4.2

l.

4.3

Thomas G, Prescott (continued)

Mr, Prescott is a patentee in the Microwave Devices field,
He is a member of the American Society for Quality Control
and is a Registered Professional Engineer in Massachusetts,

William G, Richards

Mr. Richards graduated from high school in 1945 and studied
at the School of Practical Arts and Northeastern University
in Boston, Mass, from 1948 through 1951,

In 1952 he joined CBS Electronics where he supervised and
directed the sampling and testing for acceptance of all pro-
duction, He maintained close liaison with the Signal Corps
and applied the principles of Quality Control to all products,
He then joined Varian Associates, Bomac Division as Fore-
man of Quality Control in the Power Tube Group. In that
capacity he supervises and sets up in-process inspection

of all processes and establishes electrical sampling per

military and commercial specifications on magnetrons and
klystrons,

John J. Boyson

Mr, Boyson, after graduation from high school in 1948,
entered the Air Force. He received a diploma from the
ATC Radar School, Kessler AFB, Mississippi in 1949,

He then received experience in the operation, maintenance
and supervision of several radio and radar equipments at
installations in Texas, Okinawa, Japan, and Maine, Upon
leaving the service, John joined Bomac Laboratories as a
Test Operator, He gained a years experience in the testing
of UHF triodes, and in 1954 he was assigned to the Magnet-
ron Development Section as a Test Operator, During the
past ten years he has performed evaluation tests on develop-
mental magnetrons at frequencies from 5 Gec to 70 Ge,
During this period he assisted in the construction cf the
BL-20! magnetron, forerunner of the BL-221, and has had
nearly continual contact with the testing of the latter tube,
He is presently responsible for the special testing and
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1.

Introduction

1.4

Technical Personnel

1.4.3

1.4. 4

1.4.5

John J. Boyson (continued)

pulse circuit work associated with the customer applications
of magnetrons, John has attended both the Northeastern
University Evening Division (1955-1957) and Merrimac
College Evening Division (1961 - 1962) where he took per-
tinent courses,

Norman F, Tremblay

Mr. Tremblay graduated from high school in 1956, He
joined Bomac Laboratories in 1957 as a worker in the Pro-
auction Department where he gained general experience in
the construction and finishing of TR and ATR tubes., In 1959
he received initial training in the low and high level testing
of TR and ATR’'’s, He continued, now in Production Engine-
ering, receiving further test experience until 1962, when he
was transferred to the Power Tube Product Development
Group. In that group, initially he maintained and constructed
magnetron test plumbing components. During the past year
his duties have included the testing and evaluation of develop-
mental magnetrons from "'C'" band through "V'" band.

Michael Geras

Mr. Geras graduated from high school in 1953, He held a
rating of EM2 in the United States Navy from 1953 to 1957,
Michael attended Service School "Electrical Class A" in
1954, Massachusetts Radio School for Radio Technicians
from 1960 to 1962 and the Massachusetts Radio School for
Electroni: Technicians from 1962 to the present time, Mr,
Geras was hired at Bomac on March 26, 1957 as a production
assembler, He has been employed here at Bomac as a Test
Technician for the past five years,
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1.

Introduction

1.4

1.

5

Technical Personnel (continued)

1.4.6 Richard Flynn

Mr. Flynrn graduated from Frigk school in 1955, and attended
Service School ""Radar Class A and B" in 1960, he has been
attending Lincoln College (Northeastern University) evening
school since 1962 for Assoc, in Engineering, Mr, Flynn is
at the present time in the U, S, Naval Reserve, He was
hired at Bomac on January 8, 1956 and worked for two and
a half years as a production assembler, three and one half
years as a Test Technican, and for the past two years he

has been employed here at Bomac as an Environmental
Technician,

Standard Equipment Used Included:

105.1

1.5.2

1.5.3

1.5.4

1.5.5

1.5.6

Serial Calibration
Manufacturer Model No. Date Accuracy

Tektronix scope
with L head plug
in unit 541A 020896 12-11-63 3%

Associated Testing
Labs High-low temp-
erature chamber SLHU-1-LC-1 2021

All American
Mechanical

Vibrator 25HA 9931 9-24-63 1 CPS

Taft- Pierce Shock
Machine (Naval
Shock Machine) JAN-180 3-18-63 2%

Browning Labs
Standing Wave
Ratio Amplifier TAA-16B 249

FXR Directional
Coupler Mé610D 130 .4 db
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1. Introduction

1.5

1.6

l<

Standard Equipment Used Included: (continued)

Serial Calibration
Manufacturer Model No, Date Accuracy

1.5.7 Microwave Assoc,
High Power Dry
Load (2) MA-721

1.5.8 Microwave Asscc,
Standard Gain
Antenna (2) MA-627 54 and 57

Non Standard Equipment Used:
1.6.1 Modulator in Console, Hard Tube

This modulator, was built by Bomac under Contract DA-36-
039-SC-73285. This unit is used for all the routine electrical
testing of the magnetron and is shown in Figure 16. The test
position and plumbing is shown in Figure 17, The modulator
supplies the following pulse conditions:

Pulse Voltage = 0 - 15 kv

Pulse Current = 10 Amperes Peak

Duty Cycle = , 0005 max,

Pulse Width = ,03, .07 and . 25 ps nominal
Repetition Rate = 500 min. to 12,000 pps max.
Calibration Date: 12-4-63

1.6.2 Modulator in Console, Soft Tube, Line Type

This modulator was also built by Bomac under Contract DA-
36-039-SC-73285, Used normally for aging the tubes, it was
used d'ri _ the preproduction testing for pulsing the magnetron
during the Temperature Coefficient and Low Temperature
measurements, It is shown in Figure 18, The modulator
supplies the following pulse conditions:

Pulse Voltage = 0 - 15 kv

Pulse Current = 10 Amperes Peak
Duty Cycle = , 0005

Pulse Width = ,07 us nominal
Repetition Rate = 7150 pps
Calibration Date: 12-2-63

- 318 -




N R 2.
S5 gk -

REA ]
w %

'y :
i
@

Sl I

2

91 IUNDIL

- 39 .




ri:GURE 17

- 40 -




g1 FINOTA




1. Introduction
1.6 Non Standard Equipment Used: (continued)
1.6.3 Modulator in Console, Soft Tube, Line Type

This modulator was alfo built by Bomac. It however, was
built undezr the existing PEM Contract DA-36-039-SC-85974.
It was used during Life Testing of Tube No, 73 and is shown
in Figure 19. This modulator gapplies the following pulse
conditions:

Pulse Voltage = 0 - 15 kv

Pulse Current = 10 Amperes Peak
Duty Cycle = , 0005

Pulse Width = ,07 us nominal
Repetition Rate = 7150 pps
Calibration Date: 11-7-63

l1.6.4 Modulator, Portable, Soft Tube, Line Type

This modulator is of Bomac construction, having been built
under Contract DA-36-039-5SC-73285, It was used for tests
during shock and vibration and is shown in Figure 20, It
supplies the following pulse conditions:

Pulse Voltage = 0 - 15 kv

Pulse Current = 10 Amperes Peak
Duty Cycle = ., 0005 max,

Pulae Width = ,07 ps

Repetition Rate = 7150 pps
Calibration Date : 12-10-63

1,6.5 Waterload and Pulling Machine

This device has been adequately described on Pages 39 and
42 of the Final Engineering Report - BL-221, Volume I pre-
pared under Contract No, DA-36-039-SC-73285, It is shown
in Figure 21, The unit is used during the measurement of
RF Bandwidth, Minor Lobes, Pulling Factor, and Stability,
It was last calibrated on 12-4-63,
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FIGURE 20
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1.

Introduction

1,6 Non Standard Equipment Used: (continued)

1.6.6

Spectrum Analysis Equipment

Spectrum investigation is accomplished by use of a Bomac
designed and assembled 70 G¢c spectrum analyzer, The
analyzer was originally constructed under Contract DA-
36-039-SC-73285. It has been modified to use the new
crystal mount and diode. It was adequately described on
Pages 42, 45, 46, and 47 ~ the Final Engineering Report,
BL-221, Volume I, prepared under Contract No, DA-36-
039-SC-73285, The analyzer is used during the measure-
ment of R, F, Bandwidth, Minor Lobes, Pulling Factor,
Stability, * Stability and ** Stability,
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' 2. Holding Period
' 2.1 Requirements
2.}.1 The requirements of Paragraph 4.5 of MIL-E-1D apply.
This paragraph states that tests marked with a dagger
r sign may be made before and shall be made at the con-
clusion of the holding pericd; and tests not marked may
[ be made before or after the holding period.
2.1.2 No tests are marked with a dagger sign in the TSS,
[ 2.2 Procedure
l' 2.2,1 Hold the tubes for the specified period of 158 hours after
completion of manufacturing processes, and then subject
them to the tests described in the following sections,
[ 2.3 Test Equipment
ﬂ' 2.3.1 None was required.
2.4 Test Results
p
2.4.1 No problems were encountered,
r 3. Dimensions
3.1 Requirements
' 3.1.1 Paragraph 4,9.2 of MIL-E-1D states, '"Each tube shall
be inspected for conformance as to size, shape, and finish
according to the applicable drawing specified on the tube
specification sheet. The dimensions, except those for
cathode-ray tubes, shall be checked on a qualification
design, or production test basis as specified on the tube
specification sheet or on the outline drawing’’,
3.2 Procedure

3.2.1 Measure the tubes and compare with the outlire drawing,
They shail satisfy all requirements of the cutline drawing,
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Dimensions (continued)

3.3

3.4

Shock

4,1

4.2

Test Equipment

3.3.1 Test equipment coneists of various tools, such as micrometer,
micrometer caliper, vernier height gauge and similar devices
usually used in a well organized and equipped Quality Control
Department,

Test Results

3.4.1 Tubes were measured and found to correspond to outline
drawings, Figures 1,2,3 and 4 (dated 12-20-60) of the TSS,

Requirements

4.1.1 No MIL-E-1D reference is made in the TSS for this test,
4.1.2 The conditions given in the TSS are as follows:

No Voltage: 50G; 4 Ms duration,

Procedure

4.2.1 Make initial tests on all tubes under Oscillation (1), (2), and
(3) conditions, following procedure outlined in Paragraphs
11,0 and 12,0 and 13,0 which are found on pages 61 through
64 of this report, Record data. (This data is found in the
Data Section which begins on page 72).

4.2.2 Bolt the test jig shown in Figure 22 to the tableof a JAN-180
shock machine using a 1-9/16" thick Lrass spacer between
the jig and the table,

4.2.3 Interpose a resilient cushion between the hammer and anvil
of the table,

4.2.4 Select a suitable hammer angle to produce a shock of the
specified magnituds and duration,

4,.2.5 Bolt the tube to be tested to the test jig so that the shock

will be applied parallel to the cathode, with the cathode
terminals pointing away from the hammer,
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4.

Shock

4.2

4,3

4.4

Procedure (continued)

4,2.6 Apply one shock

4 2.7 Repeat 4,2,5 and 4,.2.6 so *ra* ‘e skock will be applied
perpendicular to the cathode axis and waveguide axis,

4,2,8 Repeat 4,2,5 and 4.2, 6 so that the shock will be applied
perpendicular to the cathode axis and parallel to the cut-

put waveguide axis,

4,2.9 Make post-shock tests as outlined in Paragraphs 11,0,
12.0 and 13. 0 which follow,

Description of Test Equipment

4.3.1 A photograph showing the shock machine with magnetron
in place on the test jig is shown in Figure 23,

Test Results

4.4,1 The tubes showed no mechanical failure and met all elec-
trical requirements of the TSS except life test, which is
not a criterion for passing this test. Electrical para-
meters bel{ore and after shock test are shown on the
Qualification Test Data Sheets in the Data Section,

High Frequency Vibration

5.1

5.2

Requirements

5.1.1 Note 15 of the TSS sheet states: ''Vibration frequency
will vary from 10 to 50 io 10 cps at a displacement of
+,04" (or .08" peak to peak) at a uniform rate in not
less than ten minutes, The test will be performed
along each of three mutually perpendicular axes, "

5.1.2 The conditions of the TSS are as follows:
Osc. 2, BW = '3—1_9 MC
P

Procedure

5.2.1 DBolt the test jig shown in Figure 22 to the table of the
vibrator,

- 50 -




IGURE 23
- 51

F

. O B s e D N o e am e e e by e e G0 O OES




5.

High Frecuency Vibration

5.2

5.

3

Procedure (continued)

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

Mount the tube on the jig in such a position that vibration
will be along the X axis.

Connect the portable moduiator, snown i1n Figure 20 w0 the
tube and preheat for 90 seconds,

Apply pulse voltage and operate tube under Oscillation 2
conditions as outlined under Test Procedure Paragraph
12,0 with a waveguide horn as a load,

Detect the R. F, energy with the spectrum analyzer with
another waveguide horn as a pick up device.

Monitor the spectrum, ard measure and record the band-
width during vibration with the assistance of the marker
pip of the analyzer,

Pepeat 5, 2.2 through 5, 2. 6 with vibration applied along
the Y axis,

Repeat 5, 2.2 through 5. 2. 6 with vibratior applied along
the X, axis.

Make prec-shelf tests as outlined in Paragraphs 11,0, 12.0
and 13,0 which follow,

Description of Test Equipinent

5.3.1

5,3.°

5.3.3

wun
»
w
.
U

Jn
.
Loy

.U

The poriable modulator 1s to be used 1n th:s tese,

All Amer:.can Vibrator is to be used,

The vibration test jig, thown in Figure 2Z, 18 to b used.
Spectrum Analyzer :s to be used,

A photograph showing th- vibratiorn machire, test 5y,
magnetron in jig, and bandw:dth measuring equipment

tx shown :n Figure 24,

A photcgraph showing the magneiron ir g with trars-

mitting horn and recerving rorr plus Bomar Spedtrum
Analvzer R, F. head :8 shown in Figure 15,
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5. High Frequency Vibration (continued)

5.4 Test Results

5.4.1 The vibration test was performed after the pressurization
tests, The tubes were subjected to conditions of Oscilla-
tion 2 before, during, aund after vibration., Trouble was
encountered when testing started on tube #72, the first to
be run on the vibrator, A set of circumstances, wherein
an excessive weight plus an excessively long moment arm,
caused the waveguide output coupler to break loose from
the magnetron, Specifically, the use of a gas pressure
input adapter section, coupled with an unsupported gas
pressure input hose (for SF¢ gas) contributed entirely to
the unnecessarily long moment arm and excessive weight
applied to the coupler, The tube was not otherwise dam-
aged and a new coupler was soldered to the tube, The
excessive torque condition was remedied and test pro-
ceeded. Examination of the test data sheet reveals that,
upon retest, the tube showed no harmful effects of the
accident, It was as a matter of fact a better tube due
apparently to a better output circuit match.

5.4.2 All tubes successfully passed this test. Electrical re-
sults are tabulated in the Data Section,

6. Temperature Coefficient

6.1 Requirements

6.1.1 Paragraph 4, 9,14 of MIL-E-1D states: ""The temperature
coefficient, AF/°C shall be determined from the average
of three tests over any 300C temperature range. Condi-
tions shall be as specified on the tube specification sheet,
The temperature shall be that of the frequency-determining
element, "

6.1.2 Conditions of the TSS are as follows:

Osc. (2); T = 30°C to 100°C at point specified in rigure 1
of TSS.

AF/AT = Temperature Coefficient, Max, = 1,8Mc/°C,
6.2 Procedure

6.2.1 Mount the tube in the Controlled Temperature Chamber
(CTC) with the normal test plumbing extending outside

the chamber,
- 55 -




60

Temperature Coefficient

6.2

6.4

Procedure (continued)

6. 2. 2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

Adjust the chamber temperature until the point specified
in Figure (1) of the TSS reaches +30°C,

Connect the Soft Tube Aging Modulator to the tube and pre-
heat the cathode for 90 seconds,

Apply pulse voltage and operate tube under Oscillation (2)
conditions as outlined under Test Procedure Para. 12,0,

Allow the tube to ''soak' or stabilize for at least ten min-
utes, Measure and record temperature and frequency,

Increase the chamber temperature until the tube body
reaches +60°C, After at least a ten minute ''soak',
measure and record temperature and frequency,

Repeat 6.2.2 and 6. 2.3 at 70°C

Repeat 6.2.2 and 6. 2.3 at 100°C

Of
C -lculate the temperature coefficient, TD = A; between

+30°C and +60°C, and between +70°C and +100°C. Record
on the data sheet the higher of the two figures,

Nescription o. Test Equipment

6.3.1

6.3.2

6.3.3

6.3.4

The Soft Tube Ager is to be used as the pulser of this test,

The Associated Testing Labs temperature chamber is to be
used in this test, Temperature limits of chamber are -90°C
to +210°C,

The thermocouple and Foxboro temperature indicating device
are to be used to measure the tube temperature.

A photograph of the setup used in the temperature coefficient
measurements is shown in Figure 18,

Test Results

6.4.1

The tubes all passed the test. TC results are shown on the
Qualification Data Sheets in the Data Section,
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1.

Pressurizing

7.1

7.3

7.4

Requirements

7.1.1 Paragraph 4.9.13 of MIL-E-1D states in part: "The tubes
shall be hermetically tight after the parts noted in the out-
line drawing on the TSS have been gasketed as specified to
a pressure chamber for one minute at the specified air
pressure, "

7.1.2 Note 2 of TSS states in part: "The waveguide pressure must
not exceed 45 psia, "

7.1.3 Note 16 of TSS states in part: '""An equivalent pressure

must be provided for the cathode input terminal above
6,000 feet",

Procedure

7.2.1 Attach an air pressure jig to the output flange cf the tube
and apply an air pressure of 45 psig to the flange,

7.2,2 Apply a liquid soap to the points associated with the wave-
guide output system,

7.2.3 Note and record the presence of any bubbles which may
form as an indication cf leaks,

7.2.4 Attach a cavity type of pressure fitting to enclose the
cathode input terminal and pressure to 35 psig. ''Valve
Oif-* assemble and remove from air line and set aside for
two hours,

7.2.5 Note and record any drop in pressure within the assembly
as evidence of leaks.,

Description of Test Equipment

7.3.1 A waveguide type air pressure jig is available to check the
R. F. waveguide output system,

7.3.2 A cavity type of pressure fitting with attached pressure
gauge and pressure regulator is available .,r pressure

testing the cathode input terminal.

Test Results

7.4.1 The tubes showed no evidence of pressure leaks,
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8. Low Temperature Operaticn

8.1 Requirements

8.1.1 MIL-E-1D states: ''The tubes shall operate under the
conditions specified on the tube specification sheet,
following the specified warm up time at an initial amb-
ient temperature of -65°C, " Since the TSS specifies
-559C, that value applies.

8.1.2 Conditions of TSS are as follows:

Osc. (2); tk = 90 secs (max.); T = -559C at point
specified in Figure 1 of TSS,

8.2 Procedure

8.2.1 Mount the tube in the Controlled Temperaiare Chamber
with the normal test plumbing extending outside the
chamber,

8.2.2 Adjust the chamber temperature until a temperature of
-559C is obtained at the point specified in Figure 1 of
the TSS.

8.2.3 Connect the Soft Tube Aging Modulator to the tube and
preheat the cathode for the specified tk = 90 seconds,

8. 2.4 Apply pulse voltage and operate the tube under Oscilla-
tion (2) conditions as outlined in Test Procedure Para-

graph 12,0

8. 2.5 Note and record ability of tube to start and operate at
9.0 amperes,

8.3 Description of Test Equipment

8.3.1 The cquipment described in Section 6.3 for the tempera-
ture coefficient measurements and shown in the previously
referenced photograph, Figure 18 is to be used,

8.4 Test Results

8.4.1 The tubes all started within a tk of 90 sec's and met the
conditions of Oscillation (2) as indicated in the Data
Section.
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9, Heater Current

9.1 Requirements

9.1.1 MIL-E-1D states: "When the voltage specified on the tube
specification sheet is applied to the heater or filar ent, the
current shall be within the limits specified. During this test
no other elements shall be conducting, "

9.1.2 Conditions of TSS are: Ef = 6,3V, tk = 90 sec's (min), and
If = 2.5 - 3,0A,

9.2 Procedure

9.2.1 Operate the tube on the Hard Tube Test Modulator with a
heater potential of Ef = 6,3V,

9.2.2 Measure and record the heater current, If, at the end of
90 seconds,

9.3 Description of Test Equipment

9.3.1 Heater circuit of the Hard Tube Test Modulator, using
integral heater voltage and current meters only, 1s to
be used.

9.4 Test Results

9.4.1 Tuc Leates carient of all tubes was within limits specified
on TSS, Heater current values are shown in data in the
Data Section,

10, Vibration Fatigue

10.1 Requirements

10.1.1 The TSS conditions are as follows:
Heater voltage only; 10G; F- 60; duration 15 min,
10.1.2 Note 4 of the TSS states: '"There shall be no evidence of

heater-cathode or cathode-anode shorts when the tube is
vibrated in a plane perpendicular to the axis of the cathode,
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10, Vibraticn Fatigue {continued)
10,2 Procedure

10.2.1 Bolt the vibration test jig shown in previously referenced
Figure 22 to the table of the vibrator,

10.2.2 Mount the tube under test or. the jig in such a way that the
direction of vibration will be perpenaicular to the axis of
the cathode,

10. 2.3 Connect an ohmmeter between the anode and cathode for
the observation of anode to cathode shorts under vibration.

10.2.4 Connect cathode and filament leads of portable modulator,
describted in Sect, 1.6,4 to tube for observation of heater

to cathode shorts., Adjust heater voltage to 6,3 volts,

10,2,

n

Vibrate as specified in the TSS, note and record any anode
to cathode shorts as indicated by the ohmmeter,

10.2.6 At the same time, note any heater to cathode shorts as in-
dicated by an increase of heater current during vibration,

10,3 Description of Test Equipment

10.3.1 The vibrator is the same as described in Section 5,3, 1.
The ohmmeter is 2 "Simpson' volt-ohm meter, The fila-
meat circuit is part of the portable modulator used to
provide Oscillation 2 conditions,

10.3.2 The test set up is to be the same as that shown for High
Frequency Vibration in Figure 19 except that no R, F,
plumbing, or spectrum viewing and measuring equipment
is required.

10. 4 Test Results

10.4.1 No heater-cathode or cathode-anode shorts weie observed
as indicated in the Data Section,
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11,

Oscillation (1)

11.1

11.2

11.3

Requirements

11,

11,

11,

1.1

1.2

1.3

Paragraph 4,16, 3 of MIL-E-1D states: "Each magnetron
shall be tested for oscillation according to the conditions
specified on the tube specification shcet, "

The TSS calls for the following measurements to be made:

11.1.2.1 Heater-cathode warm up time, tk
11,1,2.2 Pulse Voltage, epy

11.1.2.3 Power Output, Po

11,1, 2. 4 *Stability, % M. P,

The TSS specifies the following test conditions for Oscil-
lation (1)

11.1.3.1 Pulse Width, tp = .03+, 005us
11,1.3,2 Duty Cycle, du= ,0003
11.1.3.3 Rate of rise of voltage, rrv = 325 kv/ps (min)

Procedure

11,

11,

11,

11

11,

11,

2.1

2.2

2.3

2.4

2.5

Flace the tube on the Hard Tube Test Modulator.
Apply a heater voltage of 6.3 volts for 90 seconds,

Operate the tube at 9.0 peak amperes, taking cognizance
of Note | of TSS,

Note that puise voltage and power output are nominally
correct as evidence t! at tube operates properly after the
tk = 90 seconas interval,

Measure and record pulse voltage and power output at
t = 100 seconds after application of pulse voltage,

Measure and record *stability in terms of % missing
pulses under conditions of Note 9 and 10 of the TSS.

Description of Test Equipment

11,

3.1

Hard Tube Test Set consisting of:
11.3.1.1 Modulator in Console.
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11. Oscillation {') (continued)

11.3 Description of Test Equipment

11.3.1

Hard Tube Test Set consisting of: (continued)

11,3.1.2 Oscilloscope and Current Pulse Viewing
Network,

11.3.1.3 Power Output and Pulling system, shown
in Figure 17

11,3.1.4 Spectrum Analyzer, shown in some detail
in Figure 16

11.4 Test Results

11.4.1

12, Oscillation (2)

The pulse voltage, power output and stability measure-
ment (as evidenced by the absence of missing spectrum
lines over a five minute period of observation) indicated
that all tubes passec. the tests, Please refer to Test
Data Sheets in the Data Section,

12,1 Requirernents

12, 1.1

12.1.2

Paragraph 4,16, 3 of MIL-E-1D states, '"Each magnetron
shall be tested for oscillation according to the conditicns
specified on the tube specification sheet, "

The TSS calis for the following measuremenis {0 be made:
g

12.1.2.1 Heater-Cathcde Warm-Up Time, tk
12,1.2.2 Average Anode Current, Ib
12,1.2,3 PFalse Voltage, epy
12,1.2.4 Power Output, Po
12,1.2.5 R.F. Bandwidth, BW
12,1,2.6 Minor Lobes, ML
12,1,2,7 Stab:iity, % M. P.
12,1,.2,8 Pulling Factor, P, F,
12.1.2.9 Push:ng Factor, Push
12,1, 2,10 Fixed Tuned Freguency, fo
12,1.2,.11 **Shelf Life Siability, % M. P.

{The first ineasurement after 90 ds ;- shell ii{e)
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12, Oscillation (2)

12,1

12,2

12,3

12,4

Requirements (continued)

12,1.3 The TSS specifies the following conditions for Oscillation
(2),
12.1.,3.1 Pulse Widtk, tp- .07+ 0lus
12,1.3.2 Duty Cycle, du= ,0005
12,1.3.3 Rate of rise of voitage, rrv = 325 kv/us (min)

Procedure

12,2,1 ©Place the tube on the Hard Tube Test Modulator,

12, 2.2 Apply a heater voltage of 6.3 volts for 90 seconds .

12, 2.3 Operate the tube at 9.0 peak amperes anode current,

12. 2.4 Note that pulse voltage and power output are nominally
correct as evidence that tube operates properly after
the tk = 90 seconds interval,

12,2.5 Measure and record average anode current, pulse voltage,
power output, R, F. bandwidth, minor lobe relative height,
stability, pulling factor, pushing factor, and fixed tuned
frequency at t = 100 seconds after application of pulse
voltage,

12, 2.6 Measure and record **Shelf Life Stability, as the first

test after the 90 day holding period,

Description of Test Equipment

12,3.1

12,3,2

Hard Tube Test Set - described in Section 11, 3.1,
Frequency Pushing Measuring System, consisting of:
. Standing Wave Ratio Amplifier

2.3.2.1
2,3.2.2 Frequency Meter
2.3.2,3 Crystal Detector

[ -

L] L] .

Test Results

12.4,1

The measurements of Heater-Cathode Warm-up time,
of average anode current, pulse voltage, power output,
R, F. bandwidth, minor lohe relative height, stability
(as evidenced by the lack of any lines missing from the
spectrum over a five minute period of observation) in-
dicated that all tubes passed the tests, Pleasc refer to
Test Data Sheets in the Data Section,
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13,

Oscillation (3)

13,1

13,2

13,3

13.4

Requirements

13, 1.1

13,1.2

13,1.3

Paragraph 4.16,.3 of MIL-E-!D states, "Each magnetron

shall be tested for oscillation according to the conditions
specified on the tube specification sheet, "

The TSS calls for the following measuremants te be made:

13,1.2.1 Heater-Cathode Warm-up Time, tk
13,1,2,2 Pulse Voltage, epy
13.1,2.3 Power Output, Po

The TSS spe ‘ies the following conditions for Osc, (3)
13.1.3.1 Pulse Width, tp = , 25+, 05

13.1,2.2 Duty Cscle, du= ,0005
13,1.3.3 Rate of rise of voltage, rrv = 325 kv/us (min)

Piccedure

13,2,1

13,2.2

13,2.3

13,2.4

13,2.5

Placz the tube on the Hard Tube Test Modulator,

Avnpiy a heater voltage of 6.3 volts for 90 seconds.
Operate the tube 4.5 ma azverage anode current,

Note that pulse voltage and power output are nominally
correct as evidence that the tube operates properly after

the tk = 90 seconds interval,

Measure and record pulse voltage, and power output at
t = 100 seconds after application of pulse voltage,

Description of Test Equipment

13,3.1

13,3,2

13,3,3

Hard TubeTest Set including peak voltmeter,
Oscilloscope and Current Pulse Viewing Network,

Power Output Measuring Syst:m,

Test Results

14, 4.1

The measurements of Heater-Cathode Warm-up Time,
Pulse Voltage and Power Output indicated that all tubes
passed the tests, Please refer to Test Data Sheets in
the Data Section,
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Acceptance Life Test

14,1

14,2

14,3

Requirements

14,1.1

Paragraph 4,11 of MIL-E-1D states in part: '"When speci-
fied on the tube specification sheet, sample tubes shall be
subjected to life tests ---",

14,1,2 The TSS specifies a life of 600 cycles under a specific
cycling schedule in which standby, oscillation and off
periods are used,

Procedure

14, 2,1 Place the tube on the Life Test Mcdulator.

14, 2.2 Set the timers on the modulater to produce the specified
cycling time intervals,

14, 2.3 Connect the plumbing to the tube and pressurize same
with dry nitrogen.

14,2.4 Apply the specified starting heater voltage,

14,2.5 Apply pulse voltage to the tube and adjust the power supply
voltage to produce the rated ib = 9,0 amperes.

14,2.6 Immediately upon reaching 9.0 amperes, reduce the heater
voliage to obtain the predetermined operating current,

14, 2.7 Allov unit to cycle,v shutting down and moving the tube to
the Hard Tube Test Set for periodic performance tests,

14, 2.8 DDuring the perioaic tests, under the Cycling Life Test End
Poirt conditions of the TSS, read and record under Osc, (1)
power output and veak anode voltage, and under Osc, (2)
read and record oscillation frequanc-, bandwidth, stability,
and peak anode voltage,

14, 2,9 Discontinue the test after (00 ~ycles have elapsed,

Description of Test Equipment

14,3,1

14,3,2

Soft Tube Life Test Set, - described in detail in fection
1.6.3 and shown in Figure 19

Motor Driven Pulling Device,
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14,

Acceptance Life Test

14,3

14.4

Description of Test Equipment (continued)

14,3,3 Dry Load
14,3,.4 Waveguide Pressurizing System

14, 3,4.1 Dry Nitrogen from plant line, pressure
regulator and hose to plumbing,

Test Results

14,4.1 The measurements on the selected tube, #73 under
Cycled Life Tests End Point conditions at the end of
640 cycles, shown in the Data Section indicate satis-
factory compliance with the requirements of the TSS,
The results are shown graphically in Figure 26,

14, 4,2 In addition to the tube which was life tested during
the preproduction approval testing, five (5) other
tubes were evaluated to determine acceptability of
the anode processing changes, Tubes 44, 49, 55,

57 and 61 all maintained reasonably constant readings
through shelf storage, Tubes 55 and 57 were life
tested to 1239 and 1159 cycles respectively, At 757
cycles tube 55 exceeded the end of life anode voltage
limit but still performed satisfactorily, At 1239
cycles the power was less than the end of life limit

of 8 kw, At 797 cycles and again, after recovery,

at 1025 cycles tube 57 exceeded the end of life anode
voltage limit but otherwise continued to operate satis-
factorily to 1150 cycles when the test was terminated,
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SUMMARY OF DATA

The original data, reorganized on individual test data sheets for
the five tubes, is shown in the Data Section which follows the Discussion
of Results and Conclusions, All data, except the initial value of filament
current, is tabulated, The filament current for each tube is shown in
Note 4 on each sheet, Notes 1,2,3,5,6,7,8, and 9 apply to all four tubes
subjected to the environmental tests, Notes 10, 11, and 12 have specific
meaning for the different tubes involved.

Close scrutiny of the test conditions near the left side of the sheets
and cognizance of the significance of Note 2 will reveal that pulse width
conditions on Oscillation 1 testing are not quite according to specification,
Whereas the minimum pulse width is supposed to be . 025 psec it is actually
.024 pusec., Several attempts were made to achieve satisfactory rise time
and pulse shape with a different network to give a longer pulse but all
failed, Since the Oscillation 1 condition is the shortest pulse in the speci-
fication the actual condition serves to broaden the testing scope rather than
to narrow it., In view of this it is requested that the data be accepted as
consistent with the intent of the specification,

It will be noted that certain entries in the data have been shown as
""OK'. In the case of the three stability measurements, the spectra were
observed critically for missing lines, none were seen and missing pulse
measurements were not made, Consider the fact that 1% missing lines
corresponds with 22 lines per second at 2200 pulses per second, the mini-
mum prf. One can rationalize that it is not difficult to visually determine
from spectrum observation whether the M/P limit is being approached
merely by counting lines which seem to be less than normal amplitude
during a one second period, It is certain that a spectrum wherein 22 lines
per second are seen to be deficient would be an outstandingly raggeau one,

Had the latter been the case, % missing pulse measurements would have
been made,

In the case of Vibration Fatigue and Low Temperature Operation,
the entry of "OK' is tc indicate that (1) no shorts occurred and (2) the tube
operated satisfactorily at 9, 0 amperes.

In the case of Shock, the entry of "OK' is to indicate that the tubes
performed satisfactorily after shock as indicated by the Post-Shock data,

Reivew of the Test Data Sheets reveals that minor changes only
occurred in the magnetrons tested, during and due to the vibration, shock,
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Summary of Data (continued)

shelf life and routine tesiing to which they were subjected. Review of the
Liife Test Data reveals that the readings of average power output show the
greatest variation with a sizeable drop during the first 58 cycles. How-
ever, the minimum power observed during life exceeds the minimum limit
by a good margin, The other indications fall well within the specified limits
throughout the 820 satisfactory life cycles, The graph shown in Figure 26
presents these results,

Photographs showing representative pulse shapes produced by the
Hard Tube Test Modulator are shown in Figure 27, The well known pulse
current which serves to charge the incidental pulse output circuit capaci-
tances is noticeable at the start of the current pulse., It is noticeable also
by its absence from the R. F. pulse and is thereby identified as a charging
current, All pulses are shown in the correct time relationship.
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DISCUSSION OF RESULTS AND CONCLUSIONS

During environmental testing, one failure occurred, It was during
vibration fatigue testing of the second tube that the output flange broke off
the output flange support sleeve., The hard braze material used to join these
two parts fractured., Two errors were found in the testing arrangement,
First, instead of the cpecified 10 G vibration level, the tube was run with
14,5 G's., This occurred because the amplitude was not decreased from the
.04 inches used on the operational vibration test while the frequency was
increased from 50 to 60 cps. Secondly, the arrangement of plumbing and
the attached hose supplying SF¢ gas to the waveguide was such that an
excessive moment arm and weight resulted in excessive mechanical loading
of the flange. The tube was reworked by soldering a new output flange and
support sleeve assembly to the magnetron., On subsequent retest the tube
delivered more power output, This variation could have been expected
since the output window match is critically dependent on flange to window
spacing, The tube was then re-run on a corrected test apparatus on all
previous tests and carried through the remainder of the QA sequence
without incident,

It might be noted on Oscillation 2 testing that the average current
values on two of the tubes at some time during the testing sequence read
less than the specified 4.5 mAdc. If the duty cycle reading and the set
value of peak current were precise this situation would not be possible.
Hcwever, duty cycle is computea with an assumed trapazoidal pulse and
the peak current setting using a viewing resistor and oscilloscope is sub-
ject to operator judgement, The purpose of indicating limit values of
average current was {o prevent a magnetron having a high leakage from
succes-fully passing the test. Since high leakage would invariably cause
hign average currents it is recommended that the 4.5 mAdc minimum
average current limit be deleted from the specification.

These tests demonstrate that the tube is capable of meeting all of

the requirements of the applicable BL-221 specification dated 9-23-63 and
approved by the Signal Corps on 10-23-63,
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MOBILIZATION PRODUCTION SCHEDULE AND MAN POWER TIME
PLAN TO ACHIEVE PLANNED RATE OF 50/MONTH

The time study work indicates the following monthly man power and
new equipment needs to reach the planned rate goal.
1. Supervision
a. One Engineer
b. One Shop Foreman
c¢. One Machine Shop Group Leader
d. One Quality Control Inspector
2. Anode Fabrication

a. Hobbing and grinding hobs, 1 man

With additional RF bomber and a s. * of hob holding
dies to provide two press stations,

b. Anode Machining 3 men

With two additional Hardinge Precision Lathes for
a total of 3 lathes

¢. Anode Measurement | man
d. Anode Deburring 1 man
e. Anode Potting and Cleaning 1 man

With a total of 15 potting molds and ore additional
potting press.

3. Tuoue Fabrication

Cathode Assembly . ] person
Body Fabrication ' i person
Exhaust - Final Assembly 1 person
Material Expediting and Proces- | person
sing.

Inspection ] person

( with 5 new sets of all jigs and fixtures)

-4
~4




4, Tube Testing
Cold Test 1/2 person
Hot Test 1-1/2 persons
With a wide band low sweep source,

This work force represents a unit cost of approximately $650, per
tube for Labor and Overhead., The purchase price for aii other parts is
estimated to be $500, for each shipped tube at this quantity level, The
total estimated manufacturiﬁg cost at a steady rate of 50/month then is
estimated to be $1, 150 not in.cludiﬁg start up costs and not reflecting
expected changes in Labor and Overhead rates.

Red'ucing- this to low quantities and comparing it io the coet of manu-
facture prior'to the PEM Program it is e;timated th'é'v't the ‘ow quantity

manufacturing cost has been reduced by about 40%.
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CONCLUSIONS

The BL-221, 70 Gc 10 kw magnetron can be manufactured to order
on a semi-production basis, To achieve the planned rate goal, Step III,
implementation would bec required,

Storage environment should not exceed 100°F or 95% humidity, For
storage periods up to 3 months no seasoning will be required. For longer
storage periods seasoning may be required, The tube is capable of opera-
tion under field environmental conditions censistent with the specification,

End of life is due to failure of cathode emission, All tubes at end
of life have copper deposition on the emitter and this copper is obviously
coming from the vane tips., Life test evaluation was done at 0,07 psec
pulse width,

A user contemplating a long pulse field condition for this tube should
recognize that long pulse life capability has not been evaluated and if
cathode emission life is limited by vane tip errosiorn then life would be

shorter at long pulse,
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QUALITY CONTROL AND YIELD
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SECTION 3 - FINAL REPORT

IN PROCESS INSPECTION AND QUALITY CONTROL

The following chart lists the construction, inspection, test and rework
steps planned to fabricate 600 finished tubes, The run is broken into
two parts consisting of one initial run and one rework run,

Parts available

Acceptable after first run Reason for
Operation Inspection Units for rework run Rejections
Raw Part and per Part Spec.
Material Inspection
Anode Fabrication
Hob and machine Metalurgical - End of hob life,
3000 slugs analysis of raw 2400 --- - Improper
material Stripping
Visual - Torn or bent
vanes,
Dimension and Comparator and - Dimensional
Cold Test 2400 Low Power 1200 --- Errors
anodes Electrical - Frequency
- Circuit Q's
Body and Envelope Ass'y.
1200 units through Visual solder flow, - Incomplete or
two furnace brazes Leak detect. 1150 340 excess solder
filleting

Cathode Bushing Die test a sample and
Furnace Braze perform tear test on 810 - Vacuum leaks
840 units ceramic metalizing

band. Leak detect 100%

- 80 -

o

Fu
R}

He
Me
as

12

Fu
asi
con

Sal
bui




Parts available

Acceptable after first run Reason for
Operation Inspection Units for rework run Rejections
Main Stems Concentricity
Furnace braze and Leak Detect 810 60 sleeve and cup Vacuum Leaks
RF braze 840 units Sample Test parts Concentricity
Ceramic Bond
Heater Cathode Heater Continuity 810 360 heaters, Soft heater
Mechanically Coating Hardness (expect to emitters and coating,
assemble and spot Wire Brittleness lose 30 hats Cracked
weld 810 units Cathode Temp. heaters, emitters,
hats and Brittle Wire,
emitters)
Furnace Braze Die Test sample High VSWR
1800 windows Leak Detect 1200 390 Vacuum Leaks
Measure VSWR
Furnace Braze ° Imperfections
1200 exhaust caps  Visual 1200 390 in Gland Nut

Exhaust 810 units Review of Exhaust 790 20 Leakers or
Data gassiness,
Insufficient
Emission,
Furnace braze and Visual - sorting is 650 175 Poor output
assemble 720 done at test, match
couplers
Test 790 Units All electrical and out- 475 315 Freguency
line requirements of Power
T.S. Spectrum

Salvage all external hardware, couplers, main stems, exhaust pole pieces, cathode

bushings.
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Parts available

Acceptable after first run Reason for
Operation Inspection Units for rework run  Rejections
Perform rework on Frequency
340 units including Repeat 150 0 Power
resorting of window . Spectrum
and couplers for best
match,
Life and Design Destructive
Sample Testing Per T.S. 600 0 Testing

of 625 Units
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APPENDIX I

BL-22]1 SPECIFICATION
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1 -
Tyvpe BlL.-2¢1

The applicable provisiors of the latest issue of MIL.-E-1 pertain to this

igcrificatam_:

Descriptior: Mugnetror, pulse type, millimeter wave length, fixed
frequency ©9.0 to 70. 5kMc, 10 kw peak, air cocled,
vermanent tnagret,

Ratirgs ("be.): Ef wepy »  pi Pv Du o tp prr kT
Urits: vV kv a kw w --- B8 PP8® sec °C
Manx: 7.0 15,0 10,5 158 8~ .00055 0,30 17,000 --- 100
Mir: --- T T --- 0.025 --- 75 ce-

Ratii w8 (b=} v v l_f:

Ur it~ ko/us e

Ma~: 30 A

Mir: 100 ---
No.e I8

hiivreclas onof Porom: ters - Note 13

Typic:.l .

Operotive: 1t ib cpy tp prr vy tfv
Urats: A B ke 16 pps kv/us us

Osc. ! 1.1 9.0 14. 0 0.03 10,900 32°¢ .20

Osc. ¢ 1.3 2,0 14.0 0.07 T, 150 325 .20

Osc, 3 I, S 9.0 14.0 0. 25 ¢,000 325 .0
Note s Note 17 Note 18

Altirae Nooes 2,01

Wt:gh?; LA Ihs (et )

Mo (‘..v-ﬁ__}'-’usn‘i.oz . Ay

Ret, T Tosv Coitiors. Mir. Max;
4, 5 Huld: » Perod: it 1 8 ours .- .- )
4,9 ¢ Diuner stur s Per att .chied outhine caa cea
Fig.'s 1,.,3,4
--- ®XL 00K No vaiiages; 50 G, 4 ms wee cee
durat:or, Note 3
“e - AEVobhratioe O FYSIN BW: --- 30 Mc
Note 15 -d
SPECIFICATION SHEET | voss ctsomromss we
SEVEALY. BASSACHIITITS

Tvpe Bl.- 201

9-23-+3




Ref, Test Coruitions Mir, Max.
4.9, 14 s*Temperature Osc. (2); AF/aT: --- 1.8Mc/°C
Coefficicr.t: T 30°C 0 100°C
at poirt specified
i+ Figure 1l
4.9.11 Waveguide Output 45 psia; --- .--
Pressurc: Note 2
TR Irput Terminal Note 1 --- cew
Pressure:
4.9.15 **Low Tempeiature Osc, (U4 cee --e "
Operation: tk - 90 sec's, (max.)
T . -5°9C at point
specified in Figure |
4,10.8 i{eater Current: Ef - .3V If: &, % 3.0A
tk = 90 sec's, (mir.)
--a- ssVikration Heater Vollage only; .--- --a
Fatigue: 10G; F--0; duratior.
15 min,
Note 4
4,1:.3 Oscillatior (1): o - 1.2:1 (max,) --- -
4.1¢,3.2 Hecater Cathode Ef- .3V, tk: --- a0 sec's,
Warm-up Time: Nate 5
4.1¢,3.3 Pulse Charicier- tp - 0,032,005, s --- -
1881C8 Da - ,0003
rry 3285 kvyps (mur,):
Notes -, 17
4.10.3.4 Average Arode No:e | --- ---
Current:
con- P<ik Ano.e b 9 0a BN, S
Current:
4.1 .3.% Puise Veltige: .--- epy: l.'.'.:f 4. kv
4.1 . 3.« Power Output: Within i 100 sec's, Po. 3.0 --- W
SPECIFICATION SHEET | soa uaomromss inc
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Ref, Test Conditions _Min.  Max,
*Stability Notes 9,10 --- 1. 0%
4.16,3 Oscillatior (2): o = 1,2:1 (max,) --- .--
4,16.3.2 Heater Cathode Ef= 6,3V, tk: --- 90 sec's
Warm-up Time: Note 5
4.16.3.3 . Pulse Character- tp = 0.0740.0lpus; “-- ---
istics : Du - 0, 0005;
rrv = 325 kv/us {min,);
Notes ¢, 17
4.16.3.4 Average Anode Note 1 Ib: 4,5 5.5mAdc
Current:
.--- Peak Ancde ib = 9,0a --- ---
Current:
4.1..3. % Pulse Voltage: - epv: 12.5 14, ckv
4.16.3.~ Power Output: Within t- 100 sec's Po: 5.0 ---W
4,14.3,7 R. F, Bandwidth: Notes 7,8,9 BW: --- __Z.SMc
tp
-ee- Minor Lobes: Notes 7,8, 9 Ratio: 8.0 ---db
---- Stability: Notes 9,10 Missing
Pulses: --- 1. 0%
4.1c.5 Pulli: g Factor: ibh - 9,0a; AF: --- 75 Mc
Note 9
4.16.0 *2Pushing Factor: ib = 8.0 09, 0u; QF: --- SMc/a
4,10.7.3.1 Fixed Tuned ib = 9. 0. F:* 9,0 70,5kMc
' Frequency:
---- *sShelf Life t - S0 days; Missing
Stability: Notes 10, 11 Pulses: --- 2.0%
14,1.3 Oscillation (3): ¢ - 1.2:1 {(max.) e cee
j4. 16,3, 2 Heater Cathode Ef= ¢ 3V tk: --- 90 sec's
Warm-up Time: Note 5
SPECIFICATION SHEET | sonc usomrome mc.
BEVERLY. MASSACHUIRITS
Page 3 of 9 Type BL- 221 9-23-¢3

w-1Q

s o ostatiett et 3r.




Ref, Test Conditions Min, __hilax.
4,1¢.3.3 Pulse Character- tp= 0, 25¢, 05, 8; e - _——
istics: Du- 0.0005
rrv = 325 kv/pus (min,)
Notes ¢, 14,17
4,16.3.4 Average Anode ib = 4,5mAdc --- ---
Currert:
4.1¢.3.5 Pulse Voltage: ----- epy: 12.5 14, kv
4. 1.3, Powe r Qutput: Within t = 100 sec's Pc: 5.0 --- W
_ACCEPTANCE LIFE TESTS
4.11 Cycling Life Group D Cycles: ~00 .e-
Tests: ¢-1.5(min,) with
phase varying thru 1
minimnum of 1/2 A
approximately every
15 mir, . Notes 9,12
Corditiors ib E_{ Dur.ation
Standby .-- e 3V 3 minutes
Osc. (2) 9.0 Note 5 18 minutes
Note 1
Off --- ov 9 minutes
4.11.4 Cvchirg Life  ----- cee ---
Test Erd Point:
Power Output
Osc. (1) Po: 2. 4 --- W
Frequency F: ~8,75 :0.75kMc
Osc. (2):
R. F. Bundwidth BW: --- 3.5Mc
Osc. (2). tp
Stability MP: .-. 2,0%
Osc. (2)
F.lse Voltage epy: 12.5 15, Okv
Os. o “)
Pulse Voltige epy: 12.% 15, Oky
Osc. (2).
SPECIFICATION SHEET BONAC LASORATORIES tec.
SEVERLY. BASSACHUSETYS
Pagec 4 of 9 Type BL-22) 9-23-63




NOTES:

—— m— pm—

Note 1:

Note 3:

Ir place of measuring ard sctting the overating point on the
hasis of uverage anode current, the peak anode current shall
be measured and .djus:cd to the specified value, This may

be .ccomplishd bv use of (1, .in os::lloscope and conventional
peak current viewing resistor network if available and conven-
ient or, (2) a circuit which will produce a peak current readout
on 1n instrument suitible for field use or, {3) the specific
circuit shown and lescribed under Appendix A,

At prik power levels of 10 kw or more, the waveguide output
must be pressur.zcod a: not less than 2 psig using dry air or a
drv g .8 .t a pressir~ providing .n +quivulent b: eakdown capa-
bil *v. The wiveguide pressu « musti 1 ot exceed 45 psia, See
Noie 9 for speci:] requiremen:s under mi - match conditions,
The waveg'ii le output system sh. 11 be pr _ssure tested by the
applicatior. ot .ar by v, 0f & proper pressure test fitting.
Therc shall be no lexks s ind.catec b the formation of bubbles
whern liquid soap or detorgernt .8 applied o the joints associated
w:th the waveguide outpn’ ystem,

4. - This iest shall be performed on a  Naval Research Lab-
oratory st.ndard shcck m:chine for electron devices, A
resilier: cushion (see rot - 3p) shall be inte’rposed between the
hammuear and anvil of ¢ ¢ wible and a suitihle hammer angle

s lected to produce . iock of the specified magnitude and
duration (sec note 3c). The mounting plate of the tube shall
he Loltea woth b ss bolts o cither the table or the standard
ot yle bro cket, depending uporn the dir-ction of the rfesired
shock, usirg  1-%/1- ir¢h thick brass spicer between the
tue mertng plore ced the tible or ungle bracke:, The shock
shail be e sure s o the brass spacer, The table shall be

ot e ore shock in gk ot the fullowing directions:

I - Pa- Tholed e the chode, with the cathode terminales
peinting w - frons th Loemer,

L&)

- Porpendical oo o the cathode axas and wohvoguide axis.,

3 - Perpondioal o rothe s vhode axts and par:ll-] to the
("l‘.;"n..l W o\ [ S LTS WY I

Yoo A res lient cush on, cormisting o1 9732 inch thick rubber
atis ¢. it thirty Shere (mirometer havdness, coverning the entire
sl of the tibhle, has brer founu to produce the specified shock

darat.crunder the given condiaons of table lo.d and shock ma‘t\imﬁe.‘l

SPECIFICATION SHEET | sweac uissmremns wc
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Note 3 (cortinued):

Not« 4.

Note &

Note v

Note 7:

Note 8:

Note 9:

Nute 10:

¢. - Becruse of the virying resilience of the tube on its mounting
plate with sifferer: shock directions and the high ratio o' tub. to

t:ble w~ight, tte nimine: ingle will vary with the tube's orient.:-
tion to produce the required n:ignitud= of shock,

d. - Criteria ‘or passing Shock Test: After the Shock Test, the
tube shall show no mechanical failure ind shall 1 eet 2l clectri-
ca! requirements of th: tube specitication sheet w th the except.on
of life tes:'s,

The drcctiond vibraor shall be in a plend perpen.jcular to the
axis uf the ¢ thote, Thero shall he no evidence of heater-cathode
or c¢..thode-anode shorts .uring this test,

St.rting heter voitage shall be .3 volis, Upon application of
high voltage, the pplicd healor voltige shidl be immediately
reduced to the value showr o thy tube data shewt, {Refer to
"Typical Oper.tion” tor values ot heater currert to be used s
a guide),

The voltage rute of rise sl ! he measured beiween .0 and 207
of the peak veltage forw. d slope,

The tube shall be operited 1rto - trunspission line of VSWR of
1.5:1 adjusted in phiose to produce maxiznum spect.arn degra -
(Y L

A sait . hle spectrum skall by (onsidered s one i which the o jor
lobe Las o shape sach that its slope does not changé sign more = o
once for power levels g Jter than the spevitied ratic LN bolow
1ts pe ik,

The w ‘veguide syster. i juding the polling sectic™ mast be pres-
surized, wit dry sulfas kexoflunr.de (SF ) gas 3t 3 paig or
equiralent wheneve: taevsure ents are Loing made of pailing,
life tests, and olhe s measa »nients wn- e the VEWR of the load
at the megnelron ouatput Minge 3 131 o more,

Stability shui’ be moLsared or © ek of the ave age number of
output pulses rissing t‘!’p?"i“i!vd A% . peroont of the ol ot
input pulses spplicd wring the pe rios o ahseryalion, The iis.
sing puiscas (M, P.), duc o ary r.\ugri,@—x $u ;-_c;xns:&;dt~‘r»=d ty e
“rrass.ng 1l the RE encrgy o less th o 70% of the norensd encrgy
level in the range of €4%,0 2 0. 5kMo,  The VEWH of Noto T skl
Le adiusted to that ph. 8¢ prodacirg maximatr inetabibity and e

stvemy, 4

A

3
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Note 10 (cont'd)

Note 11:

Note 12:

Note 13:
Note 14:

Note 15:

Note 16:

Note 17

Note 18:

missing pulse counted during any five minute interval of a ten
minute test pericd. ‘

The missing pulse test of Osc. (2) shall be the fizst one j:erformed
after the specified shelf life.

Air cooling will be adjusted so that the anode block temperature as
measured at the specified point runs at 90° C or at the maximum
temperature it will reach in the absence of cooling, whichever is
lower. )

These ratings are interrelated, but it does not necesearily follow
that combinations of limits can he attained simultaneously.

Magnetrons should be operated by gradually increasing the applied
pulse voltage to the operating point to avold any excessive arcing.

Vibration frequency will vary from 10 to 50 to 10 cps at a displace- |
ment of 2. 04 (or .08'' peak to peak) at a uniform rate in not less
than 10 minutes. The test will be performed along each of three
mutually perpendicular axes.

The cathode input terminal will operate up to 6,000 feet without
pressurizatio . Above that altitude an eguivalent pressure must
be provided for the terminal. The cathode terminal shall be
pressure tested by the application of air by way of a proper pres-
sure test fitting. There shall be no leaks as indicated by the
formation of bubbles when liquid soap or detergent is applied

to the several joints adjacent to the tube mounting plate.

The minimum rate of rise of voltage (rrv) shown is for hard tube
modulator uperation. For soft tube modulator operation, the rate .
of rise of voltage should not be less than 100 kv/us. The minimum
values show~ under the Osc. tests muet not be exceeded by the
user and shall be exceeded by the manufacturer.

The time of fall of voltage shall be measured as the slope of a
line between 20 and 85% of the peak on the trailing slope of the
voltage pulee.

SPECIFICATION SHEET BONAC LABORATORIES INC.
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Appendix A

Peak Current Indicating Circuit

MQODU OR
oSPp&#;’
WS iy
@lt_k '\
,‘,“&3 ny ‘ ‘_ . ot L
AL g e
QRS g
\.i \L“‘ Py O
e UNBER oSt

= Special pulse current iransformer

T
a, Primary = 1 turn, bifilar for this 1pphcahor
b, Secordary= 5 turns #i4 magret wire
¢, Core = Special Ferrite, Ferroxcube #203F250-3C or equivalent
Ry = Non- inductive resistor network,
10-240 ohhm composition resutora in parallel ranultmg in 24 ohms
total, Resistors = MS35043-71-RC20GF241J
D = Ultra-High Conductance Diode, IN3730
C = Low irductance capacitor, .25.fdSpraguec Hypass #48P12 or equivalent
R,= Resistor, 1 megohm, 1 watt, M535044-173-R(:32GF105J, Note 1
M = Indicating meter, 0-50 .a, MR-36W-050-DC-UAR
Note 1: Use of a 10 megohm resistor and a 0-5 ; a meter
will provide reduced inherent error
SPECIFICATION SHEET | sowc tasoaxromes mc.
TENTATIVE BEVERLY, NASSACROSKTTS
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A pilse current of 10 amperes flowing in the primary circuit o the
pulse current transformer induces a current of 2 amperes in the
secondary circuit. A pulse voltage of 50 volts appears across resistor
R.. Condenser C is charged to essentially a D, C. voltage of 50 volts
by way of the diode D, The D, C, -oltmeter consisting of multiplier
R, and micorammeter M indicates this D, C, voltage of 50 voits.

is is representative of the 10 peak amperes of primary pulse current.

In practice, the indicated output is elightly less than the theoretical

50 volts, due te transformer losses, dicue forwvard voltage irop and
discharge of the cosidenser C during the interpulse period. Each instru-
ment should be caliberated periodically to ensure contihued good
accurzcy. The one turn primary may consist simply of the passage of
the cathode and-beater leads, properly insulated for high pulse voltage,
through the hole in the core Since the pulse current to be measured has
a negative polarity, the proper erientation of the primary and secondary
windings, polarity of the dicde and of the indicating instrument must be
observed. o -

A

<
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Lotese owatini, - o _R%Ciﬁ Dimension in In~hes |
; - *

plate LU igan

in phantou.

-~ ~efeyrence 3057 iiax
l'lane ":" B 0.454 .9
- CHs 00750 t.005 Dia
$,01C Dig
3 $,030
Wi 0444}

s

2
4.

654 £.030
672 Max

_gf_uu..r_:r_,.u___
Holoo

4,000 £.020

5e50C £,020

__,‘.oou +.010

<000 £.010

R
mq;E-st.Jg* .
| OealQ i_LQlQ_...___,_.,..
S P2Yen ; .

ilan- "C" "M .houe Terperatuare ote:- Axl: of wave-
w2t orotat (o anods ~ulde flanic must 1lle
Houy A, acel te oute parailsl within £.010

L.AL 51”” :-;"o to .lane: A and I

Figure 1

Yage 1 of 4
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ote lie Converliinne aex mdot 17 ): ;uralle
to flae . owithin t 1/2% e o

ta - 1 cf 7til

ot e SNLe Ulon o et mates wits modilicou

\'ff.t.;..';h/i-'.f‘;v ;!.l:‘.\,.»- la 'l. m_‘;' 2

e P

.
ote re ztorinl o slowiws jlav.d fralc.

Uoed 101 L0lluwlin: Ue te [L=201, LL=2hU

Figure 2
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Used fer followin, tuic. e

EL=221, 'Le236

Figure 3
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-Heater Return Disc

- ¢f£‘- “— " —Retarn Heater Lead

;._B__(‘!.--L. Dimension in Inches hﬂl
, A Ht rater - Cathode Commen,
“ges 0.675 Min. T
T“‘c';u _o_ 150 ¢£,%05
Lptt I, 750,005 Dia, |

E®s l 000 +. 010 Dla j
I‘.'_' C0.84% Max. Dia, i
{’ Ges 0 .0 735 4, 610-, 00‘~ D 1 o
| Hes | 0. 531 ¢, 003 Dix, _.‘_-,...__4'
| «,p. 0, ZSO t 005 Dxa !

. K% 0.169 +,005 Dia.
F'Les 0, 700 Max. Dia,

M ”ﬁ'e"a(e’i»"ﬁ'e‘?ﬁ}h' T N
. Nes 45 Agprox. R
Pes 70,150,005 ~ ]
Q*¢  0.180 2,020
Ré* _ 0, 360+,020 ]
Ses ! 0. Lig Min, __

Used for following tubes: -

BL-246 Figure 4
SPECIFICATION SHEET SONAC LASORATOMES INC.
Terminal Connection for SEVERLY MASSACNUSETTS
TENATIVE Heater - Cathode 2:20-60 JJB




