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This: speciflcatIon 1S approved’forhuse b

»i
‘thé - Naval Electronic Systems Command, Department
partments and Agencies of the Department of Defense.

1.1 Scope. This specification covers the requirements and tests for the production of the
wmpedance matching, balanced to unbalanced {balun) transformer, hereinafter referred to as the
transformer. The transformer provides efficient transfer of high power radio freguency (RF)
energy in the high frequency (HF) range (2 megahertz (MHz) to 30 MHz) between an unbalanced con-

-~ centrics 50-ohm (coaxna]) transmission 1ine*and a balanced antenna.

1.2 Classification. The transformer shall be of the following types and power ratings, as

_ specified (see -2).

PENET E - -
B =7 A

" Type’I - 50 ohms primary ifipeddnce unbalanced, 200 ohms “secondary dmpedance balanced

Type 11
Type 111
: *  power 'l
Power 2.5
Power 5
Power 7.5
Power 10
Power 20
Power 25
Power 50

10 kW
20 kw
25 kW
50 kW

2. APPLICABLE DOCUMENTS

21 Government documents.

2.1.1 Specificatyons,

50 ohms primary impedance unbalanced, 300 ohms "secondary impedance balanced
50 ohms primary impedance unbalanced, 600 ohms secondary impedance balanced
1.0 kilowatt (kw)=average, 2 kW peak envelope power (PEP)-

2.5 kW average, 5+kW PEP
5.0 kW average, 10 kW PEP
7 5 ki average, 15 kW PEP
average, 20 kW PEP
average, 40 kW PEP
average, 50 kW PEF
average, 100 kW PEP
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standards, and handbooks. Unless otherwise specified, the following

specifications, standards, and handbooks’ of the 1ssue 1isted in that issue of the Department of
Defense Index of Specifications and Standards (DoDISS) specified in the solicitation form a part
of this specification to the extent specified herein.

SPECIFICATIONS
" FEDERAL
. VV-1-530

JTITARY

-

i

. T iMIL-1210
¢+« MIL-C-3650
MIL-B-7883
MIL-C-16173
MIL-E-16400
- ' MIL-E-17555

*MIL-F-17655

il

Insulfting 0i1, Electrical (For Transformers, Switches, And
Circhit’ Breakers)

"% T ot

Insudatsing Compound Electr1cal Ceramic, Class L
Gonnectons, Coaxial, Radio Frequency. Series LC

Brazing Of Steels, Copper, Copper Alloys, Nickel

Alloys, Aluminum, Aluminum Alloys

Corros10n Prevent ive Compound Solvent Cutback Cold-
App!'icat fon v et

Electronic, Interior Communication And Navigation Equipment,
Naval Ship And Shore: General Specification For

E?EE%ronic And Electrital ‘Equipment] Accessories, And

* ’Repair Parts; PackagingzAnd -Packing Of

5Fieﬂ3*€h%ﬁ§e§“hnd Field Change Kits; General Specification
For

= =t BALRE T -

Command (ELEX-8111

Beneficial comments (recommendationsfiadd1£¥onsﬁ deletions) and any pertinent data which may be

of use "wnsimproving this document shouldpbe-addressed to: Commander, Maval Electronic Systems
? DC 20363 by using the self- addressed Standardization Document

Improvement Proposal (DD Form 1426) appearing at the end of this document, or by letter

Washington,

FSC 5950
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STANDARDS
MILITARY
MIL-STD-105 -Sampling Procedures, And Tables For Inspection By Attributes
MIL-STD-109 Quality Assurance Térms And Definitions
MIL-STD-454 Standard General Requirements For Electronic Equipment
MIL-STD-471 Maintainaby11ity Verification/Demonstration/Evaluation
MIL-5TD-810 - Envirgnmental Test Methods-And Engineering Guidelines
MIL-STD-1387 - Procedures For Submbﬂsion of App\ication ‘For Approval Of
Non-St andard General Purpose “Electronic Test Equipment
MS 91610 Connector, Receptacle, Electrical, Serfes LC, WG-352B/U
HANDBOOK
MILITARY B
MIL-HDBK-419 Grounding, Bonding, And Shielding For Electronic Equipments

And Facilities

{Copies of specifications, stendards, and handbooks required by manufacturers in connection
with specific acquisition functions should be obtained from the contracting activity or as
directed by the contracting off1cer )

2.1 2 Other Government pubiicatlon. The following other Government publication forms a
part of this specification to the extent specified herein.

PUBLICATION
FEDERAL COMMUNICATIONS COMMISSION (FCC) - %

Rules and Regulations, -
Part 15 Rad1o Frequency Seryices

(Application for copies should be addressed to Superintendent. of Documents US Government
Printing Office, Washington, DC 20402.)

2.1.3 Order of precedence. In the event of a conflict- between “the-text of this specifi-
cation and the references cited herein; the text of this specification shall take precedence.

3. REQUIREMENTS

3.1 General, The transformer shall be n accordance with MIL-E-16400, to the extent
spec1fied herein.

3.1.1 First article When specified, @ sample shall be subjected to first article inspection
{see 4.3 and

3.1.2 Transformer description. The transformer shall be designed for broadband operation,
The transformer shall be suitable for matching the characteristic impedance of HF antennas without
adjustment. The transformer shall be complete and-ready to install. The transformer shall be
mounted exposed to the weather and shall provide the interface coupling between the unbalanced
50-ohm output of an RF transmitter and the balsnced input of an antenna.

3.1.3 Parts, materisls, and’ processes. Parts, materials, and processes shall be as
specified in 3.1.3.1 through 3.1.3.3.

3.1:3.1 Parts. Parts shall bencleaned after fabrication n accordance with good
commercial practice. The cleaning process shall have no deleterious effect. Corrosive material
shall be removed completely before parts are mounted. A1) parts shall be new.

3.1.3.2 Materials. Unless_otherwise specified herein, materials_shall conform to the é

Materials paragraph of MIL-E-16400. Q}lgmater1als shall-bé new. Fiberglass shall not be used.

Materials that are capable of producing “dangerous gases or other harmful toxic effects under
conditions of internal arcing, lightning, or fire shall not be used.



. <’ e - e e e e e o

MIL-T-28732C(EC) ' |

3.1.3.2.1 Dissimilar metals. "Unless-protected against electrolytic corrosion, dissimlar
metals as-specified In MIL-E-16400 under conditions for equipment exposed to.salt spray, shall
not be used® in intimate contact with-each other. Where it {s necessary that dissimilar metals
be assembﬂed together, approval is required fromzihe %?ocuring act1vity

e 1

-?,_a.“ %Tw L

3.1.3.2.2 Brittle materials. Castings or—partaﬁmade of ceramic. or othey britt]e material
shall not be over-constrained Dy the means -used-to- Secure them. Mating surfaces. “shall be-~
accurately machined to ensure 360 dégree contact between the brittle material and the other
surface. Mounting washers of suitable plastic with Jong-~1ife characteristics or soft metal
having slight compressibility sha]l be provided to prevent breakage or cracking of the parts.
Lead washers shall not be used. ) K

i,

3.1.3.2.3 “Arc-resistant materials. Arc-resistant materials in aceordance with Require-
ment 26 of MIL-STD-454 shall be used for insulating purposes.

-Ow L

3. 1 373 Processes. Unless otherwise specified herein, processes sha]] be 1n accordance
with the“Proce§§€s paragraph of MIL-E- 16400. Laminar X-500 may be used in T1eu of the paint-
1ng specified*in MIL-E-16400. - -

hd +

3.124 Electrical desygn. Electrical design shall be as specified v 3.1.4.1 _through _
3.1.4.2. ‘ -

w

Fi

3. 1.4.1 Wiring and cabling. Internal wiring and cabling sha11 be designed so that inter-
mittent contact, vibration, and internal part movements will not occur, and lmpair performance.

.i‘h_ z
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3.1.4.1.1 Protection. Wires and cables sha]] be placed and protected“to avord rough or
irregular surfacés or sharp- edges that could contribute to corona or arc and deterroration.
Where wires and cable$ are held in- place_ by metal partitions, shields, 1nsulators or similar
1tems, wires and cables shall be: protected by grommets or bushings. Transformer design shall
preclude damage to cabling during conditions of assembly, removal,- 1nsert\on and tiiting of
equipment . -

3.1.4.2 Grounding. Grounding shall be in accordance with MIL-HDBK-419. An external
grounding term1na| sﬁai1 be provided on the transformer. The ground -terminal shail be at least
a 0.9525 centimeter (cm) (0.375 inch (in )) dismeter threaded stud plus atfaching hardware. o

3.1.5- Mechanical design. Mechanical design shall be as specified in3.1.5.1 through
3.1.5.7. .. :

1 3
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3.1.5.1 Construction, welowng, and so\dering, The transformer;shallfconform to the
requirements of. MIL-E-16400 regarding construction, rounded corners-and edges, welding, attach-
ment of wire and leads, and soldering. -

’i% =
3. 1 5.2 Brazing Brazing of steed copper alloys, and nickel alloys shall conform to
MIL-B-7883. ~ n«;ﬁaa
:E i — ¥
3.1.5.3 sEnclaosure materral. The_enc.uosure shall be constructed entarely of aluminum,
either cast or welded, in accordance with MIL-E-16400.

T 3.1, 5 4 Dril]ing. Holes shall be cleanly drilled and burrs removed.

ey

3.1. 5 5 Riveting. wRiveting shall=not be used for mount ing parts.

3.1.5.6 Securingﬁof ‘parts. - Brackets, lugs“ flanges, inserts, bolts and other mounting
hardware "or -accessories shall be such as to retain items securely when subgected to specified
servViice conditions. Pants shall be mounted:so that loosening, wear of mounting arrangements,
or permanent separation of parts will not occur_when the items iniwhidch: they are used are
subjected to specified service shipniént , - and- tnstallation handling conditaons. Frictyon
between mating surfaces shall not be employed as the sdle means of preventing movement of fixed
ports; parts shall be secured In such a manner that fatlure of a2 single screw will not free the
part completely.
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3.1.5.7 Gaskets. Gaskets shall be .in accordance- with MIL-E~16400

3.1.6 Thermal design.- Thermal design shall be:in accordance with the Thermal design
paragraph of MIL-E-16400 and shall conférm to the’ envaronmental- copd1tions ‘of 3.3. f the
transformer 1§ 011 -cooled,ithe contractor shall design the transformér so that under .worst
electrical and environmental cond1tlons (see 4.575.2), the oil-coolant temperature in the
enclosure shall remain equal to or below 105’ Celsius (C): This is required 1n order to ensure
that the flash point temperatgre of the oil 1s not approached.

1 _ _ =

3.1.6.1 Coolant. Coolant dielectric fluid or 1nsu1ating_oj1 shall be in accordance with
VV-1-530. The transformer shall be complete with the proper amount of coolant needed for
specified operation to one-ha1f;qu§rt.

3.2 Detailed requirements. Detailed regquirements shall be as specified in 3.2.1 through
3.2.3.5. s -

2.1 Weight and dimension. The overa]] weight and dimensioh of the _transformer shall
be an absolufe minimum commensurate with good engineering practice. Transformers of dimensions
which appear 1iftable and over 15.88 kilograms (kg) (35 pounds (1bs)) shall be labeled.

3.2.2 Electrical requirements, FElectrical requirements shal) be as specified 1n 3,2.2.1
through 3.2.72.10.

3.2.2.1 Fregueﬁc} range. The frequency range of the transformer shall be a minimum of
2 MHz to a maximum of 30 MHz. A1l other electrical requirements shall apply for all freguencies
in this range.

3.2.2.2 Power. The transformer shall be capable of s1mu1taneous1y and continuously .
transmitting a Torward power of at least the average and PEP, as specified (see I, 2). AN %

other electrical requirements shall apply for any power level up to and including the maximum
power rating.

3.2.2.3 Efficiency.- The power transmission efficiency of the transformer shall be
97 percent or better

3.2.2 4 Matching. The transformer shall be capable of matching a balanced secondary
load to the 50-ohm ungéﬂénced primary load (see 1.2).

3.2.2.5 _Insertion voltage standing wave ratio (VSWR). The insertion VSWR shall not
exceed 1.3:1 with respect to 50 ohms for transformers of Power 1. The insertion VSWR shall
not exceed 1.2:1 for all other transformers.

St _

3.2.2.6 Unbalance. The output power transmitted theough the transformer shall be balanced
with respect to “volltage- and.current to within 5 percent when operating into a balanced load
and to within 30 percent when operating into a load with 25 percent impedance unbalanced with
respect to ground (see 4.6.2.1.1).

3.2.2.7 Load. The transformer shaly not have the power hagdiing cepability degraded
when terminated with any load that has -a VSWR of up to 2.5:]1 with respect to nominal output

=L

impedance and an-unbalance of up to 25 percent with respect to ground:

Spur:ious, ﬁ;equencwes Spurious frequenc1e5 generatedin the: transformer as a
re5u1t of sxgnai distortion, or othercauses, -shall not ,exceed a power level 60 decibels below
full power rating: This. level shall be as measured at the output of the transformer with any
load with VSWR:of -up.to:2.5:1 and unba1anced up:to-25.percent with respect to ground.

R Y o T L
3.2.2.9 Li’ht@in -pr.ot ction The transformer shall. be pr0vided ‘with spark gap to ground
type lightning protection_for output terminals. The gaps shall effectively bypass

0
11ghtning strokes having the successive current components spec1fied in a through c.
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L. 3. 2 2.9.2 " Regairabi11t! The' spark gaps shall be installed on the outside of the trans-

™
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a. An initial component rising from zero to a crest value of 100,000 amperes (A) in
5 microseconds (ps) -and.decaying to 50,000 A in 10 ps from the beginning of the current and immed-
iately followed by.

b. A second component rising to 2000 A within 5 milliseconds from the beginning of
the first_component and with a total charge transfer in excess of 20 coulombs, and immediately
followed by.

- ¢. A third component consisting of 2 charge of at least 200 “coulombs having 2
duration of 2 seconds or less . .
3.2.2.9.1 Repeated operation. The spark gaps shal] be capable of bypassing six lightning

strokes, each stroke “comprised of the_ current components specified in 3.2.2.9 with no more than
20 percent change in the voltage reqiired for gap breakdown. Twelve such strokes shall be by-
passed uithout fa\lure of . spark gap components or any other components in the transformer.._

4

former 1n such 2 way that they can be easily -inspected and replaced where the transformer
is mounted. Spark gaps shal) be held in plaée by either clamps or bdlts. Gap separation g hall

not be subject to change due to thermal’expans1on or rotation at pornt of connection to the
transformer. No part of the transformer enhclosure shall be degraded pitted, or otherwise
damaged by operation of the gaps. LT X

- P

- L
73.2.7.93 Voltage. . The_spark gap shall be set to arc at 2 voltage so-that when 119htn1ng
strikes and couses -arc ng and maximum rated RF power is being spplied at any frequency in the

specified band, arcing shali not b€ sustained by the applied RF. The voitage shall be the
lovest possible voltage that can be used with the specified power rating -

-IE.

- 3.2.2.9.4 Interior arcing. The transformer shall not be damaged uhen operating at full
power and both output terminal spark gaps are arced and currents flow as specified wn 3.2.2.9.

3.2.2.10 Electromagnetic interference. In addition to the conductedsspurious requ1re-
ments of 3.2.2.8, the trensformer shall be designed to preclude radiation other than a5’
intended for operation, so as to comply with Part 15 of the FCC Rules and Regulations for
restricted radiation devices as specified therein.

~ 3.2.3 Mechanical requirements. Mechanical requirements shall be as specified n 3.2.3.1
through 3.2.3.5. - = -

3.2.3.1 Connectors. Connectors shall be as specified in 3.2.3.1.1 throuéh 3.2.3.1.4.

3.2.3.1.1 lnput connectors. The input connectors {unbalanced side) of the transformer
shall be»pf the gas- barrier type and_shall be capable of sustaining 21,;093.0 kg per square meter

(kg/m ) (30 pounds per square inch (psi)) gas pressure. For Power 1, the>input connectors

shall be a female Type LC in accordance with MIL-C-3650, MS 91610; for powers 2.5, 5, 7.5, and 10,
the nput connectors shall be a 4.13 cm (1.625 1n.} EIA coaxial flange, and for Powers 20, 25,

and 507 the 1nput connectors shall be a 7.94 cm (3.125 in.) EIA coaxial flange. The 1nput con-
nectors "EIA shall_ be capable of sustaining the mechanica) stresses specifted in a through ¢ for
indef inite periods of tige without 1oosening of parts, deformations, breakage or developing of
leaks.

< Axial pul) andepush Bending moment,
R ow- =

a. Power 1: . 18.144 kg (40 1bs) 0.6915 ki\ogram—meter (kg-m)
N - (5 foot-pounds {(ft- lbs?

- e

b. Powers 2.5, 5,

7.5, and 10. 45.36 kg (100 1bs) 2 0745 kg-m (15 ft-1bs)
. -c. Powers 20, 25,
. _ _ and §0° - .e 136.08 kg (300 lbs) 4.149 kg-m (30 ft-1bs)

- . st
s

3.2.3.1.2 yﬁdiput connectors. The output connectors {balanced side) of the transformer shall

be in the form of two glazed ceramic feed-through insulators. The insulators: shall be alumina
ceramic Grade L 624 in accordance with MIL-I1-10  The through-bolt stud used with the output
dnsu1atorushal1 be‘O 9525 cm (0.375 .in.) in diameter, hermetically sealedto the insulator, and
threaded with 0.9525 cm {0.375 fn.) by 24 threads, 1.905 cm (0.75 in. ) long. The connectors

+shall be complete with 2 nut and washer” for the thrOugh -bolts.

- A ]

3w ""E’i

3.2.3.1.2.1 lnsu\ator terminals.  Output terminals-on the insulators shall be.capable of
holding Number 6 wire of either copper or aluminum- as-specified (see 6. 19), without dissimilar
metal problems. In the event that encapsulation of the terminal after connection of the wire 1s
required, encapsulating materials shall be supplied and shall be in accordance with MIL-C-16173.
The output connectors shall be capable of sustaining the mechanical stresses specified in a through
¢ for indefinite periods of time without loosening of parts, deformations, failures, or developing
of leaks.
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8. Power 1°

b. Powers 2.5, 5,
and 7.5:

c. Powers 10, 20,
25, and 50:

The output connectors shall sustain, wit

MIL-T-28732C(EC)

Ax1al pull and push Bendng momen;
9.072 kg (20 1bs) 0.4159 kg-m {3 ft-1bs)
22.68 kg {50 1bs) 1.383 kg-m (20 ft-1bs)

45.36 kg (100 1bs) 2.0745 kg-m (15 ft-lbs)

kout damage, al) electrical- stresses created by the

specified operation of the transformer uader all environmenta\ condttions in 3.3.

3.2.3.1.3 Connector:locstions. Fo

v a transferwer of Powerwr the- input connector shall be

Yocated on the botlom of the”transformer enclosure pointing vertical)y downward with“the output
connectors located on the top. ‘The-output connector, cénters shall be a-minimum of 5.08 em (2 in.)

apart. For all other tnansformers the
enclosure facing vertically d doanwards.

input connector shalﬂ te -at- the bottom of the transformer
The output connectors shé} T be-located on the side of the

transformer opposite the mounting hardware. Transformer enclosurés, except those of Power 1, shall

be such that when they are set on their

fece it is set upon. s

3.2.3.1.4 OQutput termiﬁolfstrain r

bettoms the input connector does not touch the flat sur-

eliefs. Except forﬁgronsformers of Powers 1 and 2.5, the

transformer shall have a mechan{cal straia relief located on thé ocutside of the enclaosure obove
each output connector. The two stfain reliefs shall be complete with insulated extension rods with
hardware, so that they can be_used to relieve a1l mechanical strain-from & two-wire transmission

Tine connected to the output terminals

Each strawn relref assembiy shall be capable of sustaining

at least 2 136.08 kg (300 lbs) pull in any direction without being damaged. Design of the strain

relief assembly shall be such that when
1ine confiected to the input terminals, t
normal operation of the transformer nor
tect ion.

the straim relief assembly 1s secured to the transmission
he strain relief assembly will in no way interfere with
will 1t interfere with the transformer's lightning pro-

3.2.3.2 Mountin The transfgrmer shall have hardware on one side of the enclosure for o
wounting. The mounﬂng hardware shall be capable of ho\ding -the_transformer enclosure against %
& downward force eguivalent to five times the transfermer's weight.— The mounting hardware shall
be made for the specific application (see 6.2).

3.2.3.3 041 level indicator. If t
shall have an o011 |evedﬂ3naicafor~ The
(1.5 in.) wide by 7.62 cm {3 in.) high t

he transformer has an o011=f1lled enclosure, the enclosure
oil level indicator shall be in the form of 3 3.81 cm
Fansparent window:with a hoFizontally inscribed line

across the middle to coincide with minimum acceptable oil level for the specified operation. The
window shall be located on the side of the enclosure in such 2 position that mounting the trans-

former will not obscure it.

0
1

3.2.3.4 Air cushion. ﬁlf the transformer has an oil- fiT\ gd-ent losure, the transformer shall

be designed so that the enclosure must only be partially fiTle

the enclosyre is filled to the correct 1
there shall be an air pocket at the top.

ith-oil for proper cooling. wnen
evel with oi) and 211 access Covers and liwds are closed,
The air pocket shall be capable of absorbing or cushioning

any expansion of the coolant or any inéredse 1 interior pressure brought on by normal operation
of the transformer. Interior pressure shall not rise in excess of 7031 kg/m (10 pounds per

square inch gage (psig)) when operating
conditions specified herein,

under any combination of -electrical and environmental

3.2.3.5 Pressure. If the transformer has an otls filled enc105ure the enclosure shall be

-capable of withstanding an interior pres
definite period of time. This pressure

sure of at 1eost 21, 093 .0 kg/m {30 psig) for an n-
shall not cause the enclosure to leak, rupture, explode,

or be bent’out of shape when operating under any combination of electrical and environmental

conditions specified ‘herein.

s wFaFa oz F

- ST

v

3.3 Envirommental éonditions. The transformer shiall: besdesigned for contiduous relisble
operat ion under temperature, humidity, wind Speed,” sa)t¥spray,; and dcing condit\ons for Range 1

equipments as specified in MIL-£-16400,

extept that the upper temperature operating limit shall

be 71°C in 1iey of GS-G When subjected to the nonoperating temperature limit, the transformer

shall not be damaged ‘nor its performance degraded.

4



L)

" MIL-T-28732C(EC)

3.3.1 Shock and vibration., The- transformer _shall-withstand transit, loading, and unloading
shocks and vibrations due to shipment and installation handling withoubrphysica! damage or
performaiite degradation. The transformer shall be subjected to the shock tedt of MIL-STD-810,
Method 516.3, Procedure 1V. The vibration test shall be in accordance with MIL-STD-B10,
method 514.3, Procedure 1. Transportation shall be by truck, air, rail;-or ship.

3.4 Safety. Safety shall be in accordance with Requirement 1 of MIL-STD-454, and the Safety

criteria paragreph of MIL-E-16400. A . -
- - rie

3.5 Enc]osure The transformer enclosure shall withstand an interior pressure at
21,093.0 kg/m (30 psig) without deformation or physical damage.

3.5. i Leakage The enclosure 1eakagexratehsha11 not exceed 4 x 10 Cub1c cent imeters per

second (cm /s){2 .84 x 10 ~cubic in, (1n. )) at 2 préssure of 10,546 .5 kg/m (15 psig) when
messured in accordance with the test spec1f1ed ﬂn 4.5.12.

3.6 Support test instrumentation. Support test instrumentation shall be as specified n
3.6.1 and 3.56.2. <

3.6.1 Line operation and maintenance test support. For maintenance and repair procedures
,J 7 =in the technical manual, the selection of general purpose electronic test equipment (GPETE) shall
bé deteriiiined to perform the tests specified -in- 8 through c.

— . t g
Ta. Circuit performance
- T b Alignment

¢~ Fault location

, 3.6.2 GPETE. The utilization of the GPETE, not on the 1ist for support test1ng, shall be
requested n accordance with MIL-STD-1387 ] ,

3.7 bdent1f1cat1on and marking. Unless$ otherw1%e specified (see 6.2}, i1dentification and
marking shall conform to the ldentitication and Mark\ng paragraphs of MIL-E-16400.

3.8 Maintainab111tx, Ma1nta1nab1]ity shall be as .specified in 3.8.1 and 3.8.2
i i

3.8, 1~ Quant1tat1ve maintainability_ requirements. The transformer shall have an equipment
repair time (ERT) of no greater than 2°hours, when. repair is accomplished by replacement of parts
by an Electronyc Technicien 3rd Class inaa Navy Lommunitations Station. ERT includes fault
1solation, disassembly, interchange, rgagse¥bly. alignment, and checkout.

f 3.8.2 Qualitative maintainability reGuirements. The transformer shall be constructed to
provide ease of matintenance, acceS‘?bfY1ty, and replacement~of 211 parts, and shall be field-

repa1rab1e.

1 F

: 39 ’Horkmanshig workmanship shall be in accordance with MIL-E-16400.
[ GO B g

4. QUALITY ASSURANCE PROVISIONS *

4.1 |Responsxb11ity for inspection. Unless otherwise specified 1n the contract or purchase
;order, the contractor is responsibJe for the performance of all inspection requirements as
x Espec1fied herein. Except as otherw1se %pec1‘ind in the contract or purchase order, the contractor
fmay use his own or any other fac111t1e§§sudtaole for the performance of the 1nsgect10n requirements
specif\ed here1n, unless disapproved by the Government. The Government reserves the€ right to
--perform any of the inspections set forth gh the specification where such wnspections are deemed
‘“-necessary to assure"supplies and services ‘conform to prescribed requirements. !
oo = SN pH gLy —
4.1.1 Government verification. A1l gquality assurance operations performed by fhe contractor
t ™31 be subject to vaernment verf?ication at_any time. Verification will consist of, but is not
% Jimited to,ma)esurveillance of the operatﬂons to determine that practices, methods, and procedures
e -2of the written-quality program ‘are’ beinﬁmﬁréberdw “applied, b) Government—product inspection to
' 1 PMeasure qualnty of, the product to be™ offered fof ‘acceptance, .and c) Government inspection of delivered
products to, assurehcompliance with’ alW'th§bé€tﬂon ‘requirements of this specification. Failure of
the contriactor to promptly correct deficienciess discovered by him or of which he is notified shall
be cause for suspension of acceptancé-unti'Fcorrective action has been taken or unt1l conformance
of the product to prescribed criteria has be demonstrated.

2

e
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4.1.2 gua11t¥ assurance térms and definitions. Quality assurance terms used in this
specification snha eiasi*g_ﬂhe n MiL- -109..

4.7 Classification of inspections. The inspection requirements specified herein are
classified as specified in & through c:

a. First article inspection (see 4.3) -

b. Quality confarmance inspection (see 4.4)
1. Production nspection (Group R) (see 4.4.1)
2. Production control inspection (Group B). (see 4.4.2)
3. Environmental inspection (Group C) {see 4.4.3)

¢. Inspection of preparation for delivery (see 4.8)

4.3 First article inspection. lUnless ctherwise specified (see 6.2), one transformer of
each type and power shall be required for first article inspection, First article inspection
shall consist of all examination and testing necessary to determine complisnce with the require-

ments of this specification First article inspection shall include the tests specified in
TABLE 1.

TABLE 1. Examinations and tests.

Quatity conformance
First inspect fon
Regquirement Test article
Examination or test paragraph paragraph { inspection roup A | Group B | Group C
Surface examination 3.1.3 through
3.1.3.3, 3.1.4.1,
3.1.4.1.1, 3.1.4.2, L
3.1.5.1 through %
3.1.5.7, 3.1.64,
3.2.3.1 through
3.2.3.2, 3.7 4.5.1 X X
Workmansh1ip 3.9 4.7 X X
Operating 3.2.2.1, 3.2.2.4,
3.2.2.5, 3.2.2.6 4.5.2 X X
Weights and dimensions 3.2.1, 3.2.3.1.1 45.3 X
Spurious frequencies 3.2.2.8 4.5.4 X
Wind speed and icing 3.3 4.5.8 X X
Enclosure mechanical
strength 3.2.3.1.1, - .
3.2.3.1.2, 4.5.11 X
3.2.3.1.4, 3.5
Efficrency, power, and
Joad VSWR 3.2.2.1 through
3.2.2.7 4.5.5 X X
Lightning 3.2.2.9
e * | through
Tl 3.2.2.10 4.5.6- X
Shock, and vibration 3.3.1 4.5.107 X X
Salt spray 3.3 4.5.9 X X
Power I ) 3.2.2.2 = -, 4.5.7 X
Leak and pressure 3.2.3.5, 3.5 4.5.12 X X

4.4 Quality conformence inspection. Quality conformance inspection shall be as specified
in44.1 throggg;4;4;4. ] CT .- - ) .

LLIPNﬁd%nm@ﬁﬁﬁ(WWQM})@@QEQ@@“ﬂﬁé@ﬂ@em“m&tmeﬁw
transformer offered for delivery, Production inspectiq@ shall_¢ "“Wséiiuﬁﬁ examin3tion and testing
which w111 prove the workmanship and reveal the omissions and er of- theproduct fon :process such
as functional” and performence tests at a lmmited number:.of. points, tests which detect deviations .
from design, tests of adjustment, and- tests which detect hidden defects of material. Production %
inspect1on shall 1aclude the exsminations and tests specified in Group A of TABLE 1.
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4.4.2 “Production control inspection (Group B). Production control inspection, including
*amp11ng. shall conform to TABLE | and to the 1nspection procedures for_special inspection levels of
MIL-STD-105. The nspectidon level -shal) be,S-3 for: normal, tightened; and réduced inspection.

_:Production control inspection shall be performed on’ transformers that have passed product jon

tnspection. The transformers shall Satisfactorily conform to the requirements of production
control inspection prior to release for shipment. The acceptable quality level shall be 6.5
percent defecttye.

4.4 2.1 Rejected lots. If an inspection lot is rejected, the contractor may withdraw the
lot from further inspection. The contractor may also rework 2 rejected lot toicorrect the
defective units and reinspect the lot uSing tightened inspection. Rejected lots shall be kept

" -separate from new lots and shall not.lose their identity.

4.4.2.2 Nonconformance and retest. T » sample unit fails the inspection specified in 4.4.2,
the contractor shall immediately investigate the cause of failure and shall report to the Quality
Assurance Representative {QAR) the results thereof and details of the corrective action taken to
correct units of product which were manufactured with the same conditions, materials, and
processes; the transformers shall then be retested.

4.4.2.3 Corrective action. If corrective action results i1n a change of parts, electrical
or mechanical layout or functron or if the GAR does riot consider that the corrective action will
enable the product to ‘conform to specified requirements or: if the contractor cannot determine
the cause of failure, the matter shall be referred to the contracting officer. The procuring
activity will require correction to the transformers already delivered under the contract in
accordance with MIL-F-17655.

4 4.3 Environmental inspection (Group C). Environmental inspection shall be accomplished
on a sampling basis as specified in 4.4.3.T. Environmental inspections shall encompass environ-
mental tests to prove the durability of the-materials, parts, and the transformer as s whole;
wind speed and icing tests; tests of the effects of changes of environment (such as extremes of
temperature and humidity); effects of salt air; and tests of the effects of shock and vibration.
Environmental inspection shall include the examinatlons and tests shown n Group C of TABLE I.

4.4.3.1 Sampling for environmental inspection. One transformer shall be selected from each
successive 10 transformers or fraction thereof, produced. The first sample transformer shal) be
selected from the farst month's product fon.

4.4.3.2 Nonconforming environmental sample units. 1f a sample unit fails the inspection
specified 1n 4.4.3, the contractor shall. immediately investigste the cause of failure and shall
report to the QAR the results thereof and;detai]s of the corrective action taken to correct units
of product which were manufactured under“the same condxtlons. with the same materials, processes,
and so forth., If the QAR does not cons1derﬁthat the Corrective action will enable the product
to conform to specified requirements~ong5f the contractor cannot determine the cause of failure,
the matter shall be referred to the conbaacting officer

4 4 4 Reinspection of conforming production contro) and environmental sample transformers.
Unless otherwise specified {see 6.2), sample.transformers which have been subjected to, and have
passed, production control (Group B) 6§;environméhtal {Group C) nspection, or bath, may be
accepted on the contract provided all damage has been repaired and the transformers are
resubjected to, and pass, production inspecti16n (Group A) specified in 4.4.1.

i\,'H

4.5 Test methods. Test methods shall be as specified n 4.5.1 through 4 5.12.

4.5.1 Surface examination. Transformers shall be examined for conformance to 3.1.3 through
3.1.33, 31.87,73.1T41T1, 31.4.2734.5.1 through' 3.1.5.7, 3.1.6,1, 3.2.3 1 through 3.2.3.2
d 3 7 for:

1%

2. Assembly and fit, mechahical safety, and marking .
b. Materials, parts, and finish
T c. Treatment for prevention of corrosion

4.5.7 Operating test. The fransformer shall be energized and subjected to an operating test
to ensure, qualitatively, conformance*toisafety requirements and-:the proper functioning of the
transformer including as a minimum, the tests specified in 4.5.2.1 and 4.5.2.1.1.

4.5.2.1 Matchin Sweep frequency techniques shall be used to demonstrate compliance
with 3.2.2.1, T.2.2.8, 3.2.2.5, and 3.2.2.6.
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4.6.2.1.1 Unbalance. The degree of unbalance when feeding a balanced load shall be measured
as specified wn T5. 2.1 tor conformance to 3.2.2.6 and the degree of .unbalance shall be measured
as follows: The termination assembly (see FIGURE 1) consists of selected resistors R1 and R2.

which are connected to the output terminals via transmission lines Zol and zoZ‘ The charac-
teristic impedance of Z01 and Z02 is established by the dyameter of the connecting wire
used and the wire's proximity to the ground plane. To the junction of Rl ‘and R2 is brought the
neutral voltmeter connection. Capacitors QI and Cz, approximately 0.6 picofarad (pF) provide
jsolation and ensure that impedance loading effects of V1 and V2 are minimal. The division
rat1o must be established in order to Felate voltmeter readirigs to actual terminal-to-ground voltage
The manufacturer shall also test the transformer when loaded with a 25 percent unbalanced load.
This procedure shall, as a minimum, tést for degree of unbalance of output voltage and current.
The procedure shall be as specified n a through f:
Read Cl' v, to approximately 0.6 pF capacitance
Read VN on Boonton model 91CA vacuum tube voltmeter, or eguivalent
Read Vl, V2 on a Volt-o-meter, or equivalent

R1 - R2 = Z01 = Z02 = one-half of the rated balanced mpedance
Vol and V02 are the meter voltage readings corrected for voltage

division

f. Yy * neutral voltmeter reading

o a N U o
P . .

ZVN
Percent unbalance = -

. 3 7 2
1['5'~\/"c>1‘” Vo2 = &Y\

FIGURE 1. Termination assembly.

4.5.3 Weights and dimensions. Weights and dimensions of all units comprising the
complete transformer shall-be determined for compliance with 3.2.1 £xact dimensions of
input connectors shall be determined for compliance with 3.2 3.1.1

E . . . --

4.5.4 Spurious frequencies. The transformer oltput shall be swept between 0.5 MHz and
500 Mz (excluding the operating frequency) while operating on each of the operating frequencies.
2.0-MHz, 2.5°MHz, 3 MHz,-3.5 MHz, 4 MHz, 6 MHz, 9 MHz, 15 MHz, 20 MHz, 28 MMz, and 30 MHz, at
full power to determine compliance with 3.2.2.8.

4.5.5 Efficiency, power, and load VSWR tests. Determining ambient and transformer oi)
temperature at half-hour intervals is required for the tests specified in 4.5.5.1 and 4.5 5.2,

10
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4.5.5.1 Efficienc The efficiency of the transformer shall be measured as specified in
] and b for conformance to 3.2.2.3:

... a. The 50-ohm output of the RF generator (transmitter or equivalent) to be used shall
be copnected -to the 50-ohm input of the transformer. sTerminate the balanced terminals in 2
matched résiStivé load. Apply full average ‘power to.-the 50-ohm input end. -Ambient room
temperature §R21) be held at 25°C 4#2°C. Maintain applied power unt 11" transformer temperasture is
stabilized. Temperature measurement shal) not:be influenced by the RF field. Stabilization
shall have been achieved when temperature rise 1s less than 0.5°C per half:hour,

b. De-energize RF power. Allow the transformer temperature to detrease to room ambient

(25°C £2°C). Without changing physical setups, :insert a heating element (Watlow Firerod, or -
equivalent; héat density shall not exceed 20 westts per square inch) into the transformer and
connect to a variable voltage source. Apply- powen,to heating element until transformer
temperature stabilizes to same temperature (+0 §° C) ds achfeved in a. Power.input of b is egqual
to power loss of a. Efficiency shall be computed as follows:

Efficiency (percent) = (Power input, 2 - power input, b) x 100

. . Power nput a

=

The efficjiency of the transformer shall be confirmed at 2 MHz, 4 MHz, 9 MHz, 15 MHz, 28 MHz and
"30 "MHz or. at any other frequency necessary to establish performence throughout the 2 MHz to
30 MHz region of the RF spectrum. A power circulating device may be used providing the required
power flows through the transformer. . - .

4.5.5.2 Power, load VSNR and thermal design test. The transformer shall be considered to
have failed this test if 1ts‘temperature does not stabilize during the efficiency test. The
transformer shall be tested with full {average and PEP) power applied-over an uninterrupted
24-hour 'perdods Application of power shall be;at the frequency at which efficiency is lowest.
The”load VSWR shall be 2.5.1 with current -peaking at_the input terminal and with a 25 percent
unbalanced load 1mposed on the'transformer-tested. The transformer shall not be exposed to
fans ' or forced drafts during test periods. Ambient conditions shall be 71°C £2°C.. The test shall
be repeated with the load chosen to wmpose -a_maximum voltage condition at the ‘coaxial terminal of
the transformer tested. Arcing, warping, or deterioration of components; -pressure exceeding that
specified wn 3.2.3.4, or leakage of cooling fluid or insulating oil, shall be cesuse for rejection.
This test shall be performed prior to the operating test of 4.5.2 and the spurious freguencies
test of 4.5.4, -

4.5.6 Electrical overload test. The contractor shall devise first article testing to verify
compliance with the reguirements of 3.2.2.9 through 3.2.2.10. The tests in this procedure shall
accurately nclude subsequent checks for changes in electrical characteristics including insertion
VSWR and unbalance.

s 4.5.7 Power test. The power test shall be performed as specified 1n 4.5.5.2, except that
temperaturé and humidity shall be factory ambient and duration shail be until therma] stability
is reached (see'4.5.5.1). S

-

- & s

4 5.8 Wind speed and icing. Confofmaiice with the wind speed and icing requirements of 3.3
shall be demonstrated by simufated loads.

-

“865:9 Salt spray test. The salt spray test shall be performed in accordance with
MIL-E-16800." The salt spray test 13 /nofiréquired, if metal parts used on the exterior of the
transformer are corrosion-resistant as specified .dn MIL-E-16400.

= PR ey, 1

* 4:5.b0 Shock and vibration. Tests shall-be performed to demonstrate .compliance with 3.3.1.
The transformer shal] be in a nonoperating’ conditiyon_during the test and shal) be capable of
normal operation immediately after eoch of-the tests are completed. The test shall be performed
prior to the operating test of 4.5.2, and the leak and pressure test of 4.5.12. The interior
shall be examined for loose or deformed parts.

4.5.11 Enclosure mechanical strength test._The enclosure mechanical strength test shall
be as specified In 4.5.11.1 through 4.5.11.3.

4.6.11.1 1Input and output connectors.. jThe input and output connectors shall be subjected
to the ax1al pull and push, and bending moment™ forces as specified in 3,2.3.1.1 and 3.2.3.1.2
Each force shall be appliied for at least 1 hour— The bending moment shall be applied first in
one direction and then in the opposite dtrectﬁon. Any deformation or failure of the connectors
or the surfaces to which they are m0unted shall constitute failing to pass this test. This test
shall be performed prior to the leak ang pressure test of 4 5.12.

* 11
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4.5.11.2 Qutput terminal strain reliefs. Both strain reliefs shall be-simultaneously
subjected to the pull.specified in 3.2.3.1.4. First, this shall be done with the strain reliefs
parallel and 1n-a horizontal plane. Next, the strain reliefs shall be in a horizontal plane and
pointing away from each othér sp as to form 2 90- -degree angle. Third, the strain reliefs shall
be in a plane slanting-upwaid 45 degrees from horizontal and pointing away from each other so as
to form a 90-degree angle. Each of the three static pulls shall Jast at Jeast 1 hour. Any
deformation or failure of the strain reliefs or the surfaces to which they are attached shall
constitute failing this test.

4.5.11 3 Mounting: The transfdrmer shall first be mounted under the-conditions specified
(see 6.2). The transtormer shall then have a vertically downward force applied to 1t four times
1ts own weight. Next; the strain relief test of 4.5,11.2 shall be performed. The test of
4.5.11.2 shall only be performed once, provided the test 1s done simyltaneously with the mounting
test specified herein. Deformation or farlure of the mounting constitutes failing this test.

4.5.12 Leak and pressure test - The transformer enclosure shall be tested for leaks and the
abiiity to withstand internal pressure. Testing for leaks shall consist of first filling the

interior of the coptainer with 100 percent fluorocarbon gas to 10,546.5 kg/m2 (15 psig). Al
surfaces, welds, gaskets, seams, and connectors shall be examined with a halogen leak detector

capable of measuring leaks as small as 4 x 1070 cm3/s (2.44 x 10° 1n.2). Any evidence of leaks
of this magnitude or greater shall be cause for rejection of the enclosure. €£nclosure strength

shall be tested by pressurizing the enclosure to 21,093.0 kg/m2 {30 psig) and carefully
examining the enclosure for deformation. Deformation, rupture, or explosion of the enclosure
shall be cause for rejection. -

4.6 Ma1ntawnob1l}ty demonstration. Conformance to thevﬁa1nta1nab111ty requirements
shall be demonstrated -in accordance with Test Method 3 of MIL-STD-471. The maintaiwnability
demonstration shall be successfully completed prior to the delivery of production transformers.

4.7 workmanship. The transformer shall conform to the requirements specified 1n 3.9.

4.8 Inspection of preparation for delivery. Inspection shall be performed to ensure
conformance with the requirements of Section 5.

5. PACKAGING

(The preparation for delivery requirements specified herein apply only for direct Government
procurements. Preparation for delivery requirements of referenced documents listed in Section 2
do not apply unless specifically stated in the contract. Preparation for delivery reguirements
for products procured by contractors shall be specified in the individua) order.)

5.1 Preservation, packaging, packing, and marking. Unless otherwise specified herein,
preparation for delivery shall be in accordance with the applicable levels of preservation,
packaging, packwng, and marking specified in MIL-E-17555 (see 6.2).

6. NOTES

t i
6.1 Intended use. The transformers covered by this specafication are intended for instal-
lation at Naval Communication Stations worldwide. The transformers will provide the interface
between the tnbalanced, output of_ an RF transmitter and the balanced input of an antenna, and
will normally be mounted outdoors 11 -a completely unsheltered environment. Although transformers
could be used for elther transmitting or recewing purposes, Power 1 1s primarily intended for
receiving purposes and the others for transmitting.

6.2 Qrdering data. Procurement documents should specify.

a. Title, number, and date of this specification

b Type and power (see 1.2)

c. Terminal material (see 3.2.3.1.7.1)

d. Mounting (see 3.2.3.2 and_4.5.11.3)

e. [ldentification and marking (see 3.7)"

f. Number of first article sanples to be submitted 1f other than specified 1n 4.3

g. When reinspected production control and environmental sample transformers may not
d (see 4.4.4)

h. Levels of preservation, packaging, packing, and marking (see 5.1)

be accepte

12
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6.3 First article. When 3 first erticle is required, it shall be tested and approved under
the appropriate provisions of 7-104.55 of the Defense Acquisition Requlation. The first article
should be a first production 1tem. The first article should consist of one transformer of each
type and power. The contracting officer should include specific instructions in all procurement
instruments, regarding arrangements for examinations, tests, and approval of the first article.

6.4 Field change kits. If field change kits are necessary to correct latent or design
defects subsequent to transformer delivery, the kits should be in accordance with MIL-F-17655.

6.5 Changes from previous 1ssue. Asterisks are not used in this revision to identify changes
with respect to the previous issue, due to the extensiveness of the changes.

Preparing activity:
Navy - EC

(Project 5950-N202)
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