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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 {uning to any desired frequency in the 1250 to
1350 megacycle region. It is an integral magnet type re-
guiring forced air cooling and is designed for coupling
to a standard 3 x 6” waveguide.

GENERAL PRECAUTIONS

Reliable operation and maximum magnetron life can
be uchieved only if the over-all radar transmitter is
designed with the magnelron characteristics and pecu-
larities 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 ust 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
Meater 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

45 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 sxmultaneously
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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 1.1/1
Frequency region . 1250 — 1350 Me
RF Bandwidth 0.45 Mc (—6 db level)
MECHANICAL
Overall dimensions 222" x12.1""x 18.4"
Net weight 80 lbs. (approx.)
Mounting Cathode vertical
Qutput coupling Round Flange, 42" diameter
Output 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

FUEQUENCY - 300N

The cath?de must be Preheatfad at 75' amperes EE %%%é %%%%
for a period of at least ten minules prior to the W % GHUYL Y,
application of pulse high voltage. Heater current .
surges in excess of 100 amperes cannot be toler- g
ated. Optimum operation and maximum tube life g °
will be realized only if provisions are made 1o hold E
the specified heater current within the = 3.5% '
tolerance. igg f/j%%g
Even though operation at heater currents higher e /.' %
or lower than specified may not be attended by a 0
immediate malfunctioning of the tube, some de- gs ’///;7/:?
R . . » . b i 44
i:x::lr:non of life and performance is likely to i ://////:////;/5%
F 1 sh he indl f heat t Pl
igure 1 shows the influence of heater cwrren 0 S—
variation on various operating parameters for the :g s ,/4,//%?, 4
operaling conditions tabulated on the graph. obddzgzad | L L 1 L L %

MEATER: CURAENT =iNACRES
TUBE CMARACTERISTSS
1psr30

Operation at preheat or standby without forced
air cooling may damage the tube and cannot be
tolerated. ro. 1

b 82 Sme
VIR LI /I{WAK) v
PULLING PACTON«B.C Wy

MICROWAVE AND POWER TUBE DIVISION
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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 contain 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. it 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)

tpc = 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\ g = = e = SMOOTH PEAK LIDOX)
85% B5%
0% TPC 0%
CURRENT RISE CURRENT FALL
20%
o%
TRC -’JTFC
YOLTAGE PuLSE
] o SMOOTH PEAK,
FLAT TOP (100X}
B5% ey —~ 85 %
VOLTAGE FISE VOLYAGE FaLL
20%
o% -=\— - — =~ = -
INVERSE
ZERO REFERENCE
TRV}ee- TFy— LINE

No spike or ripple should exceed =* 5% 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.

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

Optimum 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.

Printad In MICROWAVE AND POWER TUBE DIVISION
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TYPE RK6517/QK358 @

PULSED-TYPE MAGNETRON OSCILLATOR
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It is therefore advisable that the equipment de-
sign eftect as rapid a decay time as possible. In-
verse and post-pulse vollages may result in unde-
sirable noise radiation and should be damped.
Judicious matching of the pulse forming network
and the pulse transformer will, in most cases, re-
duce post and inverse voltage amplitudes suffi-
ciently to eliminate noise difficulties. For short
range radar applications where noise due to in-
verse and post vollages is most troublesome, it is
recommended that a diode clipper be placed
across the primary of the pulse transformer.

Optimum pulse shaping can best be achieved by
ireating the magnetron. pulse transformer and
pulse line as a unit; hand tailering the line and
transtormer for magnetron compatibility is rec-
ommended.

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

LOAD AND LINE LENGTH
CONSIDERATIONS

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 function of

frequency. Operation of the oscillator under these
conditions gives rise to phenomena collectively
termed "long line effects”. Although these phe-
nomena are usually associated with electrically
long transmission lines, they can alsc be exhibited
by a short line terminated by a sufficiently mis.
maiched impedance. In any case, the extent to
which the long line effect is exhibited depends on
the amount of coupling between the load and the
oscillator, as well as the degree of mismatch.

Figure 3 shows the relation between the VSWH
and the line length with respect to the critical
condition at which frequency skipping will occur.
The frequency skips will be noticed as the tube
is mechanically tuned. It may also prove trouble-
some as the frequency changes due to thermal
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 simultanecusly.
Operation into loads specified in the recom-
mended region of figure 3 should eliminate the
above difficulties, although the VSWR of the load
should be kept as low os possible if minimum
bandwidth is important.

More detailed information on "long line effects”
is available upon request.

RK-6317/QK3%8
LOAD AND LINE LENGTH
CONSIDERATIONS

l

R W 6 @ 2

LINE LENGTH - METERS
FiGg.3
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PULSED-TYPE MAGNETRON OSCILLATOR
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PE RK6517/QK358

o
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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 voliage 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.
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TYPE RK6517/QK358

PULSED-TYPE MAGNETRON OSCILLATOR

r

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 CHARAGCTERSTICS
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FREQUENCY DRIFT

After operation of the RK 6517 /QK 358 is initiated,
its temperature rises with time until thermal equi-
librium is reached. During this transient period
the geometry 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 take 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
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YPE RK6517/QK358

PULSED-TYPE MAGNETRON OSCILLATOR

RF RADIATION FROM CATHODE

The RK 86517/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.

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-
fion. 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 forcés 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 6 waveguide. Mechanical de-
tails of the recommended flange 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
tube performance, the VSWR of the wavequide
system should be kept as low as possibile; VSWR
values greater than 1.5/1 are not recommended.

MICROWAVE AND POWER TUBE DIVISION

¥

o

Page 7 of 10



TYPE RK6517/QK358 @
PULSED-TYPE MAGNETRON OSCILLATOR

COOLING

The RK6517/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 oil 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
peak 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.

Y G TOK XA
TYPICAL TUNIA CHARACTEMISTICS

FREQUEMNCY MEGALTLLES

9 B 4 8 4 19 a3 s & o B KR I¢ ES K8 X 3 e
TUNER TURNS
[ NI
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PE RK6517/QK358

PULSED-TYPE MAGNETRON OSCILLATOR

LR Y SINV
37HIBIIIY 0L 1IIISIY HItM I0NvTY
HIT 40 NOUTIOY ONIMOMS mIA iywy LMD

e el . .xd],|@[’
- 9.9 2i

G4 b

!

061 £ _ e
i c22% Tvm
xem — otT ¢
o:.uﬂik* - =
}
ay N 7 -
185 £ NN (SFI0H b) 1-9N 02 - b/| —> g
g W

- Gige” Dl@ <2
op @qﬂ TR
— nr 4

?u%:
i _r

. :
. xem . .Ww OLQ-emyfmm =

TS T
&

29|
- ﬁ . 3NEIS 3RIeaT0
v

L8. INWTd FININIAIN

101D M1 0 Y ML ONY DRIUEAD FOOHI¥S JML 20 HAINDED THI HONOWAL

FOMINR T S0M ONY Twamal, POOHIY) ]
MM LSO I RZB0 Hie 1 SZ6 U0 0821 A90¥D Ny NILIMFD 2TENCT ¥
20 mmLa WM W03 01 SIXAE BERG W

e ¥
FIMEI T WAONe G1 SFINT I TMITEH UG R ANT0 D BuwOr ¥ RWE YT K

MOLLTIRNOD whivDe BI
NOIINNOS DO0HLYD NYRmOD 1)
Junivadind; 9wl D)
TeAlvademli WORY 1l
LCUILET =T TR T B
e wysy $571
10 OL 10N YR MOCTI a0 BOYT WIS BI)e Q¥ BUML 67 1DV LERR) T -0 &

v
ENOLY I AW B

dnyYy momusm wos 3 w0 wim 0CTC OU SR 4

FELTRTER ON
40 wi{k]d Jui A0 OPumeildA £9 INGINO 40 Ietwlzwd: OL Sulddv B
2 10 NOUEICT INwi AONS LwwA avm IMOHILND) GiMg w0 S1wve €
WOIIFIATO TYWDIYT f¥ 111a Sy weINONY SIONTIME

NMOMS §Y < r EGE D WILEDD  Im| RDNGER) DNIES R
BARARS LA IS} a1 wrNNGaldadd 313 Deve DDalaiie

LT =Jewd M L0 0 LRER TR Y
DRISET. v, juwle TINE Gi WEINJON keld L B Jwl Pwlelale L
4E402WnR ONGNAOM 1D DrieMt Caesiniy W) SHT v Iwvia Dowdudsm )
S31ION

ot
4 Y St () Lt FIIT) S

_3.3NYAd 3oWIwdaaN

L3, WYY PNINIIIN

B8GEMD / 21GOMH
38N1L NOY19313
ONIMYHA 3NITTLNO

15}

(3.

~

R e LELELE D)

St

MICROWAVE AND POWER TUBE DIVISION

1

NY:

3

~%

<«
o
=
0
e
Z.
0
ul
I
.
>
<.
o

Page 9 of 10

FOUNDRY AVE., WALTHAM 54, MASS.

12.56



R

2ONYTS ONFIEN0D 1200 HIY

R
)

23

‘w22L SHY # LMU4 0D IINVINdSY UINYW WOEd 3dvivav QOSEZINV  ONIY O, °

¥1 ANITVIANDI HO
‘N b:zm.rJOmHm.»mI._._ivaummnwﬁ._.wda.U—~_.8Fu3numnzoe¢¢4!oZ..EDounZda".

30YW 38 ISNW SHOISIAONd JONYTY HIOAH3ISAE "0 20 3NVId ONV S13INOVHE ONILAOW 40
ANV N33ML38 SNOLLVIHVA TYNDISNIWID 31vQOWN03Jv Ol CICNIAWOI3N S SMONT36 40 35D

.
g

.

'NMOG STYNING3L JOOHLIVD HUM EINIWNINOI NN NOLYTWLSN! HO3 Q3NOIS30G S1 ONIINNOW

3ANL AINO SISOJENd 1534 HO4 St 3WIHW NMOHS SY SIVNIRYIL 3COHIVD HUM NOUYTIVISM

‘63T0H 40 SANITHILNID NIIMLIID JINVLSH) Y04 NMOBS SLINIT 3AISLNO 0203

e JUIVIAZO 'NYD SMIHIS ONINTESYS 4O SINMNYILINAD NIAIM1ZA IINVLISID LvHL HINS 38 LSNW
o2 SMIBIS ONINILSW 30 WOQIIYS ANV SITOH 40 3215 ‘MIYUIS t) ¥OJ IDNYYUITD 'STOH &

200

40

& STYNIWEIL 300HLYD HONDMHL WO N! 3IJN00HLNI LY3IH BNLWISSK 803
100

0

* AINFNOIMA SISVIUONI INMES HINNL 40 NOUVLIOM ISIMMOCTD HILNNOD

5
\Cg
SEI'E SEIE
—— <
SPlI'e MWm.n ¢ Lorg
9t Lrak
M0 ¥
8557 350%

ad

FONYS BIOABISIY 9i0

PULSED-TYPE MAGNETRON OSCILLATOR

Qbb't
Yid OIS’y
000',
y (33
Ty
Vi 600 € : 61
086 g
T w wmv.nll._* *
TG -
. ez
4 agef | i zce

SEIE

o9 _
v COZE

SLIEC :
cB9¢

ASNYIS ANITENGY JAINOIAVM

©
[Te)
™
-4
o
~
N
)
0
¥
ac
Al
m

STIVL3A NOWV TIVASNI J39N1 NOHY1O3 14
8GE MO/ LIG9MH

‘AONVId  ONEHSNE 39Y00A HOH
HO JONVTS LNdAND ' SLICWHE ONLLKNOM HHAOYHL GAANNOKD OHINCHOHL 38 1SNAH 300NV
INPI00Y 40 AONVLLIRAY HOd
QI0IACHA NOILIZS S50HD IHILNI 0L HIV 40 AHIAMIAA 3MNSNI OL S¥ MONS 38 LSNW
WILSAS ONFMOOD 3IENL O1 HIW DKIAGANS MO4 MHOM 1200 ‘IONVIS (3TN ONIOOD 300NV
CONNENDD LONA div
AINSUW 3@nL MOBJ , 21 NYHL ¥3SOT) IWIL ANY v (Q3L2WY3d 36 1ON LSNW
SIINOYM Q3ZISHIN3 € 38 .AVW 3INIYYIT) 3ML 3IHIHM SAN3 IHL IV Ld3OXT LINOVA WOHA
«B NYHL H3ISOI2 3INIL ANV IV JILLNEAD 38 LON LSAW “STVIHILYA JIL3INOVWOUH3AI "LINOVA
(‘02 o 9,1$ 0SS3) S£ 10ANN OL
ANTTVAINOD3 LSYI] AV SIILHIdQHA ONLIVINSNI ONIATH QI HUM O3TUS 38 0L 3IvdS SIKL

‘SIH SIM3WY OC1 LSY30 LAY ANYYD QL HONONI 398YT 38 LSNW SHOLIGNNOD TYNINHIL HALVYSH

3UNSSIHd MYIHJSOWLY LY HIY HONOYHL 00001 4NV D, S3L0N M QALDIS SV WREIN ONLY
=INSNI NS HONOHWL 00T 38 GNOHS ONAOHD 0L IDOVOI0A HOIH WOHS ADNVISIO WRKINIW

(SILON

S 3ALON 3335
INfIL
r J\\uz_l_mm 3

¥ ILON 335
JO0BE2), NY

ONIY 0,
Farge
GINDIAYM

0 3LON 33%
A3INIVAN DNITLNOD IVINTIAVM
L3iSVD
HIgEny oML §

/

/ Arv) 30 338 - I9NVIS

3 3oON ¥ .‘B

=
UvL3I0 33S ra uwu
o

r 3AQNIZATM
40
SIXY ONOT

YNIMLROD
19Ng uiv

£ 3toN 338
SOO8C21 NY, DNIE O] OKINEN0D ONYE A
Tiwi3¢ 335

JFONVd HIOAYISIN O

4 310N T35
ANIHSNG FOVLIOA HOMM Q30NN0HD

v 3108 335 ]

IOVI0OA HOIM g 510N 335

HIOAHIS3Y IO NOILIINNDD TWNWHIAL

J 310N 335
W03 ONLLY NS

12-56

x

-

w

u

[}

a o

MICROWAVE AND POWER TUBE DIVISION
RAYTREON COMPANY
FOUNDRY AVE.. WALTHAM 54, MASS.
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