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ABSTRACTr
Production Engineering Measures were applied to the 70 Gc

magnetron developed on a previous R and D contract.

SThe four major changes in the tube and process design were

(1) a --hango- from a glass output window to a ceramic output window,

[ (2) an improved integral cathode centering device, (3) additional finish

I treatment of assembly to prevent corrosion in storage and (4) increased

vacuum and other cleaning processing of internal parts to improve life.

T Studies were made on frequency tunability, and integral ion

r pump appendage modificatio-ns. These were not incorporated.

A specification i. the MIL Format was proposed and approved

and the tube was registered under the number 8558.

y A hobbed anode manufacturing facility arid capability was estab-

,iched at Bomac as a second source to other such facilities. Bomac's

I facility is established to perform hot hobbing and is at present being

I used to make anodes from 16 to 70 Gc.

Preproduction Approval Testing was performed on five (5) tubes

Swith no failkes and the procedures and data are included herein.

I Ac"- --ling to agreements between Bomac and the Signal Corps,

reached alter the preproduction approval tests were completed, the

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

I
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PURPOSE

The purpose of this PEM Program was to investigate minor

constructional modifications in the BL-221 magnetron design and

to set up a manufacturing facility capable of producing at a rate of

fifty (50) tubes per month.

Anrong th- ^"--r'ctional design modifications undertaken

were:

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

permanently attached Vac-Ion Pump.

b) Replacement of the present glass ou t put 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.

-2-



I I NARRATIVE AND DATA

II. Status of Design Prior to PEM Program

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

I many had to be replaced. The storage deterioration was found to

be due to (1) hydrogen penetration caused by external surface cor-

I rosion and (2) mechanical instability of radial cathode position.

I 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 out windows, inability to properly

center the cathode radially in the anode, improper frequency, low

I 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

j on a single outside source for bobbed anodes.

U. Sheli Storage Life

I The p.•-blem of short storage life was investigated along two

[ avenues. One studied the feasibility of an integral vic-ion pump

appendage and the second ,tudied various tube iimnshes under heatcd

I and humid conditions.
-3-



II. 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-- to f.al 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 w,'re lost 1n assembly

stages. The two control tubes were tested throughout the program

with the regular unintegrated vac-ion pump attached but not running

except when a pressure reading was required.

All tubes were held for 1/1-2 months shelf storage 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. It is apparent that continuous pumping is not categori-

cally helpful in prolonging the serviceabillty of she tube as it was

designed 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 meor logical ,o

conclude when taking other facts into consideration !hat operaing

life is limzated by something other than vacuum degridaion.

-4 -
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II. Shelf Storage Life (continued)

B. External Finish

The graph Figure 6, and the picture Figure 7, illustrate the

effect of temperatu,-e and humidity exposure on tubes processed 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.

Three alternate procedures were tested and each provided

adequate protection up to 100 0 F. None provided protection at

100 0 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
afte r exhaust

D

p

Tube with Gold plating
after exhaust

Tube with heavier nickel plated
parts before exhaust

FIGURE 7

- 14 -



IL

III. Ceramic 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 and 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

3 coupler position and exact waterfall configur'ation critically affect

power output at test. An adjuatment and/or selection process during

first test must therefore be retained.

I
I
!
!
I
I
I
* -15-
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Coupling0
Alignment

couplet output

Ceramic
Window

Contact
coil

-. ~.adow Ring

Wavegsald.

Transformer

T TAIE SPECIFICATION SHEET I_:v;:L'-100IESI:
Ceramic Output Window Assembly 3-96

Figure 8
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Coupling
Alignment
Pin

Coupler
Output
Flange

Coupler W -- eaindo

Base

Wavegfuide Wido >-• Cvt

Transformer "n

Ring U
Transformer

Ring

SPECIFICATION SHEET BOMAC LABORATORIES INC.SALEM ROAD

ITENTATIE Ceramic Output Window BEVERLY._MASSACHUSETTS

Model No. 2 Assembly 4/17/6Z
Figure 9
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IV. Anode Manufacture - Bomac Facility

Prior to and during the modification study phase of this program

anodes were purchased from Anton Manufacturing Co. These anodes

were produced using cold hobbing techniques 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-I which had been made at Columbia to test the hob grinder

machine and Hob B-2 which was the first hob ground at Bomac.

I The hob material, Vitaliumr No. L605, as supplied by Austenal

u Labs of New York City, proved satisfactory. Later it became appa-

rent that the hob material had to be more specifically specified in

I 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

I this material.

I Hob B-I was found unsatisfactory due to dimensional errors in

cavity depth. These tubes moded severely. Hob B-2 was found satis-

I 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 necessary to re-

I 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

I vane deformation and burring.
i -19-



IV. Anode Manufacture - Bomac Facility (continued)

The following steps were established for the anode manufacturing

routin i:

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 0 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 penetration
of approximately 0. 160 in/mmin.

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 0 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 -



I IV. Anode Manufacture - Bomac Facility (continued)

13. The output recesses are lathe turned into the anode.

14. The potting is again dissolved in chloroform as in
I Step 9.

15. The oatput area is deburred.

1 16. The machined anode is then measured on the optical compar-
ator. All dimensions are recorded for Engineering study and

* acceptance.

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

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

I was limited to only 4 or 5 presses.

The disadvantages of the above procedures are:

I 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 from Palmer Products
and hardener ERL- 2743.

2. 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.

3. Dimensional requirements are so severe that even the most
skilled machinist working with a precision lathe c ýn only turnJ 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

j 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-

Squired 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 , ,uld not be improved.

3 - 21-



IV. Anode Manufacture - Bomac Facility (contin.ied)

Another hob, B-3, was made to 'ack 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 and 12 show the hobbing and machining tools for these

operations.

- 22 -
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V. Manufacturing Methods Improvement

A. Cathode Centering Device

The BL-221 contains a cathode centering assembly

3 permanently affixed to the magnetron. Radial centering

i changes of lees 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

3 point contacts and these in turn pushed on 2 centering seg-

3 ments. In use the centering studs became scribed and the

adjustment became discontinuous. Further, 2 centering

I studs could not uniquely conform to the diameter of the

I cathode structure and hence a small amount of backlash

existed between the centering segments and the cathode.

I The new structure, as can be seen in Figure 14, corrects

both of these defects.

The centering segments, ball bearings, and centering

I pins are all hard materials and have exhibited essentially

I zero plastic flow during the tube life. Thus the position

achieved during testing should be stable for an adequate

I amount of time.

!
I

- 25 -I



CATHODE STRUCTURE

CENTERING SEGMENT (2)

CENTERING STUD (4)

BALL BEARING (4)

CENTERING
COLLAR

CATHODE CENTERING BASE

I SPECIFICATION SHEET fOUAMATQ•S ,,IW

(OLD) SVMUL. ,AS,•,USM

[_CATHODE CENTERING ASSEMBLY 10/18/62
FIGURE 13
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CATHODE STRUCTURE

CENTERING SEGMENT (4)

CENTERING STUD (4)

BALL BEARING (4)

CENTERING
PINS (4)

-,,...•CENTERING

COLLAR

CATHODE CENTERING

BASE (MODIFIED)

I SPECIFICATION SHEET m"oc uLnmwows i• c

. .I (NEW ) t vERiT ,,N& S (tm

S. CATHODE CENTERING ASSEMBLY 10/18/62
FIGURE 14
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V. Manufacturing Methods Improvement (continued)

B. Frequency Tuning

In order to reduce the dimensional severity of th-L anode

machining operation it was thought that a frequency adjuster

could be included in the tube design to bring tubes a! test to

the correct frequency when these tubes were built with anodes

which were off frequency at thie 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 opezation. However, mode stability

changes and power output variations with frequency ch.Lnges

severely limited the amount of taning actually achieved in

finished tubes. The effort was discontinued.

C. Cold Test

All of the resonance and Q measurement. made on this

device have been done using a QK 865 klystron as a power

source and slotted line point by point plotting methods.

Near the end of the program a Varian Canada klystron

VC-705 was procured to provide sufficient power to operate

a reflectorneter type of cold test bench. It is quite apparent

at this time that production obscrvations of resJlnance charac-

teristics of the w and w-1 modes and the determination of cold

resonance frequency has been aided.

- 28 -



TUNING SCREW

,BELLOWS HOUSING

- ,BELLOWS

BELLOWS SUPPORT
8k ALIGNMENT TUBE

/TUNING RING

ANODE BLOCK
i• /EXHAUST

TUBULATION

POLE
SYSTEMS ANODE RESONATORS

SPECIFICATION SHEET ,OMAC LASORA1ORIES INC.
SALEM ROAD

BEVERLY, MASSACHUSETTSTUNER MODEL NO. 2

FIGURE 15
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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 or rm.ajor

production work.

D. Processing of Bomac Manufactured Anodes

During the first attemptto evaluate tubes made with Boma,:a

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

manufacthring 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.

- 30-



V. Manufacturing Methods Improvement

r, D. (continued)

The resulting process is as follows:

1 1) Following ultrasonic cleaning in chloroform and adequate

water rinsing the anode and output structure is brazed in

very wet hydrogen to remove carbon.

[ 2) The assembly is electrolytically polished in the area of

r the anode vane tips.

3) The assembly is ultrasonically washed to remove all traces

I of glycerine which is used in the electropolish solution.

r 4) An oxidizing, etching, and hydrogen firing sequence was

tried at this point but later discarded as not necessary.

[ 5) The assembly is vacuum fired and inspected for discolora-

r tions and deposits and if clean is allowed to proceed to the

next assembly.

I 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 prior 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-

I posed.

3
[ -31 -
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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.
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I VI. Test Equipment and Measurements

r Three test stations were built to be added to test stations built

on previous contracts. Also a spectrum analyzer was constructed.

F The contract specification called for an oscillation condition

[ using a 0. 03 Lsec pulse width and a duty cycle of . 0005 in addition to

two other sets of conditions. The high repetition frequency involved

r with this particular oscillation condition caused overheating of the

r high voltage power supply plate transformer and the charging choke

parts of the two soft tube type of modulators.

r Although considerable effort was expended to obtain parts

17 with sufficient rating this condition had to be reduced to a lower

duty cycle before testing could be accomplished at the short pulse.

I' The specification now in issue reflects this change.

V 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.

I
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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 8558 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.
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1. Introduction

1.4 Technical Personnel

1.4.1 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.

1.4.2 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.

1.4.3 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 Gc to 70 Gc.
During this period he assisted in the construction of the
BL-201 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 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.

1.4.4 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.

1.4.5 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 1. Introduction

1.4 Technical Personnel (continued)

1.4.6 Richard Flynn

I' Mr. Flynn graduated frarn ligh school r.1 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.

1.5 Standard Equipment Used Included:

Serial Calibration

jManufacturer Model No. Date AccuracV

1.5.1 Tektronix scope[with L head plug

in unit 541A 020896 12-11-63 3%

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

1.5.3 All American
r. Mechanical

Vibrator 25HA 9931 9-24-63 *1 CPS

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

1.5.5 Browning Labs
Standing Wave
Ratio Amplifier TAA- 16B 249

1.5.6 FXR Directional
Coupler M610D 130 .4 db
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1. Introduction

1.5 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 Assoc.
Standard Gain
Antenna (2) MA-627 54 and 57

1.6 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 ls nominal

Repetition Rate = 500 min. to 12,000 pps max.
Calibration Date: 12-4-63

I1.6.2 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 1,s nominal
Repetition Rate = 7150 pps
Calibration Date: 12-2-63
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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 under 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 sipplies the following pulse
conditions:

Pulse Voltage 0 - 15 kv
Pulse Current- 10 Amperes Peak
Duty Cycle = . 0005

Pulse Width =. 07 Ls nominal

Repetition Rate = '150 pps
Calibration Date: 11-7-63

1.6.4 Modulator, Portable, Soft Tube, Line Type

This modulator is of Bomac construction, having been built
under Contract DA-36-039-SC-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 ýLs
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 calibratedi on 12-4-63.
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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 Gc 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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1 2. Holding Period

2.1 Requirements

2.1.1 The requirements of Paragraph 4.5 of MIL-E-I D apply.
This paragraph states that tests marked with a dagger
sign may be made before and shall be made at the con-
clusion of the holding pericd; and tests not marked mayr be made before or after the holding period.

2.1.2 No tests are marked with a dagger sign in the T'SS.

S2.2 Procedure

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.

1 2.3 Test Equipment

F 2.3.1 None was required.

2.4 Test Results

F 2.4.1 No problems were encountered.

F 3. Dimensions

3.1 Requirements

3.1.1 Paragraph 4.9.2 of MIL-E-ID states, "Each tube shall
be inspected for conformance as to size, shape, ard 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 outline drawing.
I They shall satisfy all requirements of the outline drawing.

4
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3. Dimensions (continued)

3.3 Test Equipment

3.3. 1 Test equipment consists 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.

3.4 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.

4. Shock

4.1 Requirements

4. 1. 1 No MIL-E-ID 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.

4.2 Procedure

4.2. 1 Make initial tests on all tubes under Oscillation (1), (2), and
(3) conditions, following procodure 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 table of a JAN-180
shock machine using a 1-9/16" thick Irass 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 magnitude 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 Procedure (continued)

4.2.6 Apply one shock

4, 2 7 Repeat 4. 2. 5 and 4. 2. 6 so +ka+' +e s9ock 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 out-
put waveguide axis.

4.2.9 Make post-shock tests as outlined in Paragraphs 11. 0,
12.0 and 13.0 which follow.

4.3 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.

4.4 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 before and after shock test are shown on the
Qualification Test Data Sheets in the Data Section.

5. High Frequency Vibration

5. 1 Requirements

5.1.1 Note 15 of the TSS sheet states: "Vibration frequency
will vary from 10 to 50 -Lo 10 cps at a displacement of
*. 0A'" (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 = 1._0 MCtp

5.2 Procedure

5.2. 1 Bolt the test jig shown in Figure 22 to the table of the
vibrator.
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5. High Frec*uency Vibration

5.2 Procedure (continued)

5. 2. 2 Mount the tube on the jig in such a position that vibration
will be along the X! axis.

5. 2. 3 Connect the portable modulgtor, shown in Figure 20 to the
tube and preheat for 90 seconds.

5. 2.4 Apply pulse voltage and operate tube under Oscillat:on 2
conditions as outlined under Test Procedure Paragraph
1 2. 0 with a waveguide horn as a load.

5. 2. 5 Detect the R. F. energy with the spectrum analyzer with
another waveguide horn as a pick up device.

5. 2.6 Monitor the spectrum, ard measure and record the band-
width during vibration with the assistance of the marker

pip of the analyzer.

5. 2.7 Repeat 5. 2. 2 through 5. 2. 6 with vibration applied along
the Y axis.

5.2.8 Repeat 5. 2. 2 through 5. 2.6 with vibration applied a~ong
the X2 axis.

5. 2.9 Make pre- shelf tests as outlined in Paragraphs I i.0, 12. 0
and 13. 0 which follow.

5. 3 Description of Test Equipment

5. 3. 1 The portable modulator is to be used in tý is test.

5. 3. 2 All American Vibrator is to be used.

5. 3. 3 The vibration test jig, thown in Figurt 22, is to b-- used.

5. 3.4 Spectrum Analyzer is to be used.

5. 3. 5 A photograph showing th.- vibration machte, test jig,
magnetron in jig, and bandA:dth measur~ng eQ,_;!)rent
i sho-vn -r. Figure 24.

S. 3. t, A phote-griaph sho%%tni the rT-iagneror. -.r -.g ' : *i

rmntting horn a. -1'• re ý.-ng iiorn pl.s Bor., S.e, trurn

Analyzer R. F. head :s shown :n Figu4 re .•.
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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, aiid 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 couplei to break loose from
the magnetron. Specifically, the use of a gas pressurer input adapter section, coupled with an unsupported gas
pressure input hose (for SF6 gas) contributed entirely to
the unnecessarily long moment arm and excessive weight
applied to the coupler. The tube was not otherwise darn-
aged and a new coupler was soldered to the tube. The

r" 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, zsF/OC shall be determined from the average
of three tests over any 300 C temperature range. Condi-
tions shall be as specified o:,i the tube specification sheet.
The temperature shall be that of the frequen y-determining
element. "

6. 1. 2 Conditions of the TSS are as follows:

Osc. (2); T = 300 C to 1000C at point specified in F-igure 1
of TSS.

/VF/LT = 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 plumbinig extending outside
the chamber.
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6. Temperature Coefficient I
6.2 Procedure (continued) r

6.2. 2 Adjust the chamber temperature until tht point specified
in Figure (1) of the TSS reaches +30 0 C.

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

6.2.4 Apply pulse voltage and operate tube under Oscillation (2)
conditions as outlined under Test Procedure Para. 12.0. r

6. 2.5 Allow the tube to "soak" or stabilize for at least ten min-
utes. Measure and record temperature and frequency.

6. 2. 6 Increase the chamber temperature until the tube body
reaches +60 0 C. After at least a ten minute "soak",
measure and record temperature and frequency.

6.2.7 Repeat 6. 2. 2 and 6. 2.3 at 700 C r
6.2.8 Repeat 6.2. 2 and 6.2.3 at 100 0 C

6.2.9 C .Iculate the temperature coefficient, TD = 6between
+30 0 C and +60 0 C, and between +70 0 C and +100 0 C. Record

on the data sheet the higher of the two figures. J
0. 1 'Description of Test Equipment

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

6.3. 2 The Associated Testing Labs temperature chamber is to be
used in this test. Temperature limits of chamber are -90 0 C 1
to +2100C.

6.3. 3 The thermocouple and Foxboro temperature indicating device I
are to be used to measure the tube temperature.

6.3.4 A photograph of the setup used in the temperature coefficient 1
measurements is shown in Figure 18.

6.4 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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7. Pressurizing

7. 1 Requirements

7. 1. 1 Paragraph 4.9. 13 of MIL-E-lD 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: "Thc 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".

7. 2 Procedure

7. 2. 1 Attach an air pressure jig to the output flange of 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 of leaks.

7. 2.4 Attach a cavity type of pressure fitting to enclose the
cathode input terminal and pressure to 35 psig. "Valve
OQf! 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.

7.3 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 jr pressure
testing the cathode input terminal.

7.4 Test Results

7. 4. 1 The tubes showed no evidence of pressure leaks.
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8. Low Temperature Operatio&,

8. 1 Requirements

8.1.1 MIL-E-ID states: "The tubes shall operate under the
conditions specified on the tube specification sheet,
following the specified warm up time at an initial arnb-
ient temperature of -b5 0 C. " Since the TSS specifies
-550C, that value applies.

8.1.2 Conditions of TSS are as follows:

Osc. (2); tk = 90 secs (max.); T = -55°C at point
specified in Figure 1 of TSS. I

8. 2 Procedurt J
8. 2. 1 Mount the tube in the Controlled TemperaLare Chamber

with the normal test plumbing extending outside the
chambe r.

8.2. 2 Adjust the chamber temperature until a temperature of
-550C 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 aeconds.

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. J

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-ID states: "When the voltage specified on the tube
specification sheet is applied to the heater or filar- -nt, 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. 3`, tk = 90 sec's (min), and
If= 2.5- 3.OA.

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, is to

I be used.

S9.4 Test Results

9.4. 1 Ti,.. %..L.i. ient 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:

SHeater 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) r

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 t&-e
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,
described in Sect. 1.6.4 to tube for observation of heater
to cathode shorts. Adjust heater voltage to 6. 3 volts.

10.2.5 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 a "Simpson" volt-ohm meter. The fila-
mtat circuit is pazt 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 wer7e observed
as indicated in the Data Section.

i
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11. Oscillation (1)

11. 1 Requirements

11. 1.1 Paragraph 4. 16.3 of MIL-E-ID states: "Each magnetron
shall be tested for oscillation according to the conditions
specified on the tube specification sheet.

11. 1.2 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

S11. 1.2.3 Power Output, Po
11. .2. 4 *Stability, % M.P.

11. 1. 3 The TSS specifies the following test conditions for Oscil-
lation (1)

11. 1.3.1 Pulse Width, tp- °03*.005Ls
11. 1.3.2 Duty Cycle, du .0003
11. 1.3.3 Rate of rise of voltage, rrv = 325 kv/ýis (min)

* 11.2 Procedure

11. 2. 1 Place the tube on the Hard Tube Test Modulator-

11. 2.2 Apply a heater voltage of 6.3 volts for 90 seconds.

11.2.3 Operate the tube at 9.0 peak amperes, taking cognizance
of Note 1 of TSS.

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

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

11. 2.6 Measure and record *slability in terms of % missingI pulses under conditions of Note 9 and 10 of the TSS.

- 11.3 Description of Test Equipment

11. 3. 1 Hard Tube Test Set consisting of:

S11. 3. 1. 1 Modulator in Console.
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11. Oscillation (') (continued)

11. 3 Description of Test Equipment

I '.. 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 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. Oscillation (2)

12.1 Requirernents

12. 1.1 Paragraph 4.16.3 of MIL-E-1D stateb, "Each rrmgnetron
shall be tested for oscillat~on according to the conditions
specified on the tube specification sheet.

12. 1.2 The TSS calls for the foilowirag Mea "rtvmet-.s to be made:

IŽ. i. 2.1 Heater-Cathede Warm-Up Time, tk
i2. 1. 2.2 Average Anode Current, Ib
12. 1.2.3 F-ilse Voltage, epy
12. 1.2.4 Power Output, Po
12. 1.2.5 R. F. Bandwiduh, BW
1,. 1.2.6 Minor Lobes, ML
12. 1. :. Stab~iit,, % M. P.

12. 1.2.8 Pulling Factor, P.F.
!2. 1.2.9 Push-ng Factor, Push

12. 1.2. 10 Fixed Tuned Frequency, fo
12. 1. 2. 11 **Shelf Life Stabiiity, % M. P.

(The first measurement after 90 d& 3shelf i',e)

, tZ, .



12. Oscillation (2)

12.1 Requirements (continued)

12.1.3 The TSS specifies the following conditions for Oscillation
(2).

F 12.1.3.1 Pulse Widtl, tp - .07*. 0 1us
12. 1.3.2 Duty Cycle, du = .0005

- 12. 1. 3.3 Rate of rise of voltage, rrv = 325 kv/g.s (min)

12.2 Procedure

S12.2.1 Place the tube on the Hard Tube Test Modulator.

1 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.

S12. 2.4 Note that pulse voltage and power output are nominally

correct as evidence that tube operates properly after
I 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 pulser voltage.

12. 2.6 Measure and record **Shelf Life Stability, as the first
test after the 90 day holding period.

12.3 Description of Test Equipment

12.3.1 Hard Tube Test Set - described in Section 11. 3. 1.

12. 3.2 Frequency Pushing Measuring System, consisting of:

12.3.2. 1 Standing Wave Ratio Amplifier
S2. 3.2.2 Frequency Meter
12.3.2.3 Crystal Detector

[ 12.4 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 lobe relative height, stability
(as evidenced by the lack of any lines missing from the

•I spectrum over a five minute period of observation) in-
dicated that all tubes passed the tests. Please rcfer to
Test Data Sheets in the Data Section.
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13. Oscillation (3)

13.1 Requirements r

13. 1.1 Paragraph 4.16.3 of MIL-E-'.D states, "Each ragnetron
shall be tested for oscillation according to the conditions
specified on the tube specification sheet. "

13. 1. 2 The TSS calls for the following measurem2nts to 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

13. 1.3 The TSS sne "ies the following conditions for Osc. (3)

13.1.3.1 Pulse WTidth, tp = .25*. 05

13.1 .2 Duty C, cle, du= .0005 |
13. 1. 3.3 Rate of rise of voltage, rrv = 325 kv/pis (min)

13.2 Piocedure

13.2.1 Place the tube on the Hard Tube Test Modulator.

13. 2. 2 Apply a heater voltage of 6.3 volts for 90 seconds.

13. 2.3 Operate the tube 4. 5 ma average anode current.

13. 2.4 Note that pulse voltage and power output are nominally
correct as evidence that the tube operates properly after
the tk = 90 seconds interval.

13. 2.5 Measure and record pulse voltage, and power output at
t = 100 seconds after application of pulse voltage.

13. 3 Description of Test Equipment

13.3.1 Hard TubeTest Set including peak voltmeter. I
13. 3.2 Oscilloscope and Current Pulse Viewing Network.

13. 3.3 Power Output Measuring System.

13.4 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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1 14. Acceptance Life Test

r 14.1 Requirements

14.1.1 Paragraph 4.11 of MIL-E- ID 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.

1 14.2 Procedure

- 14.2.1 Place the tube on the Life Test Modulator.

14.2.2 Set the timers on the modulator to produce the specifiedr cycling time intervals.

14.2.3 Connect the plumbing to the tube and pressurize samer with dry nitrogen.

14. 2.4 Apply the specified starting heater voltage.

r 14.2.5 Apply pulse voltage to the tutbe 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
voltage to obtain the predetermined operating current.

14.2.7 Allv,' unit to cycle, shutting down and moving the tube to

the Hard Tube Test Set for periodic performance tests.

14.2.8 During the pcrioaic tests, under the Cycling Life Test End
Point conditions of the TSS, read and record under Osc. (1)
power output and peak anode voltage, and under Osc. (2)
read and record oscillation frequenc-,, bandwidth, stability,
and peak anode voltage.

1 14.2.9 Discontinue the test after 600 -ytles have el.ipsed.

j 14.3 Description of Test Equipment

14.3.1 Soft Tube Life Test Set, - described in detail in Sectioo
" 1. 6.3 and shown in Figure 19

14. 3.2 Motor Driven Pulling Device.

- 65 -
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LI
14. Acceptance Life Test 5

14.3 Description of Test Equipment (continued)

14.3.3 Dry Load I

14. 3.4 Waveguide Pressurizing System

14, 3.4. 1 Dry Nitrogen from plant line, pressure
regulator and hose to plumbing.

14.4 Test Results

14.4.1 The measurements on the selected tube, #73 under
Cycled Life Tests End Point conditions at the end of
640 :ycles, shown in the Data Section indicate satis- I
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 i
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.

-I
i
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I
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 I
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. I
Whereas the minimum pulse width is supposed to be . 025 ýLsec it is actually
.024 4sec. 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 17
"OKI'. 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. 1F. is certain that a spectrum wherein 22 lines
per second are seen to be deficient would be an outstandingly ragged one.
Had the latter been the case, % missing pulse measurements would have
been made. f

In the case of Vibration Fatigue and Low Temperature Operation,
the entry of "OK" is to indicate that (I) no shorts occurred and (2) the tube j
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. I

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

[
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Summary of Data (continued)

shelf life and routine testing to which they were subjet-ted. Review of the

Life 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 minimium power observed during life exceeds the minimum limit

by a good margin. The other indicationA 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 absenoce from the R. F. pulse atnd 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 fpecified 10 G vibration level, the tube was run with

14.5 Gls. 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 6 gas to the waveguide was such that inV 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 ,.wo of the tubes at sorme 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 computed 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 to prevent a magnetron having a high leakage from
succen•ully passing the test. Since high leakage would invariably cause
higai average currents it is recommended that tI1he 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-b3 and
approved by the Signal Corps on 10-23-63.
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r
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 providr- two press stations.

b. Anode Machining 3 men

With two additional Hardinge Precision Lathes for

a total of 3 lathes

c. Anode Measurement I man

d. Anode Deburring 1 man

e. Anode Potting and Cleaning I man

With a total of 15 potting molds and one additioal

potting press.

3. Tue Fabrication

Cathode Assembly I person
Body Fabrication pelsol
Exhaust - Final Assembly I person

Material Expediting and Proces- I person

sing.
Inspection Iperson

( with 5 new jets of all jigs and fixtures)

I -7



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 prico for a-l other parts is

estimated to be $500. for each shipped tube at this quantity level. The

total estimated manufacturing cost at a steady rate of 50/month then is

estimated to be $1, 150 not including start up costs and not reflecting

expected changes in Labor and Overhead rates.

Reducing this to low quantities and comparing it to the co.t of manu-

facture prior to the PEM Program it is estimated that the low quantity

manufacturing cost has been reduced by about 40%.
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CONCLUSIONS

The BL-221, 70 Ge 10 kw magnetron can be manufactured to order

on a semi-production basis. To achieve the planned rate goal, Step III,

implementation would bc required.

Storage environment should not exceed 100°F or 9576 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 consistent 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 isec

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 errosior, then life would be

shorter at long pulse.
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SECTION 3 - FINAL REPORT

IN PROCESS INSPECTION AND QUALITY CONTROL Pi

M;
The following chart lists the construction, inspection, test and rework Fu

RI
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 He

Acceptable after first run Reason for M4

Operation Inspection Units for rework run Rejections as

we
Raw Part and per Part Spec.
Mate rial Inspection

Anode Fabrication
Fu

Hob and machine Metalurgical - End of hob life. 181
3000 slugs analysis of raw 2400 - Improper

mate rial Stripping
Visual - Torn or bent

vanes.

121

Dimension and Comparator and - Dimensional
Cold Test 2400 Low Power 1200 Errors Ex
anodes Electrical - Frequency

- Circuit Q's

Body and Envelope Ass'y. Fu

1200 units through Visual solder flow. - Incomplete or asi

two furnace brazes Leak detect. 1150 340 excess solder cot

filleting

Te

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

band. Leak detect 100% Sal
bus
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r
Parts available

Acceptable after first run Reason for
Operation Inspection Un4s 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, ernitte rs.

hats and Brittle Wire. F
emitte rs)

Furnace Braze Die Test sample High VSWR F
1800 windows Leak Detect 1200 390 Vacuum Leaks

Measure VSWR F
Futnace Braze Irpperfections F
1200 exhaust caps Visual 1200 390 in Gland Nut

F

Exhaust 810 units Review of Exhaust 790 20 Leakers or
Data gassiness.

Insufficient
Emission.

Furnace braze and Visuai - sorting is 650 175 Poor output
assemble 720 done at test. match I
couplers

I

Test 790 Units All electrical and out- 475 315 Frequency
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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T%.p-e Bl,-'z1

rhe applicable [rovisioz.s of the latest issue of MII-E-I pertain to this
specificatoi.

Dcscriptolu Mgmetrmi , pulse type, millimeter wave length, fixed
f '-quez.cv 1,9.0 to -0. SkMc, 10 kw peak, air cooled,
ryermanciit rilagr et.

Ratir s (.b b.): Ef . p PI Du prr tk T

Ur its: V kv a kw M' --- l1S pps sec oC
Ma%: 7.0 15.0 10.5 158 8- .00055 0.30 17,000 --- 100
Mil : - . --- --- 0.025 --- 5 -

Ratij 6s . r v tf

UT it-:
Ma'.: 3 0
M.'T •100 ---

No,-v 18

o.. r rt Li or, or f P .. , , tcts - N(t" 13

Typic;, o1

0 Ir, -L f iII :rv tfv

U- Its: A .. k .,s pps kvl/Ps lps

Osc. 1 1.1 9.0 14.(0 0.03 10,000 32" .20
OC . ,S c. 1 0.0 14.0 0.07 7, 150 325 .20

O . . ,. t 1 4 . 0 O . 41) 6-, 0 0 0 3 . ; 6. 1

Nt' Note 1T Note 18

Alt tu. • No., 2, 1

Mu.- tit Pl-ositioy : Art,

,t C, .ior s M a

4. Pkl-!ld' bý Ptr-od, 1 1 8 - ,ju rs

4. 9,.• D)'114': '•UI b: Per ý,-.t c.v!i.d oko~lme

-. No v,,',a• s, 50 G; 4 n•---

~I :i': . Notv 3

,O:i BW-- 3 0 mctr

Note 15 !l. iI SPECIFICATION SHEET m =O
P *, 1 , T,-p<. •I.-2.1 -



Ref. Teat Coruiulons Mir. Max.

4.9.14 **Temperature 0ac. (; F T:--- 1. Mc/°C

Coefficievt: T 300 C to 100 0 C r
at poirL specified
ii Figure 1

4.9.11 Waveguide Output 45 psia; ---

Pressurc: Note -'

Irput TrerinAl Note I ---

Pressure: r
4.9.15 **Low Tempeiatture Osc. (--;

Operation: tk 90 sec's. (max.)

T -5;.°C ,t point I
specitied in Figure 1

4. 10.8 Aeater Current: Ef . 3V If: ..5 3.OA r
tk - 90 sec's. (mir.)

---- **Vibratior. Wdater Volt•ge only; r
Fatigue: 10G; F- - 0; duratior.

15 rmin.
Note 4 r

4. lt.3 .Oscillatiot (1): o 1. :l (max.) r---

4. 1(i. 3.2 Heater Cathodte Ef - . 3V; k:--- 90 seý 's.
Warm-up Time: N,, t, v r

4. 1f.3. 3 Pulse Ch.-irictý. r- tp 0. 03*. 005ýs; -....--

Istics D- . 0003
rr% 3-'S , k /Its( .)/

Notus * 17

4.t,. 3.4 Average A'ode No:e I ---

Cur re nt:

P,';,k Ano-.e ih '.0a ,.- •

Cur re vt:

4. 1 .3. Pu ,lse Volt.ge: ---- epý. 12. 14. k,,

4.1-.3. t Power Output: Wi:Ži•n 100 sec's. Po. 3.0 ..- W

SPECIFICATION SHEET

Page 2 of 9 Type BL-..:I 9-._3-_-__3
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Ref. Test Conditions Min. Max.

*Stability Notes 9, 10 1.0%

4. 16.3 Oscillatior (2): a = 1.02:1 (max.)

4. 16.3. 4 Heater Cathode Ef = 6. 3V; tk: --- 90 sec's
Warm-up Time: Note 5

4.16.3.3 Pulse Character- tp 0. 07*0. 01s; ---

istics: Du- 0. 0005;
rrv 325 kv/ýts (min.);
Notes , 17,

4. 16.3.4 Average Anode Note I Ib: 4.5 5.SmAdc
Current:

Peak Anode ib z 9.Oa
Cur rent:

4.1Ic.3.5- Pulse Voltage: ---- epv: I1. 5 14., kv

4.16.3. r Power Output: Within• t-: 100 sec's Po: 5.0 --- W

4.1'.3.7 R.F. Bandwidth: Notes 7,8,9 BW: --- 2.5MC-

tp

Minor Lobes: Notes 7,8,9 Ratio: 8.0 --- db

Stability: Notes 9, 10 Missing
Pulses: --- 1.0%

4. 1t.S Pulli: g Factor: ib - 9. Ga; YF: --- 75 Mc

Note 9

4. 16. 6 **Pushing Factor: ib = 8.0 to 9.O0.; F: --- CMc/,I

4.10.7.3.1 Fixed Tuned ib = 9.0,L; F: 'q.0 70. SkMc
Frequency:

**Shelf Life t - 90 days; Missing

Stability: Notes 10. 11 Pulses. --- .0%

4.1(.3 Oscillation (3)): : 1.2:1 (max.) ---

4. I. 3. . Heater Cathode El #'. 3V: tk: --- 90 Sec's
Warm-up Time: Note 5

SPECIFICATION SHEET ms
PgoI9Tp. Bmsa21-3i-
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Ref. Test Conditions Min. Max.

4. It. 3.3 Pulse Character- tp:: 0. 25*. 05u -s;

istics: Du- 0. 0005

rrv = 3Z5 kv/ýjs (min.)
Notes 6, 14, 17

4.16.3.4 Average Anode ib = 4. 5mAdc
Currert:

4.1t. 3.5 Pulse Vol;ize: epy: 12.5 14. 'kv

4.1 .3. Powu r Output: Within t = 100 sec's Pc: S.0 W

ACCEPTANCE LIFE TESTS

4. 11 Cycling Life Group D Cycles: -00
"Tests: f" - 1. ;(min.) with

phase varying thru :t
m!r.nirnum of 1/2

"dpproximately every
15 mrr.: Notes 9, 12

Co'dittios ib Ef Dur.ttion

Standby --- ". 3V 3 minutes
Osc. (j 9.0:. Note 5 18 minutes

Note I

Off --- OV 9 minutes

4.11.4 C\vclirg Life
Test Erd Point:

Power Output
Osc. (1); Po: 1. 4 - -W

Frequency F: n'8.75 0. 7 5kMc

Osc. (2);

R. Y. B.ndwidth BW: --- 3. SMc
Osr. (2). tp

Stubility MP" --- 2.0%
OsC. (2)

FPIlse Voltage epy: 12.5 15.0kv

Os,. (1).

Pulse Voltige epy: I Z. 15.0kv

O0c. (2).

SPECIFICATION SHE s-

Page 4 of 9 Type BL--241 9-23-63
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NOTES:

Note 1: Ir place of measuring aid s,.tting the operating point on the
hasis of .tvv, rage anode current, the peak anode current shall
bv measured and ..djus-td to the specified value. .hils may
be ;.ccomplislo!d bv use of (11 .,n oss -loscope and conventional
peak current %iewing resistor network if avatilable and conven-
ient or, (Z) .a. ciritnit which will produce 4 peak current readout
on :An instrument suitaible for field ase or, (3) the specific
ci -cuit sh,,wn and *'csc -ibed under Appendix A.

Not.: 2: At p- tk power levels of 10 kw or more, the waveguide output
must b. lire ssur.,:.d a: not less than 2 psig using dry air or a
dry g .9 t .c press ir- pros iding ..n vquiv•,lent b;eakdown capa-
1i .l The w. '%rguide p":ssu mus: T )t exceed 45 psist. See
Note 9 for speci,J r-.quirtnmen: q iinda-r nmi-match conditions.
The w:,vvg,:i le output sy~tttm sh. 11 be p* ssure tested bV the
.• |)I c.~ticr. ot LI r by .v:,, of a proper prt-,sure test fitting.

Ther,: slall be n(, le,,ks ,s ind.(ateal b the formation of bubbles
whr. 1;quid soap or det'rgei.t ,s applied to the joints associated
w:th th,. wa. -guidt: outip:i, ystt.tl.

Note 3: a. - This :est shall be performed on a Naval Research Lab-

oratorN st..ndard sh,'ck --i tchine for electron devices. A
resilier-: (ushlon (see not -'o) shall be interposed between the
harn•.x r and ,,1, 11 of t o.hc and a suit..'le hammer Ingle

e, Iv.ctvd to produc., . '"ock of the specified magnitude and
duratiot. {,vc' 1ote 3c). Th,- mounting plate of the tube shall
f-e lk'lt,'(i w.ti hhr ss bolts To t'ithcr tht' t.hble or the standard
.._r .le h . ket, dt p*rw-irg tpor the .;r.-ction of the r'esired

h,,tl<, sir. I- 1 : ., "i.hck brass sptcer betwt en the
in- ii tai, pl]. e .rd0 th .Thlr or ingle hrscket. The shock

bL..,ii in me siirv : o,, , bray.s spt-,.r. The table shall be

*. r o s-,- sL kMk tn .6 ot 'htu .ullowii:g d reL tions

- 'i, td •, Mt,. c'.hodv. wit.h. the c.,thodt, te nmrilals

- P" "p' r.! •,1 a %.. :h ." h dt axis, a•-t w, v guide axis.

3 , .i, , '"' -t l~dv axis ;nd n..,rlli-I to t.he

'. A 'est.l,'Ar.! u . or. to li isting oI 9"32 inch Thick rubber

sh.i . t-1 th .rty Sht re ihirot .'t.r hardness. coe-ring the entire

0"% 11 ' t] ht t thle, hais 9,bee: four.%, to produce the specified shock
(1it at.•.: under tht, g -r tcondi.aions of table lo;.d .mnd shock magaitude.

SPECI FICATION SHEIET I"
, oi i I Uf i ] U

i'..g• s oi "Tpe BL-s'i -Z-1
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Notc 3 (cm. t~ rtied):

c. -bec )ust- of the -. ýryin g rvbilienct, of the *abe on itu mokknt~ng

pl,,e with ... fferer: shock a~ret-ions anid the high ratio o- tvib,: to
t ble w-ight, t0 e ii nm'irngle will vary with tht~ tube's orient.~-t
lion to Produce the requiired T1u tgnitkAd,- of shock.

d. - Crioteridt "or passiing Sho. k Test: Aftor the ShoJck Test. thec
tube shall show no m"ct~.lf~ilu r- ~nd shaill zect Al t'lo'tri-
ca! -eqttirements of th !bescci&.w sh'ot w-th the except~on
of lifta Lea,.6

Notte 4. TLO~ i~r, c tior. %! vbra-*.or shall bc. in a pluntt perpen-iuula r ýo Lhe

a~xis uf tho c-thn ta*. fh'csh.,.l tie no e,ýide'nce of te--*hd
clr c .thode- anodi shorts .itrinr, this tvat.

Note r,: St. ~~hv~tter N olt-ge sh'kl1 bt: . 3 volts. Upon. applicAtion of
high %u lti-ge , the ~pph ca * ,olt~ge sh dl hu immedi.- to-ly

reduL- cILO: thte va.lue sh,,wyr mr tK* tabc da4 :.& sh'et. (Hefofr t3

" Typic..l Ope r.tiC'"" Itor -. alues of hote r 4-ur rev I to bt- tsed ts

a guide).

Note t The voliaý:a r.,,tt- of r1 bv bl. 21 1ý* measured be~wce e. 0 tund 107VT,
of the pva- k ,(-Atag, fv)rw.,--i slope.

Note 7:The tubv shall be opt-r.,.ed ivto -tr:;.nan Issioru line of VSWH c
1. t: A .I)'.st-d in ph, st to produice maxi :2urn spett -! dPgrA

No-,te 8: A silt-. I,"c sptctrurn sY..tl ht t..insidertd i~s one ii, which thmc -T :)or
Ib S sh Sjw tp.% IL c AZf t I slope dioes not chinve s gr :iort ~!-I ik
r'nC icer pt~we!r le "!F g, i 'h~ theý specified~ ruttu 49,,' lo
its pC 1k'.

Noti ' T: A~ -v.guide 1!-'. sxutiixig th- p -lli:g sew tit- -i.st be 1?re:*-

wr' '~~ul:-~ .. r~f tF )g ia ~:3 p-ig ar

[fie tests.i * d oih.t rne.-' *tnihw~'eih VSW*X t.4 the load
dI't' Egi.J .. p2~ .ng~-ist 1. IL r r-Ore.

Note 10: St~biitv hh~ e -to -.*uretv .r r~ns thoi .tr -ge nu-mbev of
Outpujt ;PwAlltco 11isipp vx;?-v-#d -.tas pg'rz-t ~'wef :h n-vý o
impput p.`1 ses iap~i a' ýtrain the- pxr r4t'-i ?o~r..~a~k The~
sing pulst-s (MI. P.)1, dtw ;eo ýi- 4".13itso afv~ ?t'ns ;4crd *o tw

V.Vj t Jw- RF ev.-t 14v- ;a lcss 01 1' 70%, of !ht. rworm]i en.-rp.
IV% *'I in the rang.- of t 0. 1) ý U. rk)-L. Tfi VS'Wi ' M h4
Lv A: dustrd to that pv- S'pt. 4~r s~~i Ins. .6a0,Sh ;nd 14t*

SPMECI3FICATION 'SHEETg~gg
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Note 10 (cont'_d

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

Note 11: The missing pulse test of Osc. (2) shall be the first one performed
after the specified shelf life.

Note 12: Air cooling will be adjusted so that the anode block temperature as
measured at the specif led point runs at 900 C or at the maxixnumn
temperature it will reach in the absence of cooling, whichever is
lower.

Note 13: These ratings are interrelated, but it does not necessarily follow
that combinations of limits can be attained simultaneously.

Note 14; Magnetrons 4 hould be operated by gradually increasing the applied
pulse voltage to the operating point to avoid any excessive arcing.

Note 15: Vibration frequency will vary from 10 to 50 to 10 cps at a displace-
ment of *. 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.

Note 16: The cathode input terrminAl will operate up to 6, 000 feet without
pressurizatio . Above that altitude an equivalent 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 tnaicatei by the
formation of bubbles when liquid soap or detergent is applied
to the several joints adjacent to the tube mounting plate.

Note 17" The rr.inkmum rate of rise of voltage (rrv) shown is for hard tube
modulator uperation. For soft tube modulator operation, the rate
of ri-se of voltage should not be less than 100 kv/As. The minimum

values show-. under the Osc. tests must not be exceeded by the
user and shall be exceeded by the manufacturer.

Note 18: 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 pulse.

_______ SPECIFICATION SHEET J I.O... .....

SEInMY. UAUXSACff5P
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Appendix A

Peak Current Indicating Circuit

MODUfROU PU_

=0 ra

PRI MA
•".',•• iEi -TEST'

C

R2

T Special pulse current transformer
ýa. Primary = I turn, bifilar for this application
b. Secor:dary= 5 turns -14 rnagret wire
c. Core r Special Ferrite. Ferroxcube #020"3A'50-3C or equivalent

RI =Non-inductive resistor network,
10-240 olm composition resistors in parallel resulting in Z4 ohms
total. Resistors = MS35043-71-RC2OGF241J

D z Ultra-High Conductance Diode, IN3730
C Low irductance capacitor, . 2-5fd Sprague Hypass #48P12 or equivalent
R 2 = Resistor, 1 megohm, 1 watt, MS35044-173-RC32GFIO5J. Note I
M = Indicating meter, 0-50 1a, MR-36W-050-DC-UAR

Note I: Use of a 10 megcohm resistor and a 0-5 Fa meter
will provide reduced inherent error L

PagT a of Type.BL-2,. 9-23-63 -
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A polse current of 10 amperes flowing in Vhe primary circuit ot the
pulse current transformer induces a current of 2 amperes in the
secondary circuit. A pulse voltage of 50 volts appears across redistor
A I- Condenser C is charged to essentially a D. C. voltage of 50 volts
by way of the diode D. The D. C. --altmeter consisting of multiplier
R and micorammeter M indicates this D. C. voltage of 50 voits.
Týis is representative of the 10 peak amperes of primary pulse current.

In practice, the indicated output is slightly less than the theoretical
50 volts, due to transformer losses, diode forward voltage irop a:nd
discharge of the cotidenser C d\:ring the interpulse period. Each instru-
ment should be caliberated periodically to ensure contmaued good

accurLcy. The one turn primary may consist simply of the passage of
the cathode and heater leads, properly insulated for high pulse voltage.
through tho hole in the core Since the pulse current to be mreasured has
a negative polarity, the proper orientation of the primary and secondary

.iiidings, polarity of the diode and of the indicating instrument must be
observed.

J SPECIFICAIION SHELO vowLA -,, rn MC.
TENTATIV 1 - NOWU Iinm l)V.Us CfS-9 Of T ype B L -2 21 9 -ZI-63r

Pa101 9 of 9 -
wJt



....e10 . o a.. n: -• Dimen.;iQn in In?.he-s

plate ' -e .' rA-" :.1a e r 3"* '
in piianto:. Un* 0.750 t.005 Dia

1:" ,P** .•5D0 t.00 Dia

- . , _ .W .• _ _L a .. . . . .. .

-- , 2- '-, " -- -; .
i~~~~~~~~~ In_"""T '•a•,,..etaeXoe-3 t, lgofwae

,4, u!m
I-I

4.00 ±020
~ ~ C ±020

r'a ILLr

la~ "C "T"111cJE .' ~.-~,:.re ote :- AxIs- of wave-

SPECIFIC ATION ;-aieT floxic muBOtI.[ liNt-

:)OnU•,% 'Lyc.,- to ut- !12-2t0-n ±.O1OP
pa i1a' e>to slzmrce-! anid TX

~-4 
_j

I I I Reference

"",,-I ,dl a n e "A "

Figure 1 Plagu 1 of 4
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BEVERLY. MASSACHUSETTS
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;. (Jt- i:- C,1uw',•c" , i•- :-,~ i! L-22 ,,:.l~

Figu re 2
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r---4

ve- , ic

S,•.:'*.*.J'.OC ..

*.O~c r. 0.75',3 ±..5 1 r..
,___ ,.. ,. k,• .'t C '[ T. .. ,,.. ". ... * -II 'I __--

" .-. " 1 r. Inch%:- _0 ._ o2

f,'ed •c r ro ll oai n, " u, .. :

__-_ " L-2_ ;6

Figure 3

SPECIFICATION SHEET-.... _ONA ,,sLABORATORIESoo INC.

BEVERLY. MASSACHUSETTS

Ai -n amr t u tg ------;il

C , ... -. £ ) )A -,..o

1--



KIf

-Ht ter Return Disc

S L" -- -- Return Heater Lead

SRef. Dimension in Inchvs
A Heater - Catliode Cjrn'

3*0. 7 Mini.

D** . 750. 005 Dia. . .
o**_ 0. 4- a. Dia.
S" 0735 0o 0-.O0 -D'.

IjH** 0 3 00Di'.

Kos 0. hS0 *. 005 Dia.
L*s 0. 700 Max. Dia.

hF Heater Return -

_45 Approx.

QPo 0. 1B0 . 020
R0* O. 3602.0 0
Roo 6 i O. 6 -0 Mi' 0,

Used for follovnnrg tubes:-

BL-246 I igare 4

SPECIFICATION SHEET 9904C " AMTW40 t''C.

.-.. Torminal Connection for .. n. L t UASAMU-TS

TENATIVE Heat er - Ca~thode 14 -- O -- 6 jm ..


