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1. General description

This waveguide signal distributor is designed for use as part
of a VLA ( Very Large Array ) radio telescope s¥stem. This is
used in conjunction with TEp1 mode circular waveguide to form a
signal transmission system for a radio astronomy receiving array.
This is a passive, reciprocal, 12-port millimeter-wave network
which functigons to frequency multiplex a 26 - 52 GHz input into
11 channels defined in Table 1.

As shown in Fig. 1 and 2, the waveguide signal distributor
system is composed of three sets of units, each of the sets béing
made up of Model R9819, which is a low-range section ( 1 to 6 ch.
for 26 to 40 GHz ), and Model F9819, which is a high-range section
(-7 to 11 ch. for 42 to 52 GHz ), shown in Fig. 3 and 4. As shown
in Fig. 5, the waveguide signal distributor is formed ofione semi-
circular band diplexer, nine rectangular band diplexers, one cir-
cular to semicircular mode transition and two semicircular to
rectangular mode transitions.

The wveguide signal distributor has the following features.
(1) Interior surfaces of the waveguide system is silver plated

to reduce loss and resist corrosion.
(2) The waveguide signal distributon ig airtight so that it may
be pressurized with dry nitrogen at an internal pressure of

0.4 kg/cm®.

Windows are provided at the output end of each channel of

the rectangular waveguide,
(3) Signal distribution is effected with band diplexers using
a cut-off filter to attain flat freqdency characteristic

in the band.
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Note: The Nippon Telegraph and Telephone Public Corporation

has the following patents related to the above semi-
circular band diplexer.and rectangular band diplexers,
and Hitachi Electronics is under a licensing agreement
covering these patents with the Nippon Telegraph and
Telephone Public Corporation.

Japanese Patent No. 549322
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" No. 610889
" No. 653964
" No. 696073
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Table 1. Channel
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Center frequency

(GHz)
27.912
30.288
32.712
35.088
37.512
39.888
42.312
44.688
47.112
49.488

51.912

1. Outview of the waveguide signal distributors.
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Fig.2. Outview of the waveguide signal distributor.
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Fig. 3. Outview of the Model R98I19«

62 56 9

Fig. U. Outview of the Model F9819.
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CHANNEL NO..

M-2
20mm DIA
WAVEGUIDE
S M-1 A
PORT O
M-3

Cc-1 J'——‘—"

-

N

Lot

[
c-)3 I———B
L

Cc-h

M-1 CIRCULAR TO SEMICIRCULAR MODE TRANSITION
M-2,3 SEMICIRCULAR TO RECTANGULAR MODE TRANSITIONS

A SEMICIRCULAR BAND DIPLEXER
B-1,2
C-1,2,3,4 RECTANGULAR BAND DIPLEXERS

D-1,2,3

Fig. 5. Block diagram of the signal distributor.
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2. Construction

2.1 Major component parts
This waveguide signal distributor uses a combination of
Model R9819 and F9819 because of transportation and packing
restrictions. The components of the waveguide signal distrib-
utor are band diplexers, mode transitions and connection
waveguides which are formed of the major parts shown in

Table 2.

2.2 Construction table

Details of the waveguide signal distributor are shown

in Table 3.

2.3 List of accessories
A list of accessories used for the assembling and main-

tenance of the waveguide signal distributor are provided

in Table 4.
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Table 2. Major component parts.
. - B
Item Major parts Reference i Drawing No.
designation |
U OO SN SRRSO SRR o
Semicircular band diplexer A i 6323918
Rectangular band diplexer B-1 : 6323919
" B-2 L 6323920
Band " c-1 6323921
diplexer B S P
" c-2 ;6323922
i " c-3 ;6333923
" ! Cc-4 i 6323924
e + ;
" D-1 P 6323925
" i D-2 ' 6323926
" [ D=3 . 6323927
Circular to semicircular : M-1
mode transition i
Mode T T 1
transition Semicircular to rectangular M—2
mode transition j = :
..... - :
" M-3 H
Port O waveguide i - 6323916
Flexible waveguide ; - :
Connection - :
waveguide Window ! - .
Rectangular port flange ! -
e e s e s - - | ~
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Table 3. Construction table,

No. Nescription

Quant

1ty Referencoe
designation

Hoemarks

I Semicircular band diplexer 3 A
2 Circula r Fo semicircular mode M-
transition
3 Semici r(-'u l ar to rectangular mode 3 -
transition
y " 3 M-3
5 Retangular band diplexer 3 B-1
" 3 $3-2

7 " 3 C-1

8 " 3 c-2

9 " 3 C-3
10 " 3 C-4
11 " 3 D-1
12 " 3 D-2
13 " 3 b-3
i Port O waveguide 3 20mmdia.
15 Flexible waveguide 3 20mmdia.
16 Tapcred transition 3 20mm -18mmdia.
17 Port flange 18 UG-599/1!
18 " 15 LG-383/U
19  Window 18 Wit-28
20 " 15 WR-19
21 Straight rectangular waveguide 3 D2-5 1 =70mm
an " 3 c2-n2 1 =69.6mm
23 " 3 C2-4 1 =70mm
2h " 3 B1-C2 1 =329mm
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No. Description Quantity Refcrence Remarks
designation

33 Straight rectangular waveguide 3 B1-C2 1 = 100mm

20 " 3 B1-C1 12100.6mm
27 " 3 ci-1 1=340.8mm
28 " 3 3-8 1=70mm

29 " 3 Cc3-D3 1=189.6mm
30 " 3 Cc3-7 1 =70mm

31 " 3 B2-C3 {=139.6mm
32 " 3 Ch-10 1 =70mm

33 " 3 Ch-11 1 =70min

34 Bended rectangular waveguide 3 D2-6 94 . 6x 100mm
35 " 3 Ci-1 30x 134 . frmm
36 " 3 Ci-1 34 . Bx Omm
37 " 3 Cl-bi 30% 134 . lhmm
38 " 3 D1-3 34 . Bx4Omm
39 " 3 b1-2 34 . Bx4O0mm
Lo " 3 M2-B1 26x%30mm

L " 3 M2-B1 32.6x100mm
42 " 3 M2-B1 40.6x200mm
43 " 3 M3-B2 40.6x60mm.
Ity " 3 M3-B2 30x45. 1mm
45 n 3 M3-B2 30x30mm

L6 " 3 n3-9 100x214 . 6mm
L7 " 3 Ch-11 30x214.6mm
48 Model RYB19 rack 3

49 Model F9819 rack 3

KOGANE! BRANCH OWO. NO.

810841
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No.
t
1-1
1-2
1-3
1-4
1-5
2
3
4
h-1
L-2
L3
Ll
4-5
5
5-1
5-2
6-1
6-2
7
8
9
10
11

lable Ao List of
Description

Tools

Decp socket (M8)

Box driver (M8)

Open ended spanner (M3 ,MA)

Screw driver (M3)
" (Mll)

O-ring (P-29)

Guidce pin (2.6di')‘('20mm)
Bolts

" (MBx20mm)

" (M4x10mm)

" {(M3%x20mm)

" (M3%x16mm)

" (M3 xtOmm)

washoers
" (M8)
1" (M3)

Spring washers

" (M8)
" (M3)
Nuts (M8)

Port fiange, UG=-599/U
" , 'G=383/U
wh-28

Window.

" . WRk-19

Quantity

. ~
ACCeSsSsOorles.

20

30

100

60

60

160

30

210

30

D

Remarks

use to join racks together

use to fix or remove the bolts

fix to the flanges of racks
junctions and port O waveguides

use to fix port O waveguides

for racks
for covers

for waveguide flauges

for maintcnance
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3. Specifications

3.1 Transmission and return loss specification
The 12-port reciprocal network is specified by the 78

scattering matrix coefficients given in Table 5.

3.2 Port flanges and modes

The port flanges and modes are shown in Table 6.

3.3 Mechanical configuration
The mechanical configuration and the locations of all
ports in the signal distributor are shown in Drawing No.
6323965.
The waveguide signal”distributor is divided into two

parts.in separate casings.

3.4 Pressurization
The unit can be pressurized with dry nitrogen at a
pressure of 0.4 kg/cnf and has a leak rate of less than
162cm3/min.. The unit includes windows at the rectangular
waveguide ports, but no window is provided at the circular

input port.

3.5 Environment
Temperature of laboratory cnvironment: 19 to 25 °C
(67 to 77 °F)
3.6 Surface finish
The inner surface of the waveguide signal distributor is
plated with silver to resist corrosion. Its outer surface
is painted "neutral gray" (Mansel Synbol 4.3Y 6.3/0.9).

The casings are painted "silk white™ (Mansel Synbol 6Y 8.0/0.9).
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Table 5.

Transmission and return losd specification.

i,j=1 thru 11

Scattering Name Specified loss Applicable
coefficient* (dB) frequency
band
Soo Input return loss Min. 18 All channels
Sio Channel i loss Max. 5** Channel i
i=1 thru 11 Wrong channel loss | Min. 18 All channels
except i, |
Sii Channel i Min. 18
i=3 thru 11 return loss Channel i
Sij Channel isolation Min. {8

All channels

* Note: Sij=Sji, Port O is input port.

** Note: The variation in insertion loss must be less than +1dB

over the channel frequency range, +0.25dB over any 50MHz

band, and +0.10dB over any 10MHz band.

Table 6. Port flanges and modes.

. 16176

-15

Port (channel)] Waveguide mode Waveguide Flange
number SR

0 Circular TEo1 Diameter Drawing No.
20mm® 6323916

1 to 6 Rectangular TElo WR-28 UG-599/U

7 to 11 Rectangular TElo WR-49 UG-383/U

L ‘ modified
TLE KOGANE! GRANCH OWG. NO.
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3.7 weight
A wveight ot the waveguide signal distributor is about

2350 Kkqg.

Pescription

The waveguide signal distributor is designed to distribute
signals with frequencies of 20 to 52 GHz to the 11 channels
shown in Table 1.
It is composed of a semicircular band diplexer, rectangular
band diplexers, a circular to semicircular mode transition and
semicircular to rectangutar mode transitions.

The parts of these sections will be described below.

L.i Semicircular band diplexer

The semicircular band diplexer is composed of two hybrid
clements and a cut-off filter. [ts construction is shown
in Fig. 6, and its outview is shown in Fig. 7. Each hybrid
clement is formed of two semicircular waveguides with
coupling holes in the common wall,
The cut-off filter is made up of semicircular waveguides
with a smallcer diameter.

Among the signals coming in through Port 1, those with
a f{requency (fL) lower than the cut-off frequency deter-
mined by the diameter of the cut-off filter are led to
Port 2, and thosc with a frequency (f}y) higher than
the cut-off frequency are led to Port 4.

The scemicircular band diplexer covers a uniquely wide
band as a diplexer of this type. It divides signals with

frequencies of 26 to 52 GHz  into two groups for

Ii :6 :’Zé TITLE KOGANE! BRANGH DWG. NO.
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the waveguide signal distributor,
rawing No. 6323918 provides an outline drawing of the

semicircutar diplexer.

.2 Rectangular band diplexer

The rectangular band diplexer is composed of two hybrid
clements ang a cut-off filter. The construction of this
diplexer is shown in Fig. 8, and its apperance is shown in
ig. 9.

These hybrid elements are rectangular waveguides with
coupling holes in the common wall.
The cut-off waveguide is a reduced width rectangular wave-
guide.

Among the signals coming in through Port 1, those with
a frequency () lower than the cut-off frequency deter-
mined by the dimensions of the cut-off filter arce led to
Port 2, and those with a frequency (f") higher than the
cut-off frequency are led to Port 4.,

The rectangular band diplexer, which uses a rectangular
waveguide, 1s of very small size and can reducc. loss.

Five different rectangular band diplexers

(B-1, C-1, C-2, b=1 and D-2) using WR-28, and four differ-
ent rectangular band diplexers (B-2, C-3, C-% and D-3)
using the WR-19 are used in the waveguide signal distri-
butor.

Outliine drawings of the rectangular band diplexers are

provided in Drawing Nos. 6323919 to 6323927.
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L.y Civeular to semicircular mode transition
fhis unit effects " smooth" transition from circular

TEp1 mode to semicircular TEy,q mode. The construction of
this unit is shown in Fig. 10, and its appcarance is shown
in Fig. 11. The mode transition, which effects transition
from 18mumi®te 9mml, is provided at the input point of the
somicircular band diplexer and combined with the semicir-
cular to rectangular mode transition.

Drawing No. 6323918 provides an outline drawing of the

circular to semicircular mode transition.

L.4 Semicircular to rectangular wode transition

This unit cffects " smooth" transition from semicircu-
lar TEol mode to rectaugular dominant mode via a sectorial
part. The construction of the semicircular to rectangular
mode transition is shown in Fig. 12, and its appcarauce
is shown in Fig. 13.

The waveguide signal distributor uses a mode traunsition
from 9mmR to WR-28 and one from 9mm R to WR-~19.
The mode transition from 9 mmR to WR - 28 is provided
at the lewer band output port of the semicircu-
lar band diplexer and combincd with the circular to semi-
circular mode transition. The modc transition from 9 mmR
to WR-19 is provided at the higher band output port of the
semicircular band diplexer.

An outtine drawing of the semicircular to rectangular

mode transition is provided in Drawing No. 6323918.
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COUPLING HOLES
fc~fH (4)
HYBRID 2

CUTOFF FILTERS
HYBRID |

Fig* 6. Construction of the semicircular band diplexer*

p2 57 1
Fig. 7» Outview of the semicircular band diplexer.
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Fig. 8. Construction of the rectangular band diplexer.

(R,, 62581

(A) WR-28 Series

$ 62579

(B) WR-19 Series
Fig. 9. Outview of the rectangular band diplexers.
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Somicircular Circular TEol
TEol

Fig. 10. Construction of the circular to semicicular
mode transition.

Fig. 11. Outview of the circular to semicircular mode
transition.
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Rectangular Semicircular TEol
TElo

Fig. 12. Construction of the semicircular to rectangular
mode transition.

Fig. 13. Outview of the semicircular to rectangular mode
transition.
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5.

Assembling procedure

This waveguide signal distributor is separated into two
racks (Model R9819 and Model F981J) to facilitate transportation.
Combince the R9819 and F9819 racks into a single assemmly at a
specified installation site and then fix, the device in position.

The assembling procedure will be described later in this~

section.

5.1 Drawings

Drawings and photographs related to the assembling

are shown below.

Outline drawing of signal distributor - - - D# 6323965

Layout of signal distributor - - - - - - - - D# 6323966
Section of rack = = = = = = = = = = - « - - D¥ 6323967
Port O 20mm waveguide - - = =« = = = -« -« - = D# 6323916
Rack assembly drawing - = = = = = = = = - - D# 6323968

Assembly drawing of port O waveguide - - - - D# 6323969

Junction for waveguide (R9819) - - - - - - - Fig. 14

" (F9819) - - - - -« - - Fig. 15
Junction for rack (R9819) - - - - - - ~ - - Fig. 16

" (F9819) - - - - - - - - - Fig. 17
Port O 20mm waveguide - = = = = = = - = = - Fig. 18
Rectangular port flange - - - =« - - = =« - - Fig. 19
Window = = = = = = = = =« = « = = = = ~ - - Fig. 20
Junction for port O 20mm waveguide - = - - - Fig. 21
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5.2 wnction of racks ( Refor to 1 0323068 )

loin racks by use of attached accessories by foltowing

the procedure described below.

(1) Join the following three scts of racks together.
( The model numbers and serial numbers on the.nameplates
on the front panecls of the mated racks are indicated

below. )

A. Model 9819, Ser. No. M9383 Model FO819. Ser. No. MY383
. " . Ser. No. M9384 " . Ner. No. M9384

C. " , Ser. No. M9Y385 " . Ser. Noo M9385

(2) Aarrange the scts of racks in a straight lince ou the
floor. { A room about 7Tm long is required. )

(3) Remove the flange covers at the junction and remove the
right, left and upper covers near the junction.

(4) Fix the O-ring (1’-29) to the flange.

(5) Stide the racks and insert the guide pins for the racks
and waveguides in position.

{(G) Insert the boits (M8 x 20, spring washers, washers and
nuts) in position and fix the racks together.

(7) Insert the balts (M3 x 20, spring washers, and washers)
in the flange of the waveguide and fix the (lange in
position.

(8) Put the removed cover back in positioun.

{9) Hemove the flange cover from cach waveguide port.

(10) Fix the racks in position by suspeusion by use of the

3/8-16 UNC hole {(at 22.spots) shown in ¥ 6323965.

|E3 {24 |rme KOGANE! BRANCH OWE. WO,
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(11) 10 the upper hooks intertere with installing action.

vremove Lhe hooks.

5.3 Fixing of port 0 waveguide in position (Refer to DF 6323969)

(1) Remove the flange covers from port O,

{2) Fix the O-rings ( 1'-29 ) to the (lange, insert the
guide pins ( 2.G¢x 20 ) and bolts ( M3 x 20,spring
washors and washers ) from the side where the port 0
waveguride is located and fix the port 0 20mm waveguide

in position.

tnpacking
Each crate contains two racks,

Take out the racks by following the procedure described below,

(1) Remove the screw marked with a red circle with a
spamner and take out the top wooden lid and bars.

(2) Lift the racks out of the box by using the hooks in end
positions,

(3) Take out some of the cushioning picces on the sides of

the racks as required.

Note: The accessorices are positioned in a corner in the wooden

box. llispose of the box after taking out the accessories.

Maintenance ( Refer to b# 6323970 )
In case windows ot rectangular port flanges are damaged
when the “waveguide signal distributor is fixed in position,

replace them by fotlowing the procedure described below.

[arro Kﬁﬁ:—- —.soen t
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(1)

{2)

(3

Remoave the flange coupling between the rectanqular band
diplexer and the windows, and remove the flange coupl ing
between vrectangular band diplexers.

Hemove the front-position fixing screws ( at A spots )

for the rectangular port (lange. The windows can be removed
together with the rectangular pert flange.

Repltace the damaged waveguide. Fix an O-ring to each junction

and fix all the removed scctions back in pusition.




(M'j 62 582

¥Lg- 16. metion for rack. I'iy- 1,. Junction for rack.
( R9819 ) ( K9819 )
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Outview of tho port 0 20mm waveguide.

Out view of tho

u

(i;g-w/)

/in rt

)

W, 62573

(ig-383/1 )

rectangular port flanges.
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Fig. 20. Outviow ot' tho windows.
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8. Appendix

Appendant drawings are shown below.

Port O 20mm waveguide - - - - - - - = - - - - D# 6323916
Semicircular band diplexer - - - - - - - - - D# 6323918
Rectangular band diplexer - = = = = = - - - - D% 6323919 - 27
Flange ( UG=599/ti ) = = = = = = = = = = = = = D# 6884211

" UG383/U ) - - - - - - - - - - - - - D% 6884212

v FPHC-50 ) - - - - - - - - - - - - - D# 6884213

" O F320A-PG ) - = - = = = = = = - - - - D# 6884214

" ( FSOOA-PG ) = = = = =« = = = = = = = - D# 6884215

Outline drawing of signal distributor - - - - D¥ 6323965

l.ayout of signal distributor - - - - -« - - - ¥ 6323966
Section of rack ~ = = = = = = = = = = - « &« = D 63239067
Rack assembly drawing - - - - - e D 6323968

Assembly drawing of port O waveguide - - - - DI 6323969

Assombly drawing of port flange and window- - D# 6323970
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