
MILITARY SPECIFICATION

SWITCHES, uAVEGUIOE
GENERAL SPECIFICATION FOR

This specification fs approved for use by
❑ents and Agencfes of the Department

1. SCOPE

MI L-s- S5041C
10 January 1984

141L- S-55041B
30 March 1976

all Oepart -
of Oefense.

1.1 Sco e.
--%

This specification covers the general requirements for waveguide
sw!tches, e ther ❑anually or elect romechanfcally operated, desfgned to connect and
disconnect one or ❑ore wavegufde sect fens to other wavegufde sect fens. Oetail
requirements and specific characteristics of switches shall be speciffed {n the
applicable specfffcatfon sheet.

1.2 )i{l{tary part number. The mflitary part number shall consfst of the letter
“H”, the basfc number of the speclffcatlon sheet, an assigned dash number (see 3.1),
and the letter N or S; where N {ndfcates a nonscreened item and S indicates a
screened item.

ExAMPLE:

f45504l/3- Q_l

::~d

“’;’’;’’;”! ‘ 0’ ‘

2. APPLICABLE OOCUf4ENTS

2.1 Government specfffcatfons and standards. Unless otherwise specfffed, the
following specific at~ons, standards, and h books, of the issue listed {n that fssue
of the Department of Oefense Index of Spec!; fcatfons and Standards (OOOISSI speciffed
in the sol fcitatfon, form a part of this specification to the extent specified herein.

SPECIFICATIONS

FE OERAL

L-P-378
NN. P.71

QQ-A - 200/9

QQ-A-250/11
00-A-591
CJQ-A-596
QQ-A-601
fJQ-B-613

Plastfc Sheet and Strfp, Thin Gauge, Polyolefin.
Pallet, Material Handlin

!:
Wood, Stringer Construction, 2

Uay and 4 May (Partial
Alg;~~um Alloy Bar, Rod, Shapes, Tube, and Wire, Extruded,

Alumin;n Alloy 6061. Plate and Sheet.
Alumfnum Alloy Oie Castings.
Alumfnun Alloy Permanent and Semi-permanent Mold Casting S.
AlunfnucI Alloy Sand Cast fngs.
Brass, Leaded and Nonleaded: Flat Products (Plate, Bar,

Sheet and Strip).

Beneficial comments (reconmendat+ons, addltfons, deletions) and any pertinent data
which nay be of use in improving this document should be addressed to: Naval
Electronics Systems Command, Department of the Navy, Washington, OC 20360, by usfng
the self-addressed Standardization Oocument Improvement Proposal (00 Form 1426)
aVPearin9 at the end of this document or by letter.

FSC 5985
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09-S-763
00-S-766
QQ-S-781
UU-P-268
PPP-B-566
PPP-B-585
PPP-B-601
PPP-B-621
PPP-B-636
PPP-B-676

MILITARY

MI L-P-116
MI L-P-1144

MI L-F-3922

MI L-S-4043
MI L-C-5015

MI L-C-5541

MI L-S-13282
MI L- C-2275O
MI L-C-22751

(See

MI L-P-23377

MI L- C-264B2

MI L- C-3B999

MI L-F-39000
MI L-T-55155

MI L- C- B1511

MI L-C-83723

supplement 1 for

STAN OAROS

FEOERAL

FE O- STD-H28

MILITARY

M1L-STO-1O5

MI L- STO-129
MI L- STO-147
MI L- ST O-202
MI L- STO-454
MI L- STO-794

MI L- STO-8B9
MI L- ST D-1285
MI L- STD-45662

MI L- S-55041C

Steel Bars, Wire, Shapes and Forgings, Corrosion-Resisting.
Steel Plate, Sheet and Strip-Corrosion Resisting.
Stra DDina. Steel . and Seals. ●
Paper;
Boxes,
Boxes,
Boxes,
Boxes,
Boxes,
Boxes,

K;aft, Wrapping.
—

Folding, Paperboard.
Wood, Wfrebound.
Wood, Cleated-plywood.
Wood, Wailed and Lock-corner.
Shipping, Fiberboard.
Set-u9.

Preservation, Methods of.
Pipe, Corrosion Resistant Stainless Steel, Seamless or ‘
Welded.
Flanges, Uaveguide, General Purpose, General Specification
for.
Steel , Corrosion-resisting.
Connectors, Electrical, Circular Threaded, AW Type,
General Specification For.
Chemical Conversion Coatings on Aluminum and Aluminum
Alloys.
Silver and Silver Alloy.
Coating, EPOXY Polyamide.
Coating System, Epoxy-Polyamide, Chemical and Solvent
Resistant, Process for Application of.
Primer Coating, Epoxy-Polyamide, Chemical and Solvent
Resistant.
Connectors, Electric, (Circular, Miniature, Quick
Disconnect, Environment Resisting], Receptacles and Plugs,
General Specification for.
Connectors, Electrical, Circular, Miniature, High Oensity,
Quick O~sconnect, Environment Resistant, Removable Crimp
and Hermetic Solder Contacts. General Specification for.
Flanges, Waveguide, Ridge, General Specification for.
Terminals, Feedthru (Insulated) and Terminals, Stud
(Insulated and Noninsul ated), General Specification fOr.
Connector, Electrical, Circular, High Oensity, Quick
Disconnect, Environment Resisting, and Accessories,
General Specification for.
Connectors, Electrical , (Circular, Environment Resisting),
Receptacles and Plugs, General Specification for.

list of associated specific ations. )

Screw-Thread Standards for ederal Services.

Sampling Procedures and Tables for Inspection by
Attributes.

- Marking for Shipment and Storage.
Pall etized Unit Loads.
Test Methods for Electronic and Electrical Component Parts.
Standard General Requirements for Electronic Equipment.
Parts and Equipment, Procedures for Packaging and Packing
of.
Dissimilar Metals.
Marking of Electrical and Electronic Parts.

- Calibration Systems Requirements.

2
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fsIL. S-55041C

o (COPfes of Spe Cifi Cations, standards, drawings, and public .atfons required by
❑anufacturers fn connection with speciffc dcquisftion functfons should be obtained
from the contracting activity or as dfrected by the contracting of ficer. )

2.2 Other Dublfcatlons. The following documents form a part of this specification
to the extent specifi here%n. The fssues of the documents which are indicated as
000 adopted shall be the fssue lfsted in the current 00DISS and the supplement
thereto, if applicable.

AH ERICAN NATIONAL sTANOAROS INSTITUTE (ANSI)

046.1 - Surface Texture.

(Appl{catfon for copies should be addressed to the American Nat fonal Standards
Institute, 1430 Broadway, New York, NY 1001 B.)

(Industry association specifications and standards are generally available for
reference from 1 ibrari es. They are also distributed among technfcal groups and using
Federal agencies. )

2.3 Order of precedence. In the event of a conflict between the text of this
SDeCifi Cati Ofl and he references Cf ted herein. the text of this s~ecification shall
t~ke precedence.

3. REQU1REf4ENTS

3.1 Specification sheets. The
here$n and fn accordance wfth the
anY conflict between reaulrements

individual item requirements shall be as specified
applicable specification sheets. In the event of
Of thfs sDecfffcatfon and the specification sheets.

th~ latter shall govern ‘{see 6.2).

o

Pr:i;ct:”::;::catton. IAaveguide switches furnished under this specification shall be
are qualified for lf sting on the a pl icable qualified products list at

!the time set for openfng of bids (see 4.5 and 6.3 .

3.3 Material. The material for each part shall be as specified herein; however,
when a aeFi Oit e material is not specffied, a ❑aterial shall be used which will enable
the waveguide switches to meet the performance requirements of this specification.
Acceptance or approval of any constituent motertal shall not be construed as a
guaranty of the acceptance of the finished product. The materfal shall be selected
fron the

a.

b.

c.

d.

e.

f.

9.

following:

Aluminum alloy plates and sheets shall conform to composition 6061 of
00-A- 250fll; extruded aluminum alloy shall conform to conposttion 6063 of
qo-A-2oof9 or cwOsit iOn 6061 of QQ-A-Z50JII.

Corrosion -resisting steel plates, sheets, and strips shal I conform to
fiO-S-766 and HIL-S-4043.

Corrosion -resisting forgings shall conform to QO-S-763
resisting steel pipe shall conform to 141L. P. 1144.

Copper alloy sheet shall conform to QQ-B-613.

Aluminum alloy castings shall conform to C.11OY A360 of
QO-A-596, or alloy 40E of 00-A-601.

Sflver alloy shall conform to the chemical composition
grade C of fsIL-S-132B2.

Silver-lined copper or copper alloy shall be laminated
0.005 inch of fine silver in accordance with grade A of NIL-S-13282.

and corrosion-

QQ-A-591, class 8 of

requirements for

with a minimum of

@

3.3.1 O{ssitai}c. r metals. Unless suitably protected against electrolytic corrosion,
dissimilar oetals shall be as speciffed in MI L- STO-889,

3
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MI L- S-55041C

3. 3.2 -. Materials used in the construction of switches shall be fungus
inert in accordance with requirement 4 of MI L- STO-454. ●

3.4 Oesign and construction. 14aveguide switches shall be of the design, construc-
tion, and physical dimensions specified (see 3.1).

3. 4.1 Operating frequency range.
3.1).

3. 4.2 Opera t< on. Switches shall
operated.

3. 4.2.1 Operating voltage. 14hen
be as specified (see 3.1).

The frequency range shall be as specified (see

be either manually or elect r’omechanically

applicable, the nominal operating voltage shall

,p:l;+:edC;;::g::; ;:.n. Switches shall be furnished with the number of positions

3. 4.4 Threaded parts. All threaded parts shall be in accordance with FEo-s TO-H28.
Inserts shall be provided when added thread strength and life is needed for mounting
holes.

3. 4.5 Oiode suppression. when a diode is used for radio frequency (RF) noise
suppression, it shall be protected by another diode such that applying a reverse
polarity to the actuating circuit does not cause an excessive current to flow in the
suppressing diode. Unless otherwise specified, all suppressing diodes shall be
mounted inside the switch body.

3. 4.6 Ifaveguide and connector cover. The connector and waveguide opening of the
switches shall be sealed with covers to prevent damage and the entrance of moisture
and foreign material during storage.

3. 4.7 Connectors. The connector receptacle shall conform with MI L-C-5015,
MI L-C-26432, MI L-C -38999, MI L-C-81511, or NIL-C-83723. All connectors shall have
their metallic shells grounded to the switch metallic casing.

3. 4.8 Waveguide flanges. The waveguide flange faces and mounting holes shall mate
with waveguide flanges conforming with MI L-F-3922 or MI L-F-39000.

3. 4.9 Solder terminals. Solder terminals shall be in accordance with MI L-T-55155.

3.4.10 Indicating circuits [see 6.4). When specified (see 3.1)
designed w~th

switches shall be
separate contacts and terminals to operate a pilot l;ght or other

device which shall indicate each position of the switch.

3.4.11 Interlock circuit. !4hen specified (see 3.1), switches shall be designed
with separate contacts and terminals to operate or control the output of a transmitter
or other RF power source, during switching or at any one of the switch positions.
Interlocks shall be activated before rotor has traveled less than 6 degrees across
the waveguide opening.

3.4.12 Finish. Unless otherwise specified [see 3.1), the finish shall be as
specified ~.12. l and 3.4.12.2.

3. 4.12.1 Waveguide flange face surface. The flange face surface of the switch
shall be finished to 63 root-mean-square micro inches in accordance with publication
ANSI B46.1. Aluminum flange face shall be coated with a chromate-type conversion
coating in accordance with MI L-C-5541, class 1A.

3.4. 12.2 Exterior surface. All exterior surfaces of the switch, except flange
faces and connectors, shall be painted in accordance with MI L. C-22751, MI L-P-23377,
and MI L-C-22750.

3.4.13 Temperature range. The temperature range shall be as specified (see 3.1).

3.4.14 w. The weight shall not exceed the limit specified (see 3.1). ●

4
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MIL- S-55041C

All screened switches produced to thfs Specfficatfon shall be
sc;;~ne%%%;dance with table 111. After screening, the switch shall be
subjected to Group A inspection.

3.6 Run-fn. All elect romechan{cally operated switches produced to thfs
specifi= shall be run-in in accordance with 4.7.3.

3.7 Pull-in voltaqe (see 6.4). klhen elect romechanically operated switches are
tested as speclfl fn iie pull-in voltage value shall not exceed the value
specified (see 3.;). lh~ ;e~sured pull. fn voltage at the hfghest operating
temperature shall not excaed the maxtmum specffied value isee 3.1) by nore than 10
percent.

3.8 Oropout voltage isee 6.4). ‘dhen fail-safe elect romechanically operated
switches are tested as speciffed in 4.7.5, the dropout vOltage value shall be “~t
Iess than the value specified [see 3.1).

3.9 Opera tinq current. When elect romechanically operated switches are tested as
specified 4 6 the ❑ax{mum operating current shall not exceed the value
specified (;ee”3J l\. The measured operating current at the lowest opera tfng
temperature shall not exceed the ❑aximum specf fled value by more than 25 percent.

3.10 Holding current isee 6.4). When fail-safe elect romechanfcally operated
switches are tested as speciffed in 4.7.7, the holdfng current value shall not exceed
the value specfffed [see 3.1). The neasurad holding currant at the lowest operating
temperature shall not exceed the ❑aximum speciffed value (see 3.1) by more than 25
percant.

3.11 Rotor ❑otion delay (when specified) (see 6.4 and 3.1). When elect ro-
mechanically operated switches are tested in
delay time shall not exceed the time specf;;e~p!~ee :.1).

4.1.8. the rotor ❑otion

3.12 Of electric withstanding voltaqe. When elect romechanfcally operated switches
are tested as specified tn 4.7.9, there shall be no ovfdence of voltage breakdown.

3.13 Transient interference (RFI) (when specified) (see 3.1). When electro.
❑echanically operated switches are tested as specified in 4.7.10, the switch shall
not conduct or radiate RF notse to a degree greater than the followfng lfmttfng
values:

a. OC switches +50 percent or .150 percent of nominal line voltage (28 V dc
limit is *42 V peak).

b. AC switches ●2 x nomfnal RMS lfne voltage (115 V ac limit is *230 V peak).

3.14 Isolatfon. When switches are tested as specffted in 4.7.11, the isolation
between The acti vated and any other ports shall be not less than the value specified
(see 3.1).

3.15 Voltage standing wave ratfo (VSUR). When switches are tested as specfffed in
4.7.12, the input VSHR shall not exceed tfie value speciffed [see 3.1).

3.16 Insertion loss. When switches are tested as specf fled in 4.7.13, the
insertion loss shall not exceed the value specified (see 3.1).

3.17 Switchinq tfme (see 6.4). When elect romechanfcally operated swftches are
tested as specified in 4.7.14, the tine required to switch from one posftion to an
adjacent pOSiti OfI shall not exceed the tfme specified (see 3.]).

3.18 RF energy leakage (when specified) (see 3.1). Hhe” switches are tested as
specified in 4. 7.1 5, the leakage shall not exceed the value specffied (see 3.1).

3.19 RF power handling capabilit~. When switches are tested as speciffed in
4.7.16, with spectfied RF power (see 3.1) passin
breakdown, charring, arcing, or overheating shal 7 ;;r;;!ie;i~ ‘:l;;;;i;~ ;;;;e;;~t~f
the switch shall be capable of ❑eettng the specfffed
requirements. Unless otherwise speciffed (see 3.1)0
to switch under power.

Insert ton loss and Isolatlon
switches shall not be requfred

5
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MI L- S-55041C

!4hen tested as specified in 4.7.17, the switch shall show no
ev;~~;ce%+’i+$+;l damage . . deterioration. Following the test, switching time,
insertion loss, and VS14R shall be not greater than and isolation no less than the
initial values specified (see 3.1).

3.21 Thermal shock. When elect romechanically operated switches are tested as
speci fiefi 4.7.18, the switch shall be capable of reliable operation. Following
the test, the switch shall be capable of meeting the specified insertion loss,
isolation, and switching time requirements.

3.22 Altitude and cold. When elect romechanically operated switches are tested as
specified in 4 .7.1 9, there shall be no evidence of malfunction. Switches shall
operate within the initial switching time speciffed (see 3.1) and withstand dielectric
withstanding voltage without breakdown (see 4.7.9).

3.23 Moisture resistance. When elect romechanically operated switches are tested
as specified in 4.7.20, the switch shall be capable of reliable operation. Following
the test, the switch shall be capable of meeting the specified isolation, VSWR,
insertion 10ss, holding current, pull-in voltage, dropout voltage, switching time and
rotor motion delzy requirement.

3.24 Pressure (when specified) (see 3.11. Uhen pressurized switches are tested as
specified in 4.7.21 at the specif ied pressure (see 3.1), the leak rate of the switches
shall be less than 5.0 standard atmosphere cubic centimeter per minute or shall be
such that no stream of bubbles emanates from the switches.

3.25 Vibration. When tested as specified in 4.7.22, there shall be no evidence of
displacement or loosening of parts. Following this test, the switch shall be capable
of meeting the specified isolation, VSWR, insertion loss, holding current, pull-in
voltage, dropout voltage, switching time, and rotor motion delay requirements.

3.26 Shock (specified pulse~. When tested as specified in 4.7.23, the switches
sh?ll show no evidence of damage or loosening of parts. Following this test, the
switch shall be capable of meeting the specified isolation, insertion loss, and
switching time requirements.

●
3.27 Explosion (when specified) (see 3.1). When switches are tested as specified

in 4.7.2X , there shall be no explosion within the test chamber. Following this test,
the switch shall be capable of meeting the switching time requirement.

3.28 Salt spray (when specified) (see 3.1). When tested as specified in 4.7.25,
the surfaces of the switch shall exhibit no marked pitting or corrosion.
this test,

Following
the switch shall be capable of meeting the switching time, insertion loss,

and dielectric withstanding voltage requirements.

3.29 sand and dust. When elect romechanically operated switches are tested as
specified in 4. 7.2 6, there shall be no evidence of sand and dust accumulation within
the inclosure.

3.30 Post electrical tests, environmental. Following the environmental tests,
pull-in and dropout voltages, operating and holding currents, rotor motion delay,
dielectric withstanding voltage, isolation, VSUR, insertion loss and switching time
shall meet the specified values.

3.31 Marking. Switches shall be marked in accordance with MI L- ST O-1285 with part
number and the manufacturer’s source code.

a. Elect romechanically operated switches shall be marked with the type of
suPPl Y, the operating voltage, and the frequency in the case of an ac
supply.

b. Waveguide ports shall be marked in a logical manner to identify the input
and output ports.

The marking shall remain legible after completing all environmental tests specified
herein. ●

6
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Switches shall be manufactured and processed $n such a manner
as’i~’be%%%’%%”quality, a“d the surfaces of the switch shall be free from tool
marks, burrs, deep scratches, and other defects that will affect life, serviceability
or appearance.

4. QUALITY ASSURANCE PROVIS1ONS

4.1 Responsibfllty for inspection. Unless otherwise specified in the contract or
purchase order, the contractor is responsible for the performance of all inspection
requirements as specified herefn. Except as otherwise specf fled fn the contract or
purchase order, the contractor may use his own or any other facilities suitable for
the erformance of the inspection requirements specfffed here$n unless disapproved by

Ithe overnment. The Government reserves the rfght to perform any of the inspections
set forth In the specification where such inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

4. 1.1 Test equipment and inspection facilities. Test and measurtng equipment and
inspection facili ties of suff icient accuracy, quality and
performance of the required inspection shall be establish

I#ls..:ity to permft
❑aintained by the

❑anufacturer. The establishment and ❑s.inte”ance of a calibration system to control
the accuracy of the ❑easuring and test equipment shall
MI L.sTO-45662.

4.2 Classification of inspections. The
as follows:

a. Haterials inspection (see 4.3).

inspections

be in accord~nce with

specffied herein are classified

b. Qualification inspection (see 4.5).

c. Quality conformance inspection (see 4.6).

4.3 )laterials inspection. Materials inspection shall consist of certification
supported by verifyfng data that the ❑aterials listed in table 1, used in fabricating
the switches, are in accordance with the applicable referenced specifications or
requirements prior to such fabrication.

TABLE I. Materials inspection.

Material i Requirement / Applicable i

/
paragraph specification I

I I

Aluminum alloy- - - - - - - - - - - - i 3.3
Corrosion-resisting steel - - - . - - I 3.3

i 130-A-20019, QQ-A-250111 /
I 00-S-766, 141L-S-4043

Corrosion-resisting steel pipe- - - - I I NIL-P-1144
Corrosion-resisting forging - - - - - I ::: I OQ-S-763 i
Copper alloy sheet- - - - - - - - - - I I QQ-LI-613
Aluminum alloy casting- - - - - - - - I ::: I QO-A-591, QQ-A-596,

I I QQ-A-601 i
Silver alloy . . . . . . . ...---13.3 I MIL-S-13282
Dissimilar metals - - - - - - - - - . I 3.3.1 I MI L-STO-889
Fungus . -------- -------1 3.3.2 I 141 L- STO-454 i
Connector s----------- --.1 3.4.7 I PIIL-C-5015, HIL-C-26482,

I HIL-C-38999. NIL-C-81511, \
I I HIL-C-83723

Uaveguide flanges . - - - - - - - - - ! 3.4.8
Finis has ----------- ----1

I NIL-F-3922, MI L-F-39000 I
3.4.12 I ANSI B46.1, NIL-C- SS41, I

I MI L-P-23377. f41L-t-22750, I
/ I MIL-C-22751, FEO-STO-595 I

I

4.4 Inspection conditions. Unless otherwise specified herein, all inspections
shall be performed in accordance with the test conditions specified in the “GENERAL
REQUIREMENTS” of MIL- ST O-202.

7

Downloaded from http://www.everyspec.com



MI L- S-55041C

4. 4.1 Test method deviation. Oeviation from the specified test methods are
allowed provided that it is demonstrated to the preparing activity or their .igent-
that such deviations in no way relax the requirements of this specification and that ●
they are approved before testing is performed. For proposed test deviations, test
method comparative error analysis shall be made available to the preparing activity
or their agent for review and approval.

4.5 Qualification inspection. Qualification inspection shall be performed at a
laboratory acceptable to the Government (see 6.3) on sample units produced with
equipment and procedures normally used in production. Qualification obtained for
each group (see appendix) shall constitute qualification for all switches with
characteristics for that group.

TABLE 11. qualification inspection.

Inspection I Requi rement I Test I
paragraph method

I paragraph I
Group I (all samples)

I
Screened [see table 111 for screened

switch es )-------- ------- 13.5 14.7.2
Visual and mechanical inspection (for

nonscreened switches) - - - - - - - - - I 3.1, 3.4 through 3.4.12, ~4.7. l
I 3.4.14, 3.31 and 3.32

Run-in (for nonscreened switches)- - - - I 3.6 14.7.3
Pull-in voltage 1/ - - - - - - - - - - - I 3.7 14.7.4
Oropout v01tage3/ - - - - - - - - - - - I 3.8 14.7.5
Operating curren? 1/ - - - - - - - - - - I 3.9 14.7.6
Holding current 3J-- - . - - - - - - - - I 3.10 14.7.7
Rotor motion del;y 1/ 2/ - - - - - - - - I 3.11 ::.; .:
Dielectric withstan~in~ voltage 1/ . - - I 3.12
Transient interference (RFI) ~/ ~/ - - - I 3.13 I4:7:1O
Isol ati on------- . - . ------ 13.14 14.7.11
VSUR ------------ ------13.15 14.7.12
Insert ion loss ------- ------13.16 14.7.13
Switching time Al- - - - - - - - - - - - ~ 3.17 /4.7.14

Group 11 (2 samples) I I

RF energy leakage 2/ - - - - - - - - - - I 3.18 ;4.7.15
RF power handling ~apability - - - - - - I 3.19 14.7.16
Cycle life --------- ------13.20 14.7.17
Post electrical tests- - - - - - - - - - I 3.30 14.7.27

I
Group 111 (2 samples) I

I
Thermal shock l/------ ------13.21 14.7.18
Altitude andc;ld 1/ - - - - - - - - - - I 3.22 14.7.19
Moisture resistanc~ 1/ - - - - - - - - - I 3.23 14.7.20
Press ure ~/---------- ------13.24 14.7.21
Vi oration ---------- ------13.25 14.7.22
Shock (specified pulse]- - - - - - - - - I 3.26 14.7.23
Explosion lo -------- ------13.27 14.7.24
Salt spray ---------- ------13.28 14.7.25
Sand anddust l/------ ------13.29 14.7.26
post electrical tests ~/ - - - - - - - - I 3.3o \4.7.27

~f For elect romechanically operated waveguide switches only.

~i When specified.

~f For fail-safe elect romechanically operated waveguide switches only.

~/ The applicable post electrical tests shall be performed after the last environ-
mental test is completed.

8

I
I

I

I

I

I
I

I

I
I

I
I

I

I

I

Downloaded from http://www.everyspec.com



MI L-s.55041C

Q 4. 5.1 Sample size. The sample size shall be four.

4. 5.2 Inspection routine. The sample shall be subjected to the qualification
inspection specified in table Ii, $n the order shown. All units shall be subjected
to the inspection of grou I. The sample shall then be divfded fnto two groups of
twO units each (see 4.5.1?. The sample unfts shall the” be subjected CI”ly to the
inspections indfcated for their particular group.

4. 5.3 Failures. One or more failures shall be cause for refusal to grant
qualfffcatlon approval. A faf lure shall be anything that does not meet the
requirements of the specification.

4. 5.4 Disposition of qualification sample unfts. Sample units which have been
subjected to qual ifi cation testing shall not be
order.

delfvered on any contract or purchase
Unless otherwise specffled, the contractor shall furnish the sample unfts

with the qualification test report. The samples shall be retained by the government
or, at the option of the qualifying activity and wfth the agreement of the contractor,
returned to the contractor for storage. Samples storad by the contractor shall not
be disposed of until the product Is no longer on the qualified products list.

4.5.5 Retention of qualification. To retain qualfffcatlon, the contractor shall
forward a report at Zq-month intervals to the qualifying actlvfty. After two
consecutive successful 24-month report periods, a supplfer reportfng period shall be
changed to every 60-months. The qualifying activfty shall establish the {nitial
reportfng date. The report shall consist of:

a. A summary of the results of the tests performed for inspection of product
for delivery {group A), indicating as a ❑inimum the number of lots that
have passed and the number that have failed. The results of tests of all
reworked lots shall be identified and accounted for.

b. A summary of the results of tests performed for periodic inspection (group
B), including the number and ❑ode of failures. The summary shall include
results of all period{c inspection tests performed and completed during the
24-month period. If the summary of test results indicates nonconformance
with specification requirements, and corrective action acceptable to the
qualifying activity has not been taken, action ❑ay be taken to remove the
failfng product from the qualified products list.

Failure to submit the report within 60 days after the end of each 24-month period
may result in loss of qualification for tho product. In addition to the periodic
submission of ~nspectfon data, the contractor shall immediately notify the
qualifying activity at any time during the 24-month period that the inspection data
indicates failure of the qualified product to ❑eet the requirements of this
specification.

In the event that no production occurred during the reporting period, a report
shall be submftted certifying that the company still has the capabilities and
facilities necessary to produce the switches. If during two consecutive reporting
per feds there has been no production, the manufacturers ❑ay be required, at the
discretion of the qualifying activfty. to submit hls qualified products to testing
in accordance with the qualification Inspection requirements and the reason for no
production.

TABLE 111. Screening.

inspection I Requirement i Test i
paragraph I ❑ethod I

/
paragraph

! /

Thermal shock -------- -- .---13.5 I 4.7.2.1 /
Run- i n-------- . .-.-----13.6 4.7.2.2
Visual and ❑echan ical inspection - - - . I 3.1, 3.4 through 3.4.12, i 4.7.1 I

I 3.4.14, 3.30 and 3.31
1

I

9
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Quality conformance inspection.

4. 6.1 Inspection of product for delivery. Inspection of product for delivery
shall consist of group A inspection and when applicable screening.

4.6 .1.1 Inspection lot. An inspection lot shall consist of all waveguide switches
of the same part number, produced under essentially the same conditions, and offered
for inspection at one time.

4. 6.1.2 Screen in9. Screening shall consist of the inspections speciffed in table
III,{n the order shown. Switches shall pass screening, before being subjected to
group A inspection.

4. 6.1.3 Group A inspection. Group A inspection shall consist of the inspections
specified in table V, In the order shown.

4.6. 1.4 Sampling plan. All screened switches shall be subjected to screening and
group A inspection. ATT nonscreened switches shall be subjected to group A
inspection. Defective units shall be individually rejected.

4 .6.1.5 Disposition of sample units. Switches which have passed all the group A
inspection shall be delivered on the contract or purchase order.

4 .6.1.6 Rejected items. If an inspected item is rejected, the contractor may
rework it to correct the defect and resubmit for reinspection. Such items shall be
separate from new items, and shall be clearly identified as reinspected items.

TABLE IV. Group A inspection.

I
Inspection Requirement Test

I paragraph method
paragraph

/

Screened (per table III for screened I
switch es )-------- ------ I 3.5 ‘4.7.2

Visual and mechanical inspection (for
nonscreened switches)- - - - - - - - I 3.1, 3.4 through 3.4.12, I 4.7.1

I 3.4.14, 3.31 and 3.32 I
Run-in (for nonscreened switches)- - - I 3.6 4. 7.3
Pull-in voltage 1/ . - - - - - - - - - I 3.7 4.7.4
Dropout voltage 7/ - - - - - - - - - - I 3.8 4. 7.5
Operating curreny 1/ - - - - - - - - - I 3.9 4.7.6
Holding current 31-- - - - - - - - - - I 3.10 4.7.7
Rotor motion del~y 1/ 2f - - - - - - - I 3.11 4.7.8
Dielectric withstanain~ voltage 1/ - - I 3.12 4. 7.9
Transient interference (RFI) ~1 ~1 - - I 3.13 4.7.10
Isol ati on------- -------- 1 3.14 4.7.11
VSUR ------------ ----- I 3.15 4.7.12
Insert ion loss---- -------- I 3.16 4.7.13
Switching time AI- - - - - - - - - - - I 3.17 4.7.14

~1 For elect romechanically operated waveguide switches only.

~f When specified.

if For fail-safe elect romechanically operated waveguide switches only.

4.6.2 Periodic inspection. Periodic fnspectio” shall consist of group B
inspection. Except where the results of these inspections show noncompliance with
the applicable requirements (see 4.6.2.5), delivery of products which have passed
group A shall not be delayed pending the results of the periodic inspection. ●

10
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o 4.6.2.1 Group B inspection. Group B inspection shall consist of the inspections
specified in table V, {n the order shown. Group B inspection shall be made on sample
Units selected from inspection lots which have passed the group A inspection.

4.6. 2.2 Sampling plan. Four sample ““its (see 4.5.1) shall be selected every 24
oonths. The fi rst inspection shall be 24 ❑onths after the date of notification of
qualfflcatfon.

4. 6.2.3 Failures. If one or more sample units fail to pass group 8 inspection,
the sample shall be considered to have faf led.

4 .6.2.4 Disposition of sample units. Sample units which have been subjected to
group E inspection shall not be deli vered on any contract or purchase order.

4. 6.2.5 tloncomplfance. If a sample fails to pass group B inspection, the
manufacturer shall take corrective actfon on the mater fals or processes, or both, as
warranted, and on all units of product which can be corrected and which were
❑anufactured under essentially the same conditions, with essentially the same
materials, processes, etc. , and whtch are considered subject to the same fc. flure.
Acceptance of the product shall be discontinued until corrective act fen, acceptable
to the Government, has been taken. After the corrective action has been taken, group
B inspection shall be repeated on additional sample unfts (all inspection, or the
inspection which the original sample failed, at the optfon of the Government). Grou P
A $nspectfon may be reinstituted; however, final acceptance shall be withheld untfl
the group B reinspection has shown that the Corrective actfon was successful . In the
event of fa{ lure after reinspection. information concernfna the failure and the
corrective action taken shali be furnished to the Cognizani fnspect{on act fvity and
the qualifying activity.

@

TABLE V. Group B inspection.

I I I
I Inspection Requirement Test i

paragraph / method

i
/ i

i
paragraph

1 I I
i Cycle life ---------- . . . . . . 3.20 I 4.7.17 I
I Post electrical tezt - - - - - - - - - - I 3.30 4.7.27 I

/

4.6.3 Inspection of packagfn~. The sampling and Inspection of the preservation
and inter?or pack ❑arki ng shall ba in accordance with the group A and B quality
conformance Inspection requirements of MI L-P-116. The sampling and inspection of the
packing and ❑arking for shipment and storage shall be fn accordance with the quality
assurance provisions of the applicable contafner specification and the ❑arktng
requirements of 141 L. STD- 129.

4.7 Methods of inspections and tests.

4. 7.1 Visual and mechanical inspection. Wavegufde switches shall be inspected to
verify that the materials, design, construction, physical dimensions, finish, ❑arking
and workmanship are in accordance with applicable requirements (see 3.1, 3.4 through
3.4.12, 3.4.14, 3.30 and 3.31).

4.7.2 Screening (see 3.5). Swftches shall be screened as specified in 4.7.2.1
through 4.7.2.3.

4. 7.2.1 Thermal shock. Switches shall be tested as specified in 4.7.1 B, except
the run-in test of 4 .7.1

e

shall be performed after the thermal shock rather than the
electrical post tests.

11
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4.7. Z.2 Run-in. Switches shall be tested as specified in 4.7.3.

4. 7.2.3 Visual and mechanical inspection. Switches shall be inspected as
specified in 4.7.1.

4.7.3 Run-in (see 3.6). “Using the test set-up of figure 1, the switch shall be
operated at a rate not to exceed one positfon per second for 4,800 cycles. One cycle
shall consist of switching from the initial position into each other position and
returning to the initial position. Switches with externally accessible contacts (such
as indicating or interlock circuit contacts) shall have the contact resistance of
these contacts measured and recorded both before and after run-in. Any increase in
contact resistance greater than 10 percent shall be cause for rejecting these
switches. “

4. 7.4 Pull-in voltaqe (see 3.7). with the switch at room ambient temperature,
connect a volt meter irectly across the input terminals of the selected position.
Slowly increase the actuator voltage and note the actual voltage at which the actual
switching action occurs. Repeat this test for each position requiring the
application of actuator power. Repeat the above procedure with the switch at the
lowest and at the highest specified temperatures (see 3.1).

4.7.5 Oropout voltage (see 3.81 (fail-safe type]. With the switch at room ambient
temperature, connect a voltmeter across the terminals of the selected switch position
and apply nominal operating voltage (see 3.1). Gradually reduce the actuator voltage
until the switch returns to the deenergized position. The above test shall be
repeated for each switch position requiring actuator power.

4. 7.6 Operating current (see 3.9). With the switch at room ambient temperature,
apply nom~nal operating voltage (see 3.1) and measure the operating current for each
RF position, using the test setup of figure 2. Repeat the above procedure with the
switch at the lowest and highest operating temperatures specified (see 3.1).

4.7.7 Holding current (fail-safe and selective ty pe switches (see 3.10). The
holding current for each RF position shall be measured using he same procedures and
equipment as 4.7.6. The holdtng current shall be measured at room ambient
temperature, at minimum operating temperature and at maximum operating temperature.

FIGURE 1. Run-in and cycle life test setup.

12
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I
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FIGURE 2. Operating and holding current test setup.

4.7.8 Rotor ❑otion delay (see 3.11). Ufth the switch at room ambfent temperature,
apply nom~nal operati ng vol taye [see J.1) and umasure the rotor motion delay in both
the energized and deenerytzed position using the test setup of fiyure 3. Kepedt the
rotor ❑otion delay measurement fOr each eleCCrf Cdlly selected position of tne switch.

SIGNAL SWITCH
UNDER OETECTOR

GENERATOR TEST

1

VARIABLE ‘-
Vo

OS CILLO -

POWER SCOPE

SUPPLY +
A

J

FIGURE 3. Rotor ❑otion delay and switching time test setu~.

4. 7.9 Dielectric withstanding voltage (see 3.12).
accordance with ❑ethod

Sisftches shdll be tested i“
301 of 141L-s TO-202. The to flowiny detafls dpply:

a. Magnitude of test voltage:

(1) $~l;~:eated swftches - 500 volts II14S plus twice tne nominal operating

[2) OC operated switches - 500 volts dc plus twice the numlnal operating
vol tage.
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b. Points of application of test voltage:

(11 Indicator and interlock circuit - The test voltage shall be applied
turn between each separate position indicator and interlock circuit
terminal and the switch housing (ground). All open indicator and
interlock circuit terminals shall be grounded to the switch housfng
(ground) for this test.

●
in

(2) Actuator circuit - The test voltage shall be applied between the
actuator terminals and the switch housing (ground). All actuator
terminals shall be connected together for this test so that any RF]
noise suppression devices are not damaged.

4.7.10 Transient interference (RF]) (see 3.13). Transient interference emanating
from the switch shall be measured on the power lines using the test procedure of
figure 4.

4.7.11 Isolation (see 3.14). Connect the equipment as illustrated in figure 5.
The characteristics of the low pass filter shall be such that it will attenuate all
harmonics of the RF signal for at least 30 dB. Set the start fstop limits on the
sweep oscillator to the specified lowest and highest frequency values, respectively.
Connect the calibrated mismatch to the output of the network analyzer. Adjust the
horizontal sensitivity of the X-Y recorder for 10 inches of travel and using the
sweep oscillator sweep output signal, set the sweep width for the same value. Adjust
the RF power level on the sweep oscillator to a level that will provide the best
detection efficiency for the detector. With the sweep oscillator adjusted and the
network analyzer and X-Y recorder calibrated, draw calibration lines in 1 dB step
above and below the specified isolation value of the switch on the X-Y recorder.
Remove the calibrated mismatch and insert the switch under test. Terminate all
unused ports with matched loads. With the switch at room ambient temperature, apply
the nominal operating voltage and record the isolation versus frequency on the
recorder. The frequency shall be labled and recorded at not less than 5 @quail Y
spaced points evenly distributed across the frequency band. Repeat the above
procedures for any other adjacent ports. If the test must be made at fixed
frequencies, the test shall be made at not less than 7 equally spaced points evenly
distributed across the band width of the switch. The overall inaccuracy of isolation
measurements shall be no greater than 5 percent. A means shall be provided for
producing a permanent record of the switch’s isolation versus frequency if fixed
frequencies or other than the above test setup is used. .

4.7.12 Voltage standing wave ratio (see 3.151. With the switch at room ambient
temperature, apply nominal operating voltage and measure the VSWR for each RF path
across the speciffed range, using the test setup of figure 6. Relatively low RF
input power shall be used for this test. Each unused port shall be terminated in a
matched load. .4 means shall be provided for producing a permanent record of the
switch’s VSUR versus frequency. The VSUR shall be recorded in increments of 0.05
between VSWR limits of 1.02:1 and 1.5:1 and 0.1 above 1.5:1. If the test must be
made at fixed frequencies, the test shall be made at not less than 7 equally spaced
points evenly distributed across the bandwidth of the switch. If VSWR is not
directly measured; that is, if return loss is measured and VSWR calculated from that
measurement, the permanent record shall indicate the worst case VSWR numerically and
shall provide the calculation used to obtain the calculated VSWR. The measurement
system and permanent record shall provide a minimum accuracy of .04 over the frequency
ranges below 26.5 GHz and a minimum accuracy of .OB over the frequency ranges 26.5 GHz
and above.

4.7.13 Insertion loss (see 3.16). With the switch at room ambient temperature,
apply nominal operating vol tage (see 3.1) and measure the insertion loss for each RF
path, using the general test procedures and test setup of 4.7.11. The calibration
lines on the recorder shall be .02 dB step above and below the specified insertion
10ss value. The measurement system and permanent record shall provide a minimum
accuracy of .04 dB over the frequency ranges below 26.5 GHz and a minimum accuracy of
.08 dB over the frequency ranges 26.5 GHz and above.
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4.7.14 Switching time (see 3.17). For electrically operated switches, the
switching ~ime from both he energ~zed and deenergized positions shall be measured,
using the test setup of figure 3. With the switch at room ambient temperature, apply
RF and dc power and measure the time lapse between application of dc actuator power
and final positioning of the RF portion of the switch for the position selected.
Measure the time lapse for the switch to go from an energized position to a
deenergized position. Repeat these tests for each electrically selected position of
the switch.

4.7.15 RF energy leakage (see 3.18). Using the test setup shown in figure 7, the
input of the switch shall be furnished with a minimum of 10 milliwatts of RF power at
the center frequency of the switch pass band. Each output port shall be terminated
in a matched load. The entire external surface of the switch shall be explo~; g for
maximum RF leakage. This test shall be repeated for each switch position.
maximum RF leakage shall be no higher than specified (see 3.1).

4.7.16 RF power handling capability (see 3.19). The RF power sources shall be
capable of furnishing the specified average and peak power to the input of the
switch. The output of the switch shall be terminated into a matched dummy load.
Mhen specified (see 3.1), the RF section shall be pressurized; otherwise, the RF
section shall be vented to atmospheric pressure (30 *2 inches mercury) during the
test. The power source shall be adjusted to the lowest specified frequency and the
specified average power. APPIY this Power to the input of the switch for at least 1
hour. At the end of this time, remove the average power and apply the specified peak
power (at the same frequency) to the input of the switch for at least 5 minutes.
Repeat these procedures at the middle frequency and at the highest specified
frequency. The above procedure shall be repeated for each position of the switch. If
required to switch under power and if the switch design includes interlock circuits
used to interrupt the RF power source during switching (see 3.1), the circuits shall
be used to do so during this test. Ouring and following the test, the switches shall
be examined for evidence of breakdown, charring, arcing or overheating.

4.7.17 Cycle life (see 3.2o). The switch shall be securely mounted on a block
weighing not less than times the weight of the switch; the switch temperature shall
be allowed to stabilize at room ambient temperature for not less than 1 hour before
the beginning of the test. Unless specified, RF power need not be applied to the
switch. The switch shall then be operated, at a rate not to exceed one position per
second, for the specified number of cycles (see 3.1). One cycle shall consist of
switching from the initial position into each other position and returning to the
initial position. The operating voltage shall be nominal (+10, -O) percent). When
indicator or interlock circuits are included in the design, they shall be energized
with the specified current and voltage (see 3.1) during this test. The contact
resistance of these cfrcuits shall be measured at the switch connector terminals
before and after this test. Following this test, switching time, VSWR, insertion
loss and isolation shall be measured as specified in 4.7.14, 4.7.12, and 4.7.11,
respectively.

4.7.18 Thermal shock (see 3.21). The switch shall be tested in accordance with
test method Test condition B applies unless otherwise specified
(see 3.1). The ~aveguide port; shall be covered during this test.

4.7.19 Altitude and cold (see 3.22). Switches-shall be placed in a pressure
chamber maintained at a temperature of -55 +0, -5 C for 24 hours. After temperature
stabilization, the switching time shall be measured as specified in 4.7.14 (except
the temperature shall be maintained at -55” C). The pressure shall then be reduced
from standard barometric pressure to 1.3 inches of mercury (approximately 70,000 feet
elevation) and then allowed to stabilize. At this reduced pressure and during the
last 4 hours of the 24 hour holding period, the switches shall be tested for
dielectric withstanding voltage and switching time as specified in 4. 7.9 and 4.7.14,
respectively (the reduced pressure and temperature of -55° C shall be maintained].
Only one half the voltage specified in 4. 7.9 need be applied for the dielectric
withstanding voltage test.

●

4.7.20 Moisture resistance (see 3.23). The switch, with the waveguide ports
sealed, shall be tested in accordance wfth test method 106 of MI L- STO- 202 except that
steps 7a and 7b may be omitted. The following details apply:

a. Initial measurements - Not applicable. ●
18
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;~;;~TOR WAVEGUIDE
CRYSTAL
OETECTOR

RF PRECISION I
SWR METER

SOURCE ATTENUATOR
(HP415) OR

EQUIVALENT—

LOUTpUT OF pRECISl~N

ATTENUATOR

Test set-up for calibration for RF leakage detector. The calibration

Sensitivity of the test position shall be 90 dB relative to the Power output of
the RF source.

FIGURE 7. Test setup for RF leakage.
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b. Polar tzatfon voltage . Not applicable.

c. Loading voltage - Not applicable.

4.7.21 Pressure (see 3.24). Hfth the switch at room a!obfent temperature, the RF
portion shall be capped and then pressurized at the pressure speciffed (see 3.1). The
aPpl ied Pressure shall be measured at the swftch, not at the pressure source. The
switch shall then be submerged for one ❑inute i“ frash tap water that f~ at 25 *5”c.
Repeat the test with the switch at the lower temperature extreme.

4.7.22 Vibration (see 3.25). The switch shall be tested in accordance with ❑ethod
201 of HIL-STO-202 except that the ❑otion shall be applied for a period of 10 ❑inutes
in each of the 3 ❑utually perpendicular directions (a total Of 30 Minute S). The
switch shall be firmly secured to the vibration platform without the use of shock
fsolators. Unless otherwise specified, the swftch need not be energized for this
test.

4.7.23 Shock (specified pulse) (see 3.26). The swftch shall be securely mounted,
without isolators, and subj ected to the shock test in accordance with condition K of
❑Iethod 213, MI L- STO-202.

4.7.24 Explosion (sea 3.271. The switch shall be tested in accordance with test
❑ethod 109 of L- STO-202 fndfcator and interlock circuits shall be energized at
rated voltage and current ”(see 3.1). Unless otherwtse specified (see 3.1), switches
that are pressurized and are designed so that the swftchlng mechanism is completely
isolated from the RF path need not have RF power applied. However, all other switches
shall be tested with full RF power applied.

4.7.25 Salt spray (see 3.28). The switch shall be tested In accordance with test
condition E of oethod 101, IL -S10-202. The waveguide ports shall be sealed during
this test.

4.7.26 Sand and dust (see 3.29). The swftch shall be tested in accordance wfth
step 1 only of test method llU 141L-sTo-202. The air veloctty shall be between 100
and 500 feet per ❑ inute. Unle~s otherwise speciffed (see 3.1), protective caps shall
be used to cover the waveguide ports.

4.7.27 Post electrical tests, environmental. Following the environmental tests,

t#~~~f~p~~?f?~~ f~”~f~~~~;~f~’withsta”d!ng voltage, isolation, VSMR, fnsertio” loss,
operattn and holding currents, rotor notfon delay

and swftching time shall be ❑easured as specified in 4.7.4 through 4.7.9 and 4.7.11
through 4.7. i4, respectively.

5. PACKAGING

5.1 Preservation. Preserva

5. 1.1 Level A.

5. 1.1.1
NIL-P-116,

5.1.1.2

5.1. 1.3

5. 1.1.4
accordance

ion shall be level A or C, as specified (see 6.2).

tleantng. Uaveguide switches shall be cleaned in accordance with
process C-1.

EYL!9. Wavegufde switches shall be dried in accordance with 141 L-P-116.

Preservative app lfcation. Contact preservatives shall not be used.

Unft packs. ‘davegufde swftches shall be individually unit packed in
with submethod I1e of 141 L- P. 116 insuring compliance with the applicable

requirements of that specification. The container shall conforo to PPP-B-566,
PPP-S-676 or PPP-B-636. For wavegutde switches exceeding five pounds in weight, the
unit pack shall be overwrapped with kraft paper conforming to UU-P-268.

5. 1.1.5 Intermediate packs. Intermediate packs are not required.

e

5. 1.2 Level C. The level C preservation for waveguide switches shall conform to
the MI L- S~requirements for this level.
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or as specified [see 6.2).

shall be packed in wood boxes
class 2 or PPP-B-585. class 3.

5.2 Packing. Packing shall be level A, B or C,

5.2.1 Level A. The packaged waveguide switches
con formin~P-B-601, overseas type; PPP-B-621,
Closure and strapping shall be in accordance with the applicable contai; er
specification.

5. 2.2 Level B. The packaged wa~eguide switches shall be packed in fiberboard
containers conforming to PPP-B-636, class weather resistant, style optional ! special
requirements. The requirements for box closure, waterproofing and reinforcing shall
be in accordance with method Y of the PPP-B-636 appendix.

5. 2.3 Level C. The level C packing for waveguide switches shall conform to the
MI L- STO-794 requirements for this level .

5.2.4 Unitized loads. Unitized loads, commensurate with the level of packing
specified in the contract or purchase order, shall be used whenever total quantities
for shipment to one destination equal 40 cubic feet or more. Quantities less than 40
cubic feet need not be unitized. Unitized loads shall be uniform in size and
quantities to the greatest extent practicable.

5. 2.4.1 Level A. Waveguide switches, packed as specified in 5.2.1, shall be
unitized onvs in conformance with MI L- STO- 147, load type 1, wfth a wood cap
(storage aid 5) positioned over each load.

5.2.4.2 Level B. Waveguide switches, packed as specified in 5.2.2, shall be
unitized aswied in 5 .2.4.1 except that weather resistant fiberboard caps
(storage aid 4) shall be used in lieu of wood caps.

5. 2.4.3 Level C. Waveguide switches, packed as specified in 5.2.3, shall be
unitized as soeclfied in MI L- ST O-794 exce Dt that conformance to MI L- ST D-147 is not
required.

5.3 Marking-. In additfon to any special or other identification marking required
by the contract (see 6.21 each unit, and exterior container and unitized load shall ●
be marked in accordance w;th MI L- STO-129. The complete military or contractor’s type
or part number (including the FSCM), as applicable, shall be marked on all unit and
intermediate packs in accordance with the identification marking provisions of
MI L- STD-129.

5.4 General .

5. 4.1 Exterior containers. Exterior containers (see 5.2.1, 5.2.2 and 5.2.3) shall
be of a minimum tare and cube consistent with the protection required and shall
contain equal quantities of identical stock numbered items to the greatest extent
practicable.

5.4.2 Packaging inspection. The inspection of these packaging requirements shall
be in accordance with 4.6.3.

5.4.3 Army acquisitions.

5.4. 3.1 Level A packing. in addition to that specified in 5.2.1, metal strapping
shall conform to 00-S-781, type 1, finish A. When the gross weight exceeds 200 pounds
or the container length and width is 4B x 24 inches or more and the weight exceeds
100 pounds, 3 x 4 inch skids (laid flat) shall be applied in accordance with the
requirements of the container specification. If not described in the container
specification, the skids shall be applied in a manner which will adequately support
the item and facilitate the use of material handling equipment.

5. 4.3.2 Level A and B unitization. Unitization (see 5.2.4) shall be necessary
when skids are not required (see 5.cf. 3.1), when quantities per destination exceed
either a total of 250 pounds (excluding the pallet), or when the volume equals 20
cubic feet or more and the container size permits the use of one of the pallet
patterns of MI L- STO-147. A quantity of containers, packed as specified in 5.4.3.2,
except that the container strapping may be omitted, shall be placed on a pallet, load ●
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type 1, conforming to 141 L. STO-147. The pallet shall conform to NN-P-71, type IV,
using group 1 or 11 woods. The loads shall be bonded to the pallet by strapping
conforming to QQ-S.781, type I. flnfsh A. Or shrink fflm cOnformfng to L-p-378. type
Iv. Stretch wrap in accordance with !41L. STD-147 is authorized for shfpments within
the continental U.S. and for all containerized shipments.

6. NoTES

6.1 Intended use. klaveguide switches covered by thfs specification are intended
for use in wavegu me transmission lines for the switching of transmitters, receivers,
antennas, etc. , in a waveguide connected system.

6.2 Ordering data. Acqufsftfon documents should specify the following:

a. Title, number, and date of thfs specification.

b. Title, number, and date of the applicable specification sheet and part
number.

c. Levels of preservation and packing required (see 5.1 and 5.2).

d. If special or other identification marking is required (see 5.3).

‘“3Q+-%-=”
With respect to products requiring qualification, awards will

be ❑ade on y or products which are at the time set for opening of bids, qualffied
for fnclusfon in applicable qual!ficd products list, whether or not such products
have actually been so listed by that date. The attention of the contractors is
called to this requirement, and manufacturers are urged to arrange to have the
products that they propose to offer to the Federal Government tested for qualification
in order that they may be eligible to be awarded contracts for the products covered
by this specification. The activity res onslble for the qualified products list is

i’the Naval Electronic Systems Command, EL X 8111, Department of the Navy, Washington,
OC 20363 however, information pertaining to qualification of products ❑ay be obtafned
from the Oefense Electronics Supply Center (o ESC-E), Oayton, OH 45444.

6. 3.1 Copies of “Provisions Governing qualfficatton” SO-6 may be obtained upon
aPPlf Cdti On to Commanding Officer, Naval Publications and Forms Center. 58o1 labor
Avenue, Philadelphia, PA 19120.

6.4 Definitions. For the purpose of this specification, the following definitions
shall apply:

6.4.1 Oropout voltage. The dropout voltage is defined as the minimum operating
voltage at which the swftch return to the deenergized position.

6.4.2 Fail-safe switch. A fafl -safe switch is defined as a switch with an actuator
that contains a spring return ❑echanism that provides RF connection to one selected
position when no dc or ac voltage is c.ppl iad to the switch. This type of switch
requires continuous voltage to ❑aintain RF connection to any other position.

6.4.3 Ho Id{nq current. The holding currant is defined as the current required to
hold the switch in position after the RF contacts have completely transferred.

6.4.4 Indicating circuit. An {ndicatfng circuit is a circuit that remotely
indicates the switch positron. This is normally done with indicator lights. The
indicating circuit is a set of contacts that is controlled by the same shaft as the
RF switch.

6.4.5 Latchinq switch. A latching switch is defined as a switch that contains a
mechanism, either mechan~cal or magnetic, that will ❑aintain a chosen RF position.
This is with or without voltage betng maintained after the swftching action is
conpleted.

6.4.6 Pull-in voltage. The pull-in. voltage is defined as the ❑inimum operating
voltage at which th e swftch contacts assune the energized position.

6.4.7 Rotor ❑otion dela~. The rotor ❑otion delay Is defined as the time between
application of the switchi ng voltage and the beginning of rotor ❑otion.
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6.4.8 Sw!tching time. The switching time is defined as beginning when the dc
operating voltage is ffrst applied and ending when the switch RF signal reaches its ●
steady-state value. Switching time consists of the following time elements:

a. Inductive delay time in the actuator coil .

b. Transfer time of the RF contacts.

c. Bounce time of the RF contacts.

6.4.9 Transfer switch. A transfer switch is defined as a switch with four-port
and provides two independent pairs of RF paths. These pairs are actuated
simultaneously.

6.4.10 Opera tinq current. The operating current is that current required for
satisfactorily opera tfon of the switch. The value of the current is normally
specified for operation at room ambient temperature.

6.4.11 Interlock circuits. .4 interlock circuit is design into a latching type of
switch. The switch will remain in the last position, until the switch ts re -
energized.

6.5 Occupation Safety and Health Administration (O SHA). OSHA review completed; no
further review required.

6.6 Changes from previous issue. Asterisks are not used in this revision to
identify changes with respect to the previous issue due to the extensiveness of the
changes.

Custodians:
Army - ER
Navy - EC
Air Force L 85

Review activities:
Army - Ml, SM
Navy - OS, SH
Air Force - 11, 17, 99
OLA - ES

User activities:
Army - AV
Navy - AS, MC
Air Force - 19

Agent:
OLA - ES

Preparing activity:
Navy - EC

(Project 5985-0975)
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o APPENDIX

GROUP QUALIFICATION

10 SCOPE

10.1 g. Thfs appendix provfdes manufacturers a grouping that can be used to
obtain qualification for a number of Items by qualifying one item fn a group. The
grouping shall be tn accordance with the following table. Manufacturers ❑ay qualify
at a lower frequency range than listed in the table. Thfs wI1l qualify switches with
the stated characteristics in a group from this frequency range down to the lowest
frequency range specified.

10.2 Group qualification. Group qualification of switches having requirements for
interlock circuit, rotor motion delay, transient interference, RF enargy leakage,
pressure, explosion or salt spray is not permitted unless these tests are performed
on the qualifying switch.

TABLE VI. Groupfng for qualification.

i Group
I number

11
I

I

e

I
I

!

Characteristics of
qualifying swftch

Rectangular wavegu<de
Choke face
Fail-safe
With indicator
Frequency range 1 .7-2.6 GHz
Screaned
~~z;r AC energizing voltage

Rectangular wavegufde
Choke face
Fail-safe
Uith indicator
Frequency range 1 .7-2.6 GHz
Nonscreened
OC or AC energizing voltage
IP2T

Rectangular wavegu{da
Cover face
Fail-safe
‘dith indtcator
Frequency ranga 1 .7-2.6 GHz
Screened
OC or AC energizing voltage
1P2T

Rectangular waveguide
Cover face
Fail-safe
‘dfth indicator
Frequency range 1 .7-2.6 GHz
Nonscreened
~gz:r AC energizing voltage

I
Characteristics of switches qualified

/
I

Rectangular waveguide i
Choke or cover face
Fail-safe or latchfng I
with or without indfcator
Frequency range 1 .7-2.6 GHz to .32- .49 GHz I
Screened or nonscreened
OC or AC energizing voltage or ❑anual I
IPIT or 1P2T I

I
Rectangular waveguide I
Choke or cover face I
Fail-safe or latching
With or without indicator I
Frequency ranges 1 .7-2.6 GHz to .32- .49 GHz I
Unscreened I
OC or AC energizing voltage or manual I
IPIT or 1P2T

Rectangular waveguide
Cover face
Fail-safe or latching
With or without indicator
Frequency ranges 1 .7-2.6 GHz to .32-.49 GHz
Screened or nonscreened
OC or AC energizing voltage or manual
lPIT or IP2T

Rectangular wavegufde
Cover face
Fail-safe or latching
With or without indfcator
Frequency ranges 1.7-2.6 GHz to .32-.49 GHz
Nonscreenad
OC or AC energizing voltage or manual
lPIT or 1P2T
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APPENOIX

TABLE VI. Grouping for qualification - Continued.

I I
Group I Characteristics of Characteristics of switches qualified I
umber I qualifying switch

I
5 I Rectangular waveguide I Rectangular waveguide

j :g:~:lface I Cover face
I Manual

I Frequency range 1 .7-2.6 GHz I Frequency ranges 1.7.2.6 GHz to .32- .49 GHz I
I Screened ~ ;~~~ened or nonscreened
I 1P2T

I
I

6 I Rectangular waveguide I Rectangular waveguide
j ;~;;~lface I Cover face

I Manual
I Frequency range 1 .7-2.6 GHz I Frequency ranges 1.7-2.6 GHz to .32-.49 GHz I
I Nonscreened I Nonscreened
I 1P2T I 1P2T I

I I
7 I Rectangular waveguide I Rectangular waveguide !

I Choke face I Choke or cover face
I Fail-safe I Fail-safe or latching
I With indicator I kiith or without indicator
I Frequency range 1.7-2.6 GHz I Frequency ranges 1.7-2.6 GHz to .32-.49 GHz
I Screened I Screened or nonscreened
I OC or AC energizing voltage I OC or AC energizing voltage
I 2P2T I 2P2T

I I
8 I Rectangular waveguide I Rectangular waveguide

I Choke face I Choke or cover face
I Fail-safe I Fail-safe or latching
I Uith indicator I With or without indicator
I Frequency range 1.7-2.6 GHz I Frequency ranges 1.7-2.6 GHz to .32-.49 GHz
I Nonscreened I Nonscreened
~ ~;zyr AC energizing voltage ~ O&r AC energizing voltage

I I

9 I Rectangular waveguide I Rectangular waveguide
I Cover face I Cover face
I Fail-safe I Fail-safe or latching
I With indicator I With or without indicator
I Frequency range 1 .7-2.6 GHz I Frequency ranges 1.7-2.6 GHz to .32-.49 GHz
I Screened I Screened or nonscreened
I OC or AC energizing voltage I OC or AC energizing voltage
I 2P2T I 2P2T

I I
10 I Rectangular waveguide I Rectangular waveguide

I Cover face I Cover face
I Fail-safe I Fail-safe or latching
I klith indicator I Uith or without indicator
1 Frequency range 1.7-2.6 GHz I Frequency ranges 1.7-2.6 GHz to .32- .49 GHZ
I Non Screened I Nonscreened
I OC or AC energizing voltage ~ :;z:r AC energizing voltage
I 2P2T

I
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APPENOIX

TABLE VI. Groupinq for quallffcatfon - Continued.

~
Character fstfcs of

lumber I qualifying switch
I

11 I

I

I

I
I

Rectangular wavegufde
Choke face
Fail-safe
‘dith indicator
Frequency range 18-26.5 GHz
Screened
OC or AC energizing voltage
1P2T

~
I Rectangular wavegufde
I Choke face
I Fail-safe
I Uith indicator
I Frequency range 18-26.5 GHZ
I NonScreened
I OC or AC energizing voltage
I 1P2T

13 i Rectangular wavegulde
I Cover face
I Fafl-safe
I With fndicator
I Frequency range 18-26.5 GHz
I Screened
I OC or AC energizing voltage
~ 1P2T

14 i

I

I

Rectangular waveguide
Cover face
Fail-safe
Wfth indicator
Frequency range 18-26.5 GHz
Nonscreened
OC or AC energizing voltage
IP2T

15 I Rectangular waveguide
I Cover face
I Manual
I Frequency range 18-26.5 GHz
I Screened
I IP2T

16 i Rectangular wavegufde
I [over face
I Manual
I Frequency range 18-26.5 GHz
I Nonscreened
I 1P2T

Characteristics of switches qualff{ed i

Rectangular waveguide I
Choke or cover face I
Fall-safe or latching
With or wfthout fndicator I
Frequency ranges 18.26.5 GHz to 2.2-3.3 GHz I
Screened or nonscreened
OC or AC energizing voltage or ❑anual /
lPIT or IP2T !

Rectangular waveguide I
Choke or cover face I
Fafl-safe or latching I
With or without indicator
Freauency ranaes 18-26.5 GHz to 2.2-3.3 GHz I
Non;creeied -
OC or AC energizing voltage or manual /
lPIT or 1P2T I

I
I

Rectangular waveguide
Cover face I
Faf l-safe or latching
klfth or wfthout indicator I
Frequency ranges 18.26.5 GHz to 2.2-3.3 GHz I
Screened or nonscreened
OC or AC energizing voltage or ❑anual I
lPIT or IP2T

i

Rectangular waveguide
Cover face i
Fail-safe or latching I
Uith or without fndfcator I
Frequency ranges 18.26.5 GHz to 2.2.3.3 GHz I
Nonscreened
OC or AC energizing voltage or manual /
lPIT or 1P2T

1

Rectangular waveguide I
Cover face
Manual i
Frequency ranges 18-26.5 GHz to 2.2-3.3 GHz I
Screened or nonscreened I
1P2T I

Rectangular waveguide I
Cover face I
N.inu.31 I
Frequency ranges 18-26.5 GHz to 2.2-3.3 GHz ~
Nonscreened
1P2T I
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APPENOIX

i Group
I number
I

I 17

I

I

I

I

I

I 19

I

I 20

I

I

I

TABLE Vi. ~roupinq for qualification - Continued.

Characteristics of
qualifying switch

Rectangular waveguide
Choke face
Fail-safe
With indicator
Frequency range lB-26.5 GHz
Screened
OC or AC energizing voltage
2P2T

Rectangular waveguide
Choke face
Fail-safe
With indicator
Freauenc.y ranae 18-26.5 GHz
Nons’cree~ed -
0C2~r AC energizing voltage

Rectangular waveguide
Cover face
Fail-safe
Nith indicator
Frequency range 18-26.5 GHz
Screened
OC or AC energizing voltage
2P2T

Rectangular waveguide
Cover face
Fail-safe
With indicator
Frequency range 18-26.5 GHz
Nonscreened
OC or AC energizing voltage
2P2T

Rectangular waveguide
Choke or contact face
Fail-safe
With indicator
Frequency range 220-325 GHz
Screened
~~z~r AC energizing voltage

Rectangular waveguide
Choke or contact face
Fail-safe
With indicator
Frequency range 220-325 GHz
Nonscreened
OC or AC energizing voltage
1P2T

Characteristics of switches aualified

Rectangular waveguide
Choke or cover face
Fail-safe or latching
With or without indicator
Frequency ranges lB-26.5 GHz to 2.2-3.3 GHz
Screened or nonscreened
OC or AC energizing voltage or manual
2P2T

Rectangular waveguide
Choke or cover face
Fail-safe or latching
With or without indicator
Frequency ranges 18-26.5 GHz to 2. 2-3.3 GHz
Nonscreened
OC or AC energizing voltage or manual
2P2T

Rectangular waveguide
Cover face
Fail-safe or latching
Uith or without indicator
Frequency ranges 18-26.5 GHz to 2. 2-3.3 GHz
Screened or nonscreened
OC or AC energizing voltage or manual
2P2T

Rectangular waveguide
Cover face
Fail-safe or latching
With or without indicator
Frequency ranges lB.26.5 GHz to 2.2-3.3 GHz
Nonscreened
~;z:r AC energizing voltage

Rectangular waveguide
Choke, cover, or contact face
Fail-safe or latching
With or without indicator
Freauency ranqes 220-325 GHz to 22-33 GHz
Screened- or ninscreened
OC or AC energizing voltage or manual
1P2T or lPIT

Rectangular waveguide
Choke, contact, or cover face
Fail-safe or latching
With or without indicator
Frequency ranges 220-325 GHz to 22-33 GHz
Nonscreened
OC or AC energizing voltage or manual
lPIT OF 1P2T

●

o

●
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APPENOIX

TABLE V1. Grouping for qualiffcc. tion - Contfnued.

I I
Characteristics of Characteristics of switches qualified
qualtfyfng switch i /

I
I

Rectangular waveguide I
Cover or contact face
Fail-safe I
Mith indicator
Frequency range 220-325 GHz I
Screened
OC or AC energizing voltage I
1P2T I

t

Rectangular waveguide I
Cover or contact face
Fail-safe or latching I
With or without indicator
Frequency ranges 220-325 GHz to 22-33 GHz I
Screened or nonscreened
OC or AC energizing voltage or manual
lPIT or 1P2T ~

Rectangular waveguide i Rectangular waveguide I
Cover or contact face I Cover or contact face
Fail-safe I Fail-safe or latching i
‘dfth {ndicator I With or without indicator I
Frequency range 220-325 GHz I Frequency ranges 220-325 GHz to 22-33 GHz I
Nonscreened I NonScreened
;jz;r AC energizing voltage I OC or AC energizing voltage or ❑anual

f lPIT Or 1P2T i

Rectangular waveguide i Rectangular waveguide I
Cover or contact face ~ ;j:j;lor contact face
Hanual I
Frequency range 220-325 GHz I Frequency ranges 220-325 GHz to 22-33 GHz I
Screened I Screened or nonscreened
1P2T 1 1P2T I

Rectangular waveguide I Rectangular wc. veguide
Cover or contact face ~ ~g;;;lor contact face i
Manual
Frequency range 220-325 GHz I Frequency ranges 220-325 GHz to 22-33 GHz
Nonscreened I Nonscreened /
1P2T I 1P2T I

Rectangular waveguide i
Choke or contact face
Fail-safe I
Hfth indicator I
Frequency range 220-325 GHz I
Screened
OC or AC energizing voltage /
2P2T

Rectangular waveguide I
Choke, contact, or cover faCe I
Fail-safe or latching
Ufth or without indicator I
Frequancy ranges 220-325 GHz to 22-33 GHz I
Screened or nonscreaned I
;;z:r AC energizing voltage

/
!,

I i
Rectangular waveguide I Rectangular wavegufde
Choke or contact face I Choke, contact, or cover faCe

iFail-safe I Fall-safe or latching
Uith indicator I Ulth or without indicator I
Frequency range 220-325 GHz I Frequency ranges 220-325 GHz to 22-33 GNz I
Nonscreened i NonScreened I
DC or AC energizing voltage ~ ~fz~r AC energizing voltage
2P2T !
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APPENOIX
,

TABLE VI. Grouping for qualification - Continued.

,
i Group i Characteristics of
Inumber ~ qualifying switch

j 29 i Rectangular waveguide
I Cover or contact face
I Fail-safe
I With indicator
I Frequency range 220-325 GHz
I Screened
I OC or AC energizing voltage
1 2P2T

1 I
,

I

Rectangular waveguide
Cover or contact face
Fail-safe
With indicator
Frequency range 220-325 GHz
Nonscreened
OC or AC energizing voltage
2P2T

Characteristics of switches qualified

Rectangular waveguide
Cover or contact face
Fail-safe or latching
14ith or without indicator
Frequency ranges 220-325 GHz to 22-33 GHz
Screened or nonscreened
OC or AC energizing voltage
2P2T

Rectangular waveguide
Cover or contact face
Fail-safe or latching
Uith or without indicator
Frequency range 220-325 GHz to 22-33 GHz
Nonscreened
OC or AC energizing voltage
2P2T

i 31 i Oouble ridge waveguide
I 2.4:1 ratio
I Fail-safe
I With indicator
I Frequency range 18-40 GHz
I Screened
j ~;z:r AC energizing voltage

i32i

k——l—

Oouble ridge waveguide
2.4:1 ratio
Fail-safe
14ith indicator
Frequency range 18-40 GHz
Nonscreened
OC or AC energizing voltage
1P2T

i 33 i Oouble ridge waveguide
I 2.4:1 ratio

I I Fail-safe
I Hith indicator

I I Frequency range 1.5-3.6 GHz
I Screened

I I OC or AC energizing voltage
I 1P2T

I
t ,
i34i

I

Oouble ridge waveguide
2.4:1 ratio
Fail-safe
!4ith indicator
Frequency range 1.5-3.6 GHz
Nonscreened
OC or AC energizing voltage
1P2T

Oouble or single ridge waveguide
2.4:1 or 3.6:1 ratio
Fail-safe or latching
With or without indicator
Frequency ranges 18-40 GHz to 1.4-5.0 GHz
Screened or nonscreened
OC or AC energizing voltage or manual
lPIT or 1P2T

Oouble or single ridge waveguide
2.4:1 or 3.6:1 ratio
Fail-safe or latching
Uith or without indicator
Frequency ranges 18-40 GHz to 1.4-5.0 GHz
Nonscreened
OC or AC energizing voltage or manual
lPIT or 1P2T

Oouble or single ridge waveguide
2.4:1 or 3.6:1 ratio
Fail-safe or latching
h’ith or without indicator
Frequency ranges 1. 5-3.6 GHz to .108- .39 GHz
Screened or nonscreened
OC or AC energizing voltage or manual
lPIT or 1P2T

Oouble or single ridge waveguide
2.4:1 or 3.6:1 ratio
Fail-safe or latching
Uith or without indicator
Frequency ranges 1 .5-3.6 GHz to .108- .39 GHz
Nonscreened
OC or AC energizing voltage or manual
lPIT or 1P2T

●
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APPENOIX

TA8Lf VI. Grouping for qualification - Continued

Characteristics of
qualifying switch

Double rfdge waveguide
2.4:1 ratio
Manual
Frequency range 18-40 GHz
Screened
1P2T

Oouble ridge waveguide
2.4:1 ratio
f4dnual
Frequency range 18-40 GHz
Nonscreened
1P2T

Oouble ridge wavegufde
2.4:1 ratio
Manual
Frequency range 1.5-3.6 GHz
Screened
1P2T

Oouble ridge wavegufde
2.4:1 ratfo
Manual
Frequency range 1 .5-3.6 GHz
Nonscreened
IP2T

Oouble ridge waveguide
2.4:1 ratio
Fail-safe
With indicator
Frequency range 18-40 GHz
Screened
OC or AC energizing voltage
2P2T

Oouble ridge wavegu$de
2.4:1 ratio
Fail-safe
With indicator
Frequency range 18-40 GHz
Nonscreened
OC or AC energizing voltage
2P2T

!ouble ridge waveguide
2.4:1 ratfo
‘ail-safe
iith indicator
‘requency range 1 .5-3.6 GHz
Screened
)C or AC energizing voltage
lP2T

Characteristics of switches qualified
i
i

Oouble or single ridge waveguide /
2.4:1 or 3.6:1 ratio I
Manual I
Frequency ranges 18.40 GHz to 1.4-5.0 GHz I
Screened or nonscreened I
1P2T

i
Oouble or single ridge waveguide I
2.4:1 or 3.6:1 ratfo
Nanual I
Frequency ranges 18.40 GHz to 1.4.5.0 GHz I
Nonscreened I
IP2T

Oouble or single ridge waveguide i
2.4:1 or 3.6:1 ratio
Manual I
Frequency ranges 1.5.3.6 GHz to .108- .39 GHz I
Screened or nonscreened
1P2T /

Oouble or single rfdge waveguide i
2.4:1 or 3.6:1 ratio
Manual I
Frequency ranges 1 .5.3.6 GHz to .108- .39 GHz I
Nonscreened
1P2T /

Oouble or single ridge waveguide i
2.4:1 or 3.6:1 ratio
Fail-safe or latchfng
With or without indicator i
Frequency ranges 18-40 GHz to 1 .4-5.0 GHz ~
Screened or nonscreened
OC or AC energizing voltage
2P2T /

Oouble or sin le ridge waveguide
2.4:1 or 3.6:! ratio

i
I

Fail-safe or latching I
W{th or w{thout fndfcator
Frequency ranges 18-40 GHz to 1 .4-5.0 GHz i
Nonscreened
~jz;r AC energizing voltage /

I

Oouble or single ridge waveguide i
2.4:1 or 3.6:1 ratio
Fail-safe or latching i
Uith or without indfcator
Frequency ranges 1 .5-3.6 GHz to .108- .39 GHz I
Screened or nonscreened
2C or AC energizing voltage /
2P2T I
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MI L- S-55041C

APPENDIX

TABLE VI, Grouping for qualification - Contfnued.

I Grou P I c haracteristics of I c I
I number I

haracterlstics of switches qual ifled
qualifying switch

i I
I I
i 42 i Oouble ridge waveguide I Double or single ridge waveguide I

I 2.4:1 ratio I 2.4:1 ratio
I Fail-safe I Fail-safe or latching I
I With indicator
I Frequency range 1.5-3.6 GHz

I with or without indicator
I Frequency ranges 1.5-3.6 GHz to .108- .39 GHz~

I Nonscreened I Nonscreened
I OC or AC energizing voltage ~ iJJ2~r AC energizing voltage

/
I

I 2P2T
I I

●

*“.S . . . . ..” M.VT ..,.,,.. ..,, =., ,,,..,., <..,..,,.
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