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The RK 6517/QK 358 magnetron is a mechanically tun- 
able pulsed type oscillator with a nominal peak power 
output of 1.3 megawatts and capable of rapid hand or 
motor tuning to any desired frequency in the 1250 to 
1350 megacycle region. It is an integral magnet type re- 
quiring forced air cooling and is designed for coupling 
to a standard 3 x 6” wavegquide. 

GENERAL PRECAUTIONS 
Reliable operation and maximum magnetron life can 
be achieved only if the over-all radar transmitter is 

designed with the magnetron characteristics and pecu- 
liarities clearly in mind. This technical data should be 
used as a guide for equipment designers rather than 
the Government technical specification sheet. 

There are many problems peculiar to magnetrons in 

general which must be given special consideration in 
syslem design. These problems are discussed in detail 
on the following pages. If for any reason it is desired 
to operate the RK 6517/QK 358 under conditions other than those recommended in this technical 
data sheet, the manufacturer should be consulted. 

GENERAL CHARACTERISTICS 
ELECTRICAL 
Heater Characteristics 

Heater current preheat . 
Heater voltage i 75 A . 
Minimum preheat time , 
Cold heater resistance . 

Maximum Ratings 

Heater current 
Peak anode voltage 
Peak anode current 
Average power input 
Peak power input . 
VSWR . . 
Frequency pulling al VSWR - ]. 5/1 . 
Pulse duration . . . 
Duty Cycle . 
Voltage pulse rige time . 
Anode temperature 

Bushing temperature 

Output pressurization 

75A 
26 —30V 
10 minutes 
.00752 ohms (approx.) 

S0A 

70Kv 

60 a 

4300 W 

3.5 Mw 

1.5/1 

S Me 

3.3 psec 

0013 

.8 psec 

100°C 

150° C 

43 psia 

The values specified above must not be exceeded under any service condition. The ratings are 
limiting values above which the serviceability on any individual tube may be impaired. It does 
not necessarily follow that combinations of absolute ratings can be attained simultaneously. 
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TYPE RK6517/QK358 
PULSED-TYPE MAGNETRON OSCILLATOR 

Typical Operation 
Heater current-preheat . 754 = 3.5% 
Heater current-operate . 75A = 3.5% 
Pulse duration 3.0 psec 
Duty cycle 0.00125 
Peak anode voltage 54 kv 
Peak ancde current S0a 
Average anode current . 62.5 mAdc 
Peak power output 1.3 Mw 
Average power output . 1630 W 
Useful range of peak current 35— 554 
VSWR LI/1 
Frequency region . 1250 — 1350 Mec 
RF Bandwidth .45 Mc (—6 db level) 

MECHANICAL 

Overall dimensions 222" x12.1” x 18.4" 

Net weight 80 lbs. (approx.) 
Mounting Cathode vertical 
Output coupling Round Flange, 42" diameter 
Cutput pressure 15 psia (normally) 

Cooling . . Forced air 
Cathode bushing . Immersed in oil 

Vibration (non-operating) 25¢cps @ 2.5G 
Magnet protection . . . . . . . . 127 

DETAILED ELECTRICAL INFORMATION 

HEATER oo T et aa 

The cath?de must be preheatfad at 75' amperes EE %%%é 

for a period of at least ten minules prior to the W o4 % 
application of pulse high voltage. Heater current ‘ T 

REGOMMENOED REGION -+ 

surges in excess of 100 amperes cannot be toler- g i Of ST 
ated. Optimum operaticn and maximum tube life § 2 ——— 

will be realized only if provisions are made to hold E 
the specified heater cwrrent within the = 3.5% ' 
tolerance. igg :‘: fifif/fi%g 

Even though operation at heater cwrrents higher L LN % Z 
or lower than specified may not be attended by . U 
immediate malfunctioning of the tube, some de- E fif’///,///"? 
terioration of life and performance is likely to is s %f///’é;} 
result. g %7/47/25 

W77 
Figure 1 shows the influence of heater current o 
variation on various operating parameters for the T 

operating conditions tabulated on the groph. okt | || YRR 
MEATER: CURAE NT =ANPTRLS 
TUBE CMARACTERISTYS 

1282 Sme per30 
Vi i aman 

PULLING FACTON «B.C by 

Operation at preheat or standby without forced 
air cooling may damage the tube and cannot be 

tolerated. ne.+ 
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PULSED-TYPE MAGNETRON OSCILLATOR 
@TYPE RK6517/QK358 

STARTING NEW MAGNETRON 
New magnetrons, or those which have not been 

operated for some time, may centain small quan- 
tities of gas. The presence of this gas may give 
rise lo arcing when initially running the tube up 
to its rated current. If the arcing is sporadic with 

arc bursts of less than 1 or 2 seconds duration, 
the tube may be run up to rated current without 

hesitation. If, however, the arcing is severe; i.e., 

with arc bursts of about 5 seconds duration occur- 
ring frequently, it is essential that the following 
aging or gas clean-up procedure be employed: 

1. Raise the average current level to a value just 
below that which produces sustained arcing. 
Allow the magnetron current to remain at this 
level until the arcing begins to decrease. 

2. Repeat the above step tor succeedingly higher 
levels of magnetron current until the desired 
operaling point is reached. 

NOTE: I difficulty is encountered in achieving 
stable operation at rated current, i is rec- 

ommended that the tube be operated 2 or 
3 mAdc above the rated current tor a pe- 
ried of about 10 minutes. Stable operation 
will usually be attained in 5 to 15 minutes, 
although a considerably longer aging time 
may be required depending on the tube's 
condition and the skill of the operator. 

NOTE: In equipments employing a reverse cur- 

rent and high voltage run down circuit, 
provisions must be made to allow desensi- 
tization of the device during the aging 
pracess. The runback circuit must be in- 
sensitive to arc bursts up to 5 seconds du- 
ration during aging, and insensitive to arc 

bursts up to 1 second duration after aging. 

PULSE LENGTH AND DUTY CYCLE 
The RK 6517/QK 358 magnetron has been de- 

signed and tested for operation at the following 
pulse conditions: {See figure 2) 

ipc = 3.0 usec (measured at 50%) 

tre = 0.25 usec (measured 20 to B5%) 

tfc —= 1.5 usec (measured 0 to 85%) 

trv = 0.70 usec (measured 20 to 85%) 

ttv = 3.0 vsec (measured 0 to 85%) 

CURRENT PULSE 
ToP 

e of O\ Dy = = e = SMOOTH PEAK LIDOX) 
85% B5% 

50% TPC 0% 
CURRENT RISE CURRENT FALL 

20% 

o% 

TRC -’JTFC 

YOLTAGE PuLSE 

B o SMOOTH PEAK, 
FLAT TOP (100%) 

B5% oY —~ 85 % 

VOLTAGE FISE VOLYAGE FaLL 

20% 

o% --\— - -~ = - 
INVERSE 

ZERO REFERENCE 
TRV}t TFy— LINE 

No spike or ripple should exceed =* §% of the 
average peak value of voltage or current, Inverse 
voliage should not exceed 12% of the forward 
voltage. Post voltages should be held to a mini- 
mum as they may coause post-pulse noise or 
oscillation. 

1f operation at pulse conditions different from 
those given ocbove is anticipated, the manufac- 
turer should be consulted for further information. 

COptimum tube performance will be realized only 
if proper consideration is given to pulse shaping. 

Voltage rise times less than 0.6 usec will result in 

moding and/or arcing and cannot be tolerated. 

Excessive ripple on the top of the current pulse 
causes frequency pushing and broadening of the 

spectrum. Most magnetrons drow a small amount 
of leakage or diode current at anode voltages as 

low as 100 volts. This leakage current may 
amount to several milliamperes if the voltage fall 
lime is greater than specified. and at a given duty 
cycle the calculated peck current will be in error. 
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TYPE RK6517/QK358 @ 
PULSED-TYPE MAGNETRON OSCILLATOR 

It is therefore advisable that the equipment de- frequency. Operation of the oscillator under these 
sign effect as rapid o decay time as possible. In- conditions gives rise to phenomena collectively 

verse and post-pulse vollages may result in unde- termed "long line effects”. Although these phe- 

sirable noise radiation and sheould be damped. nomena are usually associated with electrically 
Judicious matching of the pulse forming network long transmission lines, they can also be exhibited 
and the pulse transformer will, in most cases, re- by a short line terminated by a sufficiently mis. 
duce post and inverse voltage amplitudes suffi- maiched impedance. In any case, the extent to 
ciently to eliminate noise difficulties. For short which the long line effect is exhibited depends on 

range radar applications where noise due to in- the amount of coupling between the load and the 

verse and post vollages is mos! troublesome, it is oscillator, as well as the degree of mismatch. 
recommended that a diode clipper be placed 

: Figure 3 shows the relation belween the VSWH 
across the primary of the pulse transformer. 

and the line length with respect to the critical 
Optimum pulse shaping can best be achieved by condition at which frequency skipping will occur. 

treating the magnetron, pulse iransformer and The frequency skips will be noticed as the tube 
pulse line as a unit; hand tailering the line and is mechanically tuned. It may also prove trouble- 
transformer for magnetron compatibility is rec- some as the frequency changes due to thermal 
ommended. drift with breaks appearing in the ordinarily 

smooth drift curve. Even more serious conse- 

quences of "long line effect” may be the broaden- 
ing deterioration of spectra. In some cases spectra 

of two frequencies may appear simultaneously. 

LOAD AND LINE LENGTH Operation into loads specified in the recom- 
CONSIDERATIONS mended region of figure 3 should eliminate the 

above difficulties, although the VSWR of the load 
should be kept as low as possible if minimum 
bandwidth is important. 

If operation at both long and short pulses is antic- 
ipated. the pulse transformer should be designed 
to optimize the more important pulse. 

It an oscillator is loaded by an electrically long 
iransmission line which is terminated by an im- 
pedance differing from that of the line. the imped- 
ance of the load will be a periodic functien of More detailed information on “long line effects” 

is available upon request, 

RK-63I7/QK 3% 

LOAD AND LINE LENGTH 
CONSIOERATIONS 

l 

[ 2 - ] ] © B . & @ 22 
LINE LENGTH - METERS 

FiG.3 
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PULSED-TYPE MAGNETRON OSCILLATOR 
uaTTiEDe PE RK6517/QK358 

o 

Printed in 

U.S.A. 

LOAD DIAGRAMS 

Figures 4, 5, and 6 are load diagrams of a typical 
RK 6517/QK 358 operating at frequencies of 1250, 

1300, and 1350 megacycles. The contours of con- 
stant power outpu! and frequency change are 
related to the vollage standing wave ratios intro- 
duced by mismatched loads at various phase 
positions. Values of VSWRs as high as 3.0/1 are 
plotted but operation at ratios greater than 1.5/1 
is not recommended. 

RKE3I7/ QX538 RIEKE DLAGRAM 
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TYPE RK6517/QK358 
PULSED-TYPE MAGNETRON OSCILLATOR 

FREQUENCY CHARACTERISTICS 

The manner in which anode voltage and power 
output vary with frequency is revealed in Fig- 
ure 7. 

RX B3I7/0% 358 FREQUENCY CHARACTERSTHS 
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FREQUENCY DRIFT 

After operation of the RK 8517 /QK 358 is initiated, 

its temperature rises with time until thermal equi- 
librium is reached. During this transient period 
the geomelry of the tube changes slightly and is 
attended by a slight frequency change or drift. 

Frequency drift is plotted as a function of time in 
Figure 8. If the tube temperature is changed after 
thermal equilibrium has been established, the 

RK-6517/QK358 FREQUENCY DRIFT CHARACTERISTICS 
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operating frequency will also change until ther- 
mal equilibrium is again attained and tube geom- 
etry stabilizes. Because of cavity dimensions and 
the mass of metal involved in a magnetron at 

these low frequencies, thermal equilibrium from 
a cold start will naturally lake considerable time. 

OPERATING CHARACTERISTICS 

Figure 9 is a plot of efficiency, arc stability, band- 
width, anode voltage, and peak power output as a 
function of peak anode current. 

RK-6517/QK358 

PERFORMANGE - PLATE CURRENT VARIATION 
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YPE RK6517/QK358 
PULSED-TYPE MAGNETRON OSCILLATOR 

RF RADIATION FROM CATHODE 

The RK 6517/QK 358 magnetron is designed to 

minimize radiation from the cathode bushing 
which will in general be negligible. It is not pos- 
sible, however, to guarantee it as being negli- 
gible; in particuarly critical environments, shield- 
ing of the cathode bushing may be necessary to 
avoid radiation difficulties. 

INSTALLATION & HANDLING 
PRECAUTIONS 

Although magnetrons give the appearance of 
great structural strength, they are in reality quite 
fragile and may be easily damaged during han- 
dling or installation. Damage to the magnetron 
will be avoided if the following installation and 
handling precautions are carefully observed. 

1. Leave the magnetron in its shipping crate 
until it is ready to be used. 

2. Remove the neoprene guard covers from the 

RF output window and cathode bushing just 
before installing the tube in the equipment. 

3. Avoid setting up mechanical strains in the 

output window or cathode bushing when 
handling or mounting, 

4. Avoid unnecessary jarring or rough han- 
dling. 

5. Do not let the magnetron rest on any of its 
parts normally protected by the shipping 
crate. 

6. If the magnetron has been stored in a freez- 
ing environment, examine it closely for traces 
of frost or moisture on the RF window or 
cathode bushing and wipe them dry before 
application of high voltage. 

7. Do not place the tube in closer proximity to 
magnetic materials than  indicated on the 
tube magnet. 

i) 

FOUNDRY AVE.. WALTHAM 54, MASS. 

MOUNTING 

The tube is mounted within the equipment by 
four bolts passed through the clearance holes of 
the mounting brackets. The tube must be mounted 
with the longitudinal axis of the high voltage 
cathode bushing vertical. The tube should be op- 
erated in this position although small angular 
deviations (* 15°) can be tolerated for short in- 
tervals as long as the mean position of the above 
axis remains vertical during the period of opera- 
flon. If the mean position differs from that de- 
scribed, the heater may become short circuited. 

ELECTRICAL CONNECTIONS 

Electrical connections are made to the frame of 
the tube and to the two terminals on the high volt- 
age cathode bushing, The positive high voltage 
should be grounded at the mounting surfaces. 
Heater and cathode connections are made to the 
terminals on the cathode bushing. Heater con- 
nectors should be designed to minimize contact 
resistance and lateral forces on the heater ter- 
minals. Drawings of suitable heater-cathode con- 
necting devices are agvailable on request. 

COUPLING AND PRESSURIZATION 

The magnetron output flange is designed to couple 

to standard 3 x 68” waveguide. Mechanical de- 

tails of the recommended flarige to mate 1o the 
magnetron are illustrated in the outline drawing. 

See figure 12 

Waveguide pressurization is not required at alti- 

tudes up to 10,000 feet. If sustained arcing in the 
waveguide occurs, failure of the output window 
may result. To minimize the possibility of the 
tube arcing in the guide and to achieve optimum 
fube performance, the VSWR of the wavegquide 
system should be kept as low as possible; VSWR 
values greater than 1.5/1 are not recommended. 

MICROWAVE AND POWER TUBE DIVISION 
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TYPE RK6517/QK358 @ 
PULSED-TYPE MAGNETRON OSCILLATOR 

COOLING 

The RK 6517/QK 358 magnetron is a forced air 
cooled tube. The ambient temperature will dictate 
the flow rate necessary to maintain anode tem- 
perature below the specified maximum (100° C). 
Figure 10 is a plot of ancde temperature rise above 
ambient as a function of cooling fin air flow and 
anode power dissipation. It is also a plot of back 
pressure as a function of rate of air flow. (c.f.m.) 

Sufficient cooling of the cathode insulating oil 
must be provided to maintain the cathode bushing 
temperature below the maximum specified 150° C. 
If the insulating oil used has insulating properties 
which deteriorate above the normal operating 

temperatures, it is, of course, necessary to main- 

tain the oil temperature at a value below the de- 
terioration level. 
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CATHODE BUSHING PROTECTION 

It is recommended that the RK 6517/QK 358 ce- 

ramic cathode bushing be immersed in a fluid in- 
sulating medium of “Univolt 35" transformer oil 
or equivalent. A minimum distance of 1%2" must 
be maintained through the ¢il from high voltage 
lo ground with design considerations {o avoid 

sharp edged objects in the vicinity of the ceramic 
cathode bushing. 

In cuses where it is necessury to mount the RK 
6517/QK 358 magnetron such that the ceramic 

cathode bushing is situated vertically downward, 
exireme care should be exercised to remove all 

entrained air from the magnetron oil flange area. 

Any air trapped beneath this oil flange can im- 
pose a dangerous possibility of high veoliuge 
breakdown in oil resulting in ultimate puncture of 
the ceramic cathode bushing. 

DYNAMIC PUSHING 
Dynamic pushing is the change in frequency with 
a given change of anode peak current. With a 
peck cwrrent variation between 45 amperes and 
55 amperes, RK6517/QK358 pushing has been 

found to be less than 26 KC/ampere. 

TUNER CHARACTERISTICS 
Approximately 34 turns of the tuner spline at an 

applied torque of 70 inch-ou:ices are required to 

tune the tube through its frequency range. 

RY EITOK XA 
TYRPICAL TUNIA CHARACTERISTICS 
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