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MILITARY SPECIFICATION

This specification is approved for use by ali Departments
and Agencies of the Department of Defense.
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1.1 Scope. This specification covers the general requirements for
the design, manufacture, and test of soclid state power controllers (6.1)
of both DC and AC ratings for use in aircraft electric power svstems.

1 s Pl S

1.2 (Ciassification. Power contrcllers shall be classified

fu
73]

specified herein:

1.2.1 Enclosure design. The enclosure design is identified by a
single digit as follows

Tvpe Enclosure

i Open

2 Enclosed

2 1aA Atbhar +harm harmatiecalle)

- Calclu (OLUtL Lilall lclincelicaddy

4 Hermeticelly sealed

1.2.2 Militarv part number. The military part number shall consist

of the letter "M", the basic number of the specification sheet, and an
secioned dach nimbhaer 2 1) ac chawn 317 the fallawing:
asSo lyplicu uasi AW cy \o«+414 ) ad SOOWIL 10 Wne L2UL1UWLLUX

Beneficial comments (additions, deletions, recommendations) and any
pertinent data which mav be of use in improving this document should be

addressed tc: Engineering Specifications and Standards Department, (Code
0313}, Navel Air Engineering Center, Lakehurst, NJ 08733, by using the
self-addressed Standardization Document Improvement Froposal, or by
letter.

FSC 6110




Example:
AN
2 APPLICARLE DOCUMENTS
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M00000 / 00 - 000

N

N N st aumber

\\\ \ Uasn fumoer

™ \“———————-Specification sheet number

AN

‘Military designator

2.1 The following documents of the issue in effect on date of
invitation for bids or request for propcsal form a part of this specifi-
cation to the extent specified herein.

SPECIFICATIONS

Federal

PPP-F-320

PPP-B-566
PPP-B-636
PPP-B-676

ZZ-R-765

Tape, Pressure Sensitive, Adhesive, Water-
proof for Packaging

Tape, Pressure, Sensitive, Adhesive, Paper,
Water Kesistant (for Carton Sealing)

d Sheet Stock

~t

iberboard, Corrugat
CArmt - \ -
o L b o

m

Y o e
alililc. UlLal

box, Folding, Paperboard

Box, Fiberboard

Rubber, Silicone; Low and High Temperature
and Tear Resistant

Insulating Materials. Electrical, Ceramic,
Class L

N



SPECIFICATIONS (Continued)

Militarv (Cont'd)

MIL-S5-12883

MII-P-15037

MIL-C~45662
STANDARDS
Federal

Fed-STDh-50%5
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Preservation, Methods of

Plastic Material, Laminated, Thermosetting,
Electrical Insulation: Sheets, Glass Cloth,
Silicone Resin

Connectors, Electric, "AN" Type

Enamel, Camouflage, Quick Drving

Connectors, Plug and Receptacie, Electrical
(Molded Bodv): and Accesscories, General
Specification {or

Sockets and Accessories, for Plug-In Elec-
tric Components, General Specification for

Plastic Sheet, Lamin

ted, Thermosetting,
Glass-Cloth, Melamine-Res

i

n o

Plastic Materiel, Laminated Thermosetting,
Sheets, Nvion Fabric Base, Phenolic-Pe<in

Nomenclature and Identification for Electron-
ic Aeronautical, and Aeromaut‘-al Support
Equipment Including Ground Support Equipment

no s L N, ™ a 3 IO |
velu rlaiting. Lieciroaeposited

Calibration Svstem Requirements

Color Kequirements for Individuali Color
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STANDARDS
Militarv
MIL-STD-103 Sampling Procedures and Tables for Inspec-
tion by Attributes
MIL-STD-129 Marking for Shipment and Storage
MTT o CTN1/ 7 DallabieoanAd - o ot T o oa T - A /o~
ML a,T O T i radstdicLizZeu rerl vnio Lodad 4u

Pallet Type Base

MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts

MIL-STD-454 Standard Generzl Reguirements for Electronic
Equipment

MIL-STD-456 Electronic Parts, Data and Source Coding for

{11 -QSTD=-4¢1 FTlart vamaonnatsec Jotavfavancrs Choawmont aricr < me

“ha A e TN A ML&\-LLUIIIG&IIC LS AL T L LT LTIV C wilalauwvTLlL iAol o
Requirements for Equipment

MIL-STD-704 Electric Power, Aircraft, Characteristics

and Utilization of

MI1-STD-74¢C FPyrenaratrion and Qubmicc on of Tiat a .
- — - - i v . e o e diia DU SO LWL N daea 4 UL
Approval of Nonstandard Electronic Parte
MIL-STD-810 Environmental Test Methods
MQN 79954 b PR B S0 ™ U oo r 1
UDL i /40 luregracecad wire iernlination o»sysiem I0r use
on Electrical Compenents
MIL-HDBK-~217 Keliability Prediction of Electromagnetic
Equipment
{(Copies of SPE"lfiCBLIOHS, standards, drawings, and publications
required byv supplie 1n comnection with specjfic procurement functions
should be obtained from the procuring activity or as directed by the
contracting cfficer).
3.2 Other publications. The following documents
form a2 part of this specification to the extent specified herein. Unless
otherwise indicated, the issuve in effect on date of invitaticon for bids

or request for proposal shall apply.

5 » . =NMI1A 11!l D3 TYIYINTYTAO 19291 T" MO Q/fMY™mMosvys o T 9 s v o d o oo oo oo oo oo e A e
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NATIONAL BUREAU OF STANDARDS

Service

(Application for coples should be addressed to the Superintendent
of Documents, Government Printing Office, Washington. DC 20402.)
3. REQUIREMENTS

1 Crnarsfiratinmn ohant o Tl o T AT Avial PR

el CpTLililallull LT iLs . i Ldlvidudl cofittretiLtier~
requirements shall be as specified herein and in accordance with the

applicable specification sheet. In the event of conflict between reguire-

ments of thic specification and the specification sheet, the latter
shall govern, (6.2.1).

2 9 Donvsman smmemd anm 1Y oo ;o b o } o P PRI T R o BRI U |

2.4 rower LOILIOLiel CdlLepgoriles. rower ConiLroliers rurniisned
under this specification shall be Category I or II as defined herein

3.2.1 Category I Power contrcllers completely defined by &
military specification sheet (3.1, 4.5, and 6.2.1).

2. 9 9 N orv TY T ome s PR ER . T NP T PR m e oA e sax: T

o I AA wa Lt’E Iy l1l4. rower conerdlliers Ltue sSdme as Cdieory 1,
except for minor differences such as terminaticns and mounting means,
which do not change the basic design or construction of the gualified
controller. Category II contrellers shall be procured from a source
listed on the appliicable qualified products list for the particular
similar product in categorv I. Category Il power contrecllers are non-
standard 1/ (4.¢ and ©¢.2.2) and shall not be maintained in Government
inventory. Categorv II contreollers shall be directiv replaceable by
Category I controllers.

3.3 Qualification. Category I controllers furnished under

Handbook H28

Screw-Thread Standards for Federal

this specification shall be products which are qualified for listing on

list at the time set for opening of

the applicable qualified products
bids (4.5 and £.4).

3.4 Materials. Materials shall be as specified herein. How-
ever, when & definite material is not specified, a material shall be
usec¢ which will enable the controllers to meet the periormance require-
ments of this specification. Materials used shall be self-extinguisning:
andé shall Dot S"pport combustion, give oif noxious gases 1in harmfu:
quantities, give off gases in gquantities suliicient t¢ Cause exXplesion
of sealed enclosures, cause contaminatiorn toc anv part of the controller,

or form current- Carrying’ tracks when subjected to any of the tes

specified herein.

Unless otherwise specified (3.1),

material shall be such as to prOVlde a shelf- llfe of at least ten year

FPCAaCuUuaS

ts

the selection of

S

out affecting the operation of the controller. Acceptanc

al of anv conctitnent matosrial ehall nat ha ranctruad ac a

“ A o Uu] CVUMI vA VULLILLY G vCailad [SRYI-P U MUV - [V & kv‘lﬂk—‘-uhu @ o iad

he acceptance of the finished product.

Test reports shall be prepared in accordance with MIL-STD-749
5

1 Aavwaitg L4 AN wN-a - I bt wHdww e
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3.4.1 Plastic. Laminated plastic material shall conforﬁ to
MIL-P-997, MIL-P-15037 and MIL-P-15047. Molded plastic material shall
conform to MIL-M-14. Cotton-filled or wood-flour-filled materials shall

not be used.

3.4.2 INTENTIONALLY BLANK
3.4.3 Fungue-resistant (not applicable to interior of Type 4
controllers). Materials used in the construction of power controliers

shall be fungus inert (Requirement 4 of MIL-STD-454

3.4.4 Metals. Metals shall be of a ccrrosion-resistant type o1
shall be plated or treated to resist corrosion

3.4.5 Rubber. Rubber shall conform to ZZ-R-765.

3.4.¢ Potting compounds. The selection and use of encapsulating
materials (potting compounds) shall be in accordance with MIL-STD-454,
Reguirement 47.

3.5 Design and conmstruction. Power controllers shall be of the

design, construction, weight, and physical dimensions specified (3.1).
Controllers shall be so designated to insure power operation in any

ar+r s +ands b P

attitude when mounted to & suitable heat sink. The construction of the
controllers shall nreclude mechanical damage, flaking of the finish,
erioration of marking when subjected

loosening of the terminals, or de
0

. T
to the test methods in Section 4 of this specification

3.5.1 hreaded parts. All threaded parts shall be in accordance
with Handbook H28. Where practical, all threads shall be in conformity
with the coarse-thread series. The fine-thread series may he used only
for applications that show a definite advantage through their nse. Where

a special diameter-pitch Comblnaclon is required, the thread shall be of
American National Form and of any pitch between 16 and 36, which is used
in the fine-thread series. Terminal threads shall be class 2A and 2R for

xternal and internal threads, respectively.

€

3.5.1.1 Engagement of threade dgg arts. All threaded exte
shall engage by at least three full threads with all requi
assembled.

3.5.2 Enclosure. The enciosure shaii be electricallv isolated
and shall provide means for grounding. All exterior surfaces of the
enciosure, excluding the mounting surface, shall be finished with luster-
less black paint (color 37038, per FE D-STD -595 and MIL-E-5556

3.5.3 Hardware. Specified hardware (3.1) shall be supplied.
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3.5.4 Mounting means. As specified (3.1.)

e B ~G) b Nen~lrn s | ¥ R Neerm ~lm &~ ~l~11 i N - EE U | o e de -

JeJde4. L Dralinectue. rfiouncting DracCRreLs Slidall D dall 1Hctegrdil parc 0Ol
the controller enclosure

3.5.5 External terminations. As specified (3.1).

3.5.5.1 Solder Terminal shall be capable of bheing readily
soldered. Unless otherwise spec i ed (3.1), solder terminals shall not
be gold plated

-9.5.1.1 Solder Lug. Terminais mav be of anv shape and shall be
Gesigned to accommodate two conductors.

Ac 5 17 5 Do . - .. S 5 ..
3.2.5.1.2 Print-circuit. Terminais snall be placed {for compat-

Thi179¢tUy with mrtrtade ~d cens<td cmmmdo o cn {ied /% 1

4Ll AvyY Widll prililea-circurc b}ldL_\.Ilé_ as bUELL iTed (AL 1.

V]
n
Eﬂ

—t

1.3 Solderabilitv. For gnalification inspection. controllers

shall be te:Led as specified in ¢.£.3 and shall meet the aprlicable
requirements of Method 208 of MIL-STD-202.

qualification 1inspec-
L. §.17. ir accordance
L8170 4o cordance
ntly meet the require-
plug-ir headers shall
s necessary for proper
< ~a O s T + MTT aC=-ENT 8
LiLauy Lll._llE‘ (S Add A “ o Jv ~ s
L 2BE3. C t shall be used. Unless
otherwise 5P9C+~l€d (3.1}, terminalc shall be pold plated in accordance
with MIL-G-45204, Tvpe 11, Class ] over nickel plate 0.000: to 0.0003
inch thick.
2 X B 2 Totnamant oA TP T R R A £ vmrmmrrablla e A 3=
Jed e d eI luLCELdLCU. LOonLraolliers acs1ygicu 1071 rciovaur L allu &L
sertable terminations shall be in accordance with MS2772¢
2.6 Conditioning (run-in). When tested as specified in &4.8.

the controller shazl: perform satisfactcrily during each operation (3. 1

o
4

1 C the ieakape rate
t exceec 10-€ atm cc/sec. for type & contro

3.5 Dielectric withstanding voltage. When tested as specified
. 3 o Y - = - P
in 4.8.5, there shall be no leakage current in excess of 1.0 milliampere
(ma) nayr a";A,....,_ AL a i (it Al b)) flaonhAuar
\ma@y o uuvlooevadcnce oI gamage que Lo arculg {air daisdiiarge,), 1i1a5uivci
(surface discharoe) or snenlation breakdown (puncture discharee).
A bl SRV AN ) A Adllouiacivii vicanuuwis \pPrsiv van - . a -5 7
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3.10 Insulation resistance. When tested as specified in
4.8.6, the insulation resistance shall be greater than 100 megohms.

3.11 Electrical characteristics. Controllers shall not be
damaged when exposed to supply voltage variations as defined in MIL-STD-704
and shall be capable of controlling power to reactive and resistive

i1vals .

3.11.1 Turn-on and turn-off voltage. When tested as specified
in 4.8.7.1, the turn-on and turn-off voltage shall be as specified

(3.1).

3.11.2 Turn-on and turn-off time. When tested as specified
in 4.8.7.2, the turn-on and turn-off time shall be as specified (3.1).
3.11.3 Load voltage rise and fall time. VWhen tested as

specified in 4.8.7.3, the rise and fall time shall be as specified
(3.1).

3.11.4 Isolation. The isolation test voltage shall be as
specified (3.1). When tested as specified in 4.8.7.4, the controller

shall have a minimum isolation resistance of 100 megohms.

3.11.5 Control signal. When tested as specified in 4.8.7.5,
the control signal shell be as specified (5.1).

3.11.6 Voltage drop. Wihen tested as specified in &4.£.7.6,
the voltage drop shezll not exceed the value specified (3.1} for lcusd
current values from noc load tc 100% rated.

3.11.7 Leakage current. When tested as specified in 4.8.7.7,
the leakage current shall not exceed the values specified (L.1).

3.11.8 Power dissipation. When tested as specified in
4.8.7.8, the power dissipation shall not exceed the values specified
(3.1).

3.11.9 Overload characteristics

3.11.¢9.1 Current iimiting. When specified (2.1} and tested as
specified 1in 4.8.7.¢.1, the output current shall be within the limits
specified (Z.1}. At the irnitiatior of tne overload comdition. the peak
let tnrough current (6.5.4.1) shall mnot exceed the value specifaed
(3.13.

3.11.9.2 Trip time

3.11.9.2.1 Nonrepetitive reset. When tested as specified in

4.8.7.9.2 (a), the trip time shall be within the limits specified (3.1).
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3.11.9.2.2 Repetitive reset When tested as specified in 4.8.7.9.2

(b), the controller shall reset; however, the trip time shall be less
than the time specified (3.1). The controller shall not be damaged.

3.11.10 Coordination. When tested as specified in 4.8.7.10,
oniy the lower rated power controllers shall L.lp. in the series con-
nected pair of power controllers of rating ratics as specified {3.1).

3.11.1% Rupture capacityv. When tested as specified in 4.8.7.11,
the contreller shall trip and there shail be no damage to the controll-
er. The controller shall be resettabhle within 10 minutes after each
test

3.11.12 Reset voltage. When tested as specified in 4.8.7.12,
the controller shall reset

3.11.13 Reset time

3.11.123.1 Application time to reset. Wher tlested as specified
in «.5.7.13. the power controiler shall nct reset when a reset signal Is
applied for a time duration less than the minimum specified (3.1). The
controiler sfall reset when a reset signal 1s applied for the maximum
time specified {3.1) or longer.

2.11.15.2 Kemoval time to reset. When tested es specified imn
~.&.7.15, the controiler snali not reset wnen the control signa: 1s
removed for & time duratiocon less than the minimum time specified anc
reaprlied (3.13. The controller shall reset wher the contrel signal s
removed for the maximum t:ime specifiec (3.1) or longer and reapplied

3.11.14 State indicatiorn. When <contrcliers are tested ac
specified in 4.8.7.14, the state indication {©.3.19, 6.5.20) shall be as
arnarsfiad (% 1)

PpPTLLLLTU Lo d g
3.11.15 Reset immunity. When tested as specified in 4.§8.7.15,

there shall be no power interruption, voltage spikes or oscillations on
the power output circuit.

3.11.16 Ripple current (dc contrcller) When tested as
specified in 4.£.7.16, the ripple current (¢.5.277 generated bv the dc
controller shall not exceed the value specifiec (3.1).

rip-free character:stics. Wner testec as speciiiec
r a

rolier shall resetl, ip-out ana stayv trippec outl

3.11.18 INTENTIONALLY BLANK
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3.11.19 Operating voltage transients. When tested as specified in
L Q 7 10 [ T PPN -t mm ATT PR, PP T, I L ~17 P T
*.0./7.137, wiill Lic LoliitriolL S1lEndi Jrr, Lie Conero11ie Slidll 1I10OL DE
damaged, be tripped or deviate from the OFF state. With the control
signal ON, the controller shall not be damaged or tripped, but may go to
the OFF state as specified (3.1).

3.11.20 Transient spike overvoltage {(DC controllers). When tested
as specified in 4.8.7.20, the controller shall not be damaged, shall
stay ON when controlled ON and shall stav OFF when controlled OFF

3.11.21 INTENTIONALLY BLANK

3.11.22 Control input transients. When tested as specified in
4.8.7.22, the controller shall not be damaged.

3.11.23 Zero voltage Turn-On and Zero current turn-off. When
tested as specified in 4.8.7 23, controller turn-on shall occur at zero
voltage cross-over within the voltage or time specified (3.1), and the
contrecller turn-off shall occur at =zero current crossover within the
current or time specified (3.1). The controller shall turn-on and turn-
nff a2t the cama wnltass clnnme (tiyrmenFf 2+ +tha Ancacits halformireala Fram
oA 4 a oo [ 9 qun 2auic \'UJ.L!JEC SDdAUNT \LUL i Uil a L viic JPPpPuUS AL ltal 1l \S '\'\,JC 4 Lt
turn-on), when specified (3.1).

3.11.24 INTENT1ONALLY BLANK

3.11.25 Commor mode rejection. When tested as specified in para-
ovanh 4L R 7 8 +hea ~antar~cllar okatll o somase T+ 4o v NN Ay tairenad
&4+ apiil HL.0. —y “LliT L‘ iciolici otla . s 1 Cilla 1.1 Ll Liae LurLiley Ul Ui Luiiicyu
OIT state as commanded.

3.11.20 DC offset veltage {(AC controllers). When tested as speci-
fied in 4.8.7.26, the dc offset voltage shall not exceed the value
specified (3.1) for the load current values specified (3.1,.

2.11.27 Stabilization time ontrollers shall not nass power to

3.11.27 Stabilization time. C(Controllers a not pass power to
the output during the stabilization time unless commanded to do so

3.12 Fail-safe. The controllers shall incorporate a "fail-safe
teature in the event the "trip-circuit" {failis to perform its function
during an overload condition. When tested as specified in 4.£.8. the
fail-safe element (fuse) shall open the circuit at currente and time
RO ¢ 4 S 8 o a PEAS 1) Lep ® W L4 uocC / Oidadld i wpIcil [S% )y CilLuad a . LU Ll < aliyu [ ) -
specified (3.1)

JAT ) ¥ vy + o1 nl— N -1 Q% c ] 1 g L1l Qe 'Flnd

3.12 Environmental characteristics. Unless otherwise specified,

the controller shall meet the requirements of paragraph 2.13.1 when
subjected to the following tests:

Temperature shock 4.8.9
Vibration 4.8.11

—
(@]

- A Téal
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Acceleration 4.8.12
Sait fog 4.8.13
Temperature altitutde 4.8.14
Humidity 4.8.16
Resistance to soldering heat 4.8.17
Shock 4.8.19
Life 4.8.20
Exrlosive atmosphere 4.8.8
Fword ac<ern Ao am e om o o JN S |
LAabiUublVE dBELOmMpression 4.0.c.

3.13.1 Performance criteriz. Unless otherwise specified, the
controller shall meet the following criteria wher subjected to the tests
given in paragraph 3.13.

MNac- ocr amA maciod cars ms o o~ ~ooo
veo il auld COnNsScrudiion D0
Dielectric withstanding 3.9
Insulation resistance 3.10
Electrical characteristics 3.11

«
i
s

I

d as spec
T

fied in 4.8.15, there sha ve nc loosening or breaking of the termis
nals, and there shall be no deformation to the threads of screw termi-
nals, no bending (see NOTE) of a pin or damage tc the insulating base of
vlug-in contrellers. nor shall there be anv other damage which woula
adversely affect the normal cperation of the contrcller.

NOTE

Bending of solder terminals shall not be con-
strued as damage; bencding of plug-in terminals
shall not be construed as damzge, provided they
can be reformed in a manner to permit proper

a
3 o 1t h tha anmel
4y wiuid L€ appi

PPN N N P |
Ldeablc >uLnctL.

3.15 Electromagnetic compatibilitv. When tested as specified

in 4.8.18, controllers shall meet the requirements of MIL-STD-461, Class
IC.

3.16 Case-to-sink thermal resistance. The thermal resistance
shell be as specified in (3.1! when mounted dry te a flat metal plate
(C.001 inch per inch’ with a surface finish of ¢7 micro-inches or less

{

anc @ mounting torque as specified

SO Marking. Controllers shall be marked i accordance with
the requirements cf MIL-N-18307. In addition, the following information

1\ - 1 N N ~ . N PN
{bJ Rated output voltage and current {3.1)
(c) Terminal nomenclature (3.1)
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(e) Manufacture date code in accordance with MIL-STD-456

3.18 Workmanship. Workmanship shall be in accordance with
MIL-STD-454, Requirement 9

e Xxrre el
meet the electrlcal characteristics of 3.11 when tested in accordance
with paragraphs 4.8.10.

3.20 Life. When power controllers are tested in accordance
with paragraph 4.8.20, there shall be no evidence of performance de-
oradatio
g ation.

3.21 Explosive decompression. The controllers shall not be

damaged when tested as specified in 4.8.21.

3.22 Relisbility. When operated within the environmental and
operational limits specified herein, the controll shall achieve &
reliability, expressed in a mean t (MTBF) as speci

fied (3.1). Failure is defined a the 1nab‘L1tv to provide all the

performance characteristics specified herein. Rel 1ab111t7 requirements
will be verified bv analvsis per MIL-HDBK-217.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specifiec

in the contract or purchase order, the supplier is responsible for the
performance of all inspection requirements as specified herein. Except

as otherwise specified in the contract or order, the supplier may use
his own or any other facilities suitable for the perfor.unce of the
inspection requirements specified herein, unless disapproved by the
Government. The Government reserves the right to perform any of the

inspections set forth irn this specification where such inspections are
deemed necessary to assure supplies and services conform to prescribed
requirements.

4

.11 Test eguipment and inspection facilities. The supplier
shall establish and maintain 2 calibration svstem in accordance with
MIL-C~4566L.

4.2 Ciassification of inspections. The imspections specified

herein are classifie¢ as follows:

(b) Qualification inspections (see 4.5)

o
N
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(c) Inspection of Category II power controllers (see #4.6)
(d) Quality conformance inspection (see 4.7)

4.3 Materials inspection. Materials inspection shall consist
of certification supported by verifving datz that the materials listed
ir Table I used in fabricating the power contrellers are in accoréance
with the applicable referenced specifications prior tc such fabricztion.

4.4 Inspection conditions. linless otherwise specified hrrein,
all inspections shall be performed in zccordance h the test con-
ditions specified in the "GENERAL EQUIREMSNTS" of MIL-STD-810.

’ - - _— - = =
4.4.1 Cower supply. The power supply shall have noc more2 than 170
narrcrent ool at s e P PO PRV PR . | T - -~ e a A a R
MO LtCpuialLl 1 ati Lwitie Lire speciiied 404U furreiic. £ ac pover
SUDD]V 7}171] }aVP no more than 5 norrent vnltace vinnlie A ar nNnAawar
PD 1Y h ¢ more than 5 percent voltage ripple. An ac power
supply shall be within 1 percent of the specified frequency and shall be
sinusoidal with a form factor between (.85 and 1.2%
G.4.1.1 Grounding. The negative side of the dc power supplv shall
be grounded; one side of the single phase ac power supply shzll be

= s © [
grounded, or the neutral of the three—pha;e ac power supply shall be
grounded, as applicable. The grounds of the control circuits in the
controller being testec¢ shall be connecteﬁ tce the grounded side of thzir
power supplv Tne load of the controller shal: be connected tc the
1 v

4.2 Load COQ@lt;OnS during test. Full! load shall implv cpera-
tion Dy tne speciiied (3.1; contrcl parameters with the maxium rated
voltage and load current applied te the output circuit. Under these
conditions a2 suitable heat removal anparatus (4.4.23) shall be used. Mo
load shall imply operation by the specified (3.1: control parameters
‘A“;fh f‘\ﬂ mavyimiim ratod waltrasna armA shia maim<mim VAo A ~yywves = N

LI O § R S ¥ 4 PO R e ) AAYS Lasc aliu SO SR =N VI PN VY] 4vau Llilicuc .LC\.iu.LlCU (S
determine the circuit state. Under these conditions heat removal! appara-
tus may not be required.

4.4.3 Leal removal. Heat removal apparatus shall consist of &
A =~ = =1 - —— - 1 . 7~ - - . ¥ N v - 1 <
neat sink of known characteristics {3.16) which can be adjusted and
monitored tao nravide tha ~arlins macrnccasmts A mwavant +ha hant canl
- - - rPevyauo “ilic AR AV O lb ICL:QDGL_\ (S ‘LJLCVEL‘L “iic o a o o AL LI
temperature from exceeding the specified maximum (3.1).
. ; .
G4 Temperature stabilization of test items

/. N
b IR SR

bl A - PO fa ol

i wonoperating. lemperature stabili
the cage tamneraturce Adnne mat P-ifov moawme thaom 7 NOP” Junm tive amhinant
~La o e e el uvTD MU uiliTl moic il 1 o 4 “ 4L a VM w o SpaLCcuUu o

temperature.

4.4.4.2 Operating. Temperature stabilization shall occur when the
case temperature does not change more than 2.0°C (3.6°F) per hour.

—
w

o -y 1 a a a a a a a a A a 1
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4.5 Qualification inspection (Category I power controllers Only
(see 3.2.1). Qualification inspection shall be performed at a laboratory
acceptable to the Government (6.4) on sample units selected from a
production lot.

L &1 CameY oo ol ma E1 o} WU TR PR LR N Y

Fed e d vaiipr L >slc . lue LHumbel OI powelr coniroliiers to De
subjected to qualification inspection shall be as specified in Table II.

4.5.2 Inspection routine. The sample shall be subjected to

the 1nspectlon% specified in Table II, irn the order shown. All sample
units shall be subjected to the inspections of Group I. The sample shall

then be divided as specified in Table 11, for Groups II and III (as
applicable)} and subjected to the inspections for their particular group.
4.5.3 Failures. Failures in excess of those allowed in

Table II shall be cause for refusal to grant qualification approval.

/. /. PR By Jod m~ - ~ .
4.5.4 Retention of gualification. To retain qualification,

the supplier shall forward, at 24-month intervals, tc the qualifving
activity, a summary of Group A tests, indicating as z minimum the number

im e
of lots which passed and the number which failed., and the complete
results of Group B and C tests, including the number and type of anv
part failure. The summary shall include those tests performed during

that 24-month period. If the summarv of the test results indicates
nonconformance with specification requifeWEﬁts. action shall be taken to
remove the failing product from the qualified productis list. Failure tco
submit the summary shall result in loss of qgualification for that pro-
duct. In addition to the periodic submission of inspection data, the
supplier shall immediately mnotify the qualifving activity at any ‘ime
during the 24-month period that the inspection data indicates failure of
the qualified product t¢ meet the requirements of the specification. In
the event that no proeduction occurred during the report- period, a
report to that effect shall be submitted.

4.6 Inspection of Categorv II power contrellers. Tests te
verify suitability of the variations from Category I controllers shall
be as specified and shall be periormed by the supplier, after award of
contract, and prior to production.

4.7 Quality conformance inspectiorn

4.7.1 Inspection of product for deliverv. lnspection of product
for deliverv shall consa of Group A& inspection. LExcept as specifiecC 1in
4.7.2.2.3, delivery of products which have passed Group & inspection
shall not be delayed pending the results of the Group EF and C inspec-
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4.7.1.1 Inspection lot. An inspection lot, as far as practi-
cable, shall consist of all power controllers of the same enclosure,
configuration, vibration characteristic, temperature class, shock type,
produced under essentially the same conditions within 2 period not to
exceed four weeks, and offered for inspection at one time.

4.7.1.2 Group A inspection. Group A inspection sball consist
of the examinations and tests specified in Table III, in the order
shown.

o

4.7.1.2.1 Sampling plan. Sampling plan shail be as specified
in Table 1 Statistical sampling and inspection for Group A-II shall
be in accordance with MIL-STD-105
Acceptable Quality Level (AQL) shall be as specified in Group-A-II Table
III. Samples which fail Group A-I1 mayv be reworked and resubmitted using
the tightening inspection in accordance with MIL-STD-105. Major and
minor defects shall be as defined in MIL-STD-105.

o =
o

for general inspection level IT.

4.7.1.2.2 Dispositior of

V=

n
ST £
been subjected to and have passed Gr
on the contract or purchase order.

4.7.1.2.2.1 Rejection samples. Rejection samples for Group A-I
matxr ha sawm~wvibrad e A P N T R IR P P s -l s -V et a]
uig T lTwulilntcdu ailid CouUubll LeCu L UL LUspToec il

L7z Periodic inspecticn. Feriodic inspections shall

consist of Groups B and C inspections.

4.7.2.1 Group B inspections. Group B inspection shall con-
«+ 5f the tectic) specificd in Table IV and chzll he performeéd “n the
S « ULowdl LChes sy speliriced 1N 1404C 4hv,y, Gliu osnaeia OC PCLiULmCu L vl

Eal
-
ro
—
—

Sampling plan. The number of sample units specified
in Table IV shall be selected every six months from inspection lots
N .

W

whicn nave passed Group A inspection.

4.7.2.1.2 Rejected lots. If an inspection lot is rejected, the
supplier mav rework it to correct the defects, or screen out the defec-
tive units, and resubmit for inspection. Resubmitted Ilots shall be
subjected to Groups A and B inspection. Such lots shall be separated
from new lots, and shall be clearlv identified as rewcrked lots.

L,7 .01 D Disposition of sample unite. Sample units which have
been subjected tc & Grour E inspection shall not be delivered on the

contract or purchase order.

4.7.2.2 Group C inspection.

15
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4.7.2.2.1 Sampling plan. Every 24 months, controllers shall be
subjected to the inspections of Table II, performed in the order shown.
The number of failures allowed shall be as specified in Table II.

4.7.2.2.2 Disposition of sample units. Unless otherwise speci-
fied, sample units which have been subjected to Group  inspection shall
not be delivered on the contract or purchase order

4.7.2.2.3 Noncompliance. 1f a sample fails to pass Group C

inspection, the supplier shall take corrective action on the materials
or processes, or both, as warranted, and on all units of product which
were manufactured under essentially the same conditions, with es-
sentially the same materials, processes, etc., and which are considered
subject to the same failure. Acceptance of the product shall be dis-
continued until corrective action, acceptable to the Government, has
been taken. After the corrective action has been taken, Group C in-
spection shall .be repeated on additional sample units. Groups A and B
inspections may be reinstituted; however, final acceptance shall be
withheld until Group C reinspection has showr that the corrective action
was successful.

4.7.3 Inspection of preparation for deliverv. Sample
packages or packs and the inspection of the preservation, packaging,
packing, and marking for shipment and storage shall be ir accordance
with the requirements of Sectiorn 5.

a tests. When applice
testing of power contrellers with g erminations shall b
formed with the appropriate or specified socket or conuector mated to
the controller.

4.8 N

P

4.8.1 Visual and mechanical examination. Powe. controllers
shall be examined to wverify that the materials, external design and
construction, physical dimensions, marking and workmanship are in ac-
cordance with the applicable requirements (3.1, 3.4, 3.5, 3.17, and
3.18).

4.8.2 Conditioning (run-in)(3.6). Power controllers shall
be subjected to 5,000 operations at a rate of 1 to 60 operations per
second under the following conditions:

a) The control input shall be energized at the rated turp-on
81gnaA (3

(b) Unless otherwise specified, the load shall be rated resistive
load. ‘

16
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(¢) The unit shall be cycled at 50%5 percent duty cycle.

4.8.3 Solderability (3.5.5.1.3). Controllers shall be tegted in

t:0.-2 0 QU1 lalll i1l L J AN—sosede /) LOURLIVDLLITIS sludll U0 LCO3LCl

accordance with Method 208 of MIL-STD-202. The fcllowing details shall
applv:

(2) Number of terminations of each part toc be tested - All.

(b) Depth of immersion ir flux and solder-Leads shall be immersed
to within 1/16 inch of the seal or case.

4.8.4 Seal (3.8)

4.8.4.1 Tvpe 3 controllers. Controllers shall be tested in ac-
cordance with Method 112 c¢f MIL-STD-202. The following details shall
apply:

(a) Test Condition - B

o

—~

Measurements after test - Not applicable.

/ (a4 s} Mmoo PRy ) N - Pl UR B 1 LR 1 N : ] :

4,0.4.4 1\'[)&’ s conLrollers. LONILIOLtE€re snaili De tTesited 1n 3ac-
cordance with Method 112 of MIL-STD-20Z. The following details shall
apply:

{a) Test Conditior - C (Procedure III cr IV, at the optiom of the
Manufacturer). Test Condition - B shall be used to test for
gross leake.

{(b) Leakage rate -10-0 atm cc/sec.

{¢) Reduced pressure of chamber and duration of pressurization
(Procedure IV)-Below 5 mm of mercurv for 6 hours.

(@) Measurements after test - Not applicable.

4.8.5 Dielectric withstanding voltage {3.9). Clontrollers shall
be tested in accordance with Method 301 of MIL-STD-202. The following
details shall apply:

(a} Preparation - Not applicabie.
{(bY Test voltage - as specifiec (Z.]
{c) Nature c¢f potentiai - AC.

(d) Duration - 60 seconds

17
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(e) Points of application - All terminals shall be shorted to-
gether and the test voltage applied from terminals to case.

P )

(t) Leakage current - 1.0 ma maximum

(g) Follow1ng these tests, controllers shall be examined for
idence of arcing, flashover, insulation breakdown and dam-

evi
age
(h) Measurements after test - Insulation resistance.

4L R 5.2 At
v . S

8.5.2 At reduced barometric pressure. Controllers speci-
fied for operation above 10,000 feet shall be tested in accordance with
Method 105 of MIL-STD-202. The following details shall apply:

(a) Method of mounting - Normal mounting means.

-~
or
~r
-3

(c) Test requirements at reduced pressure - As specified in 4.8.5.1
except test voltage shall be as specified (3.1).

¢t o - -~ . A N ~ - - R s = R

4.6.0 insulation resistance (32.10). Controllers shall be
toctan an A~ ArA o A~a A | VI T AN s MTY O AN m P B B,
[ SR St 8 ili aCloragaice wivil 1evndd U 31 NNilL=oibl~Juc ine 10110wlng
details shall apply

(a) Test condition - A

(b Freparations - None
(c) Points of measurements - The terminals shall be shorted to-
gether and measurements taken between enclosure and terminals

(d) Electrification time - 2 minutes.

Measurement error - As specified in MIL-STD-202Z.

~~
m
e

4.8.7 Electrical chara

terigtics. When nerformine electrical

....... pEIA0OININE el al

c
tests, the controllers shall be mounted on a suitable heat sink (4.4.3).

4.8.7.1 Turr on and turn off voltage (3.311.1 and b 5). The
turn on and turn off shall be verified as specifie¢ in 4.6.7.1.1 and
4.,8.7.1.2.

4.6.7.1.1. Turn orn voltage. With the controller connected as

shown in Figure 1. apply rated load voltage and adjust the load resist-
ance for rated load %10 percent (6.5). Apply the minimum turn on signal
with the control function generator and note that the controller turns

a1 V4
AV 21 Y

18
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4.8.7.1.2 Turn off voltage. With the controller ON at rated
control signal, apply the maximum turn off signal with the function
generator and note that the controller turns OFF.

4£.8.7.2 Turn on and turn off time (3.11.2 and 6.5). Measure
turn on and turn off times with the controller operated as in 4.8.7.1.

4.8.7.3 Lcad voltage rise and fall time (3.11.23 and 6.5).
Measure the rise and fall times with the controller operated as in
4.8.7.1.

4,8.7.4 l1solation (3.11.4). The power-in terminai, power-out
terminal and power-ground terminal shall bhe shorted together. Where
applicable, the control terminal, reset terminal, state indication
terminal, and signal ground terminal shall be shorted together. The
points of application shall be the signal ground and power ground termi-
nals and electrification time shall be two minutes.

4.8.7.5 Control signal (3.11.5). With reted load voltage
appliec, appiy contrcl signal level as specified (3.1) and measure
contrel current or voltage. Repeat test for each contrel signal level
specified (3.1).

4.8.7.6 Voltage drop (3.11.6). Wwith the contreller connected
as shown in Figure 1 asure the voltage between the power-in and the
power-out terminals while operating at 10, 50 and 100 percent rated
load. For AC controliers, a True RMS voltmeter shall be used.

4.8.7.7 Leakage current {3.11.7'. Clonnect the controller as
shown in Figure 1 with the lcad resistance adjusted for a maximum o. 10
chms, rated load voltage applied with the control circuit open, read the
leakage current. Repeat the test with the contrclier command OFF.

4.8.7.8 Power dissipation (3.11.8). Comnnect the controller
as shown in Figure 1 with the load resistance adjusted for short circuit
(6.5), rated load voltage applied, and tne controiler command OFT,
measure the power dissipation for the OFF state. With the control com-
mané ON, measure the power dissipation fer the ON state for loads of 10,
50 and 100 percent rated lcad, unless otherwise specified (3.1).

4.8.7.0 Overload characteristics tests

4.8.7.8.2 Current limitipg (3.11.¢.1%. Connect the controlier
as shown in Figure 1.

(2) Adjust the load resistor for short circuit (6.5) and apply
rated load voltage. Apply rated control signal and verify that
the output current remains within the limits specified (3.1).

19
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(b) With the load resistor adjusted for rated load, apply rated
load voltage and control signal. While monitoring the current
out of the controller apply a short circuit (6.35) across the
load and measure the let thru current and response time.

4.8.7.9.2 Trip time (3.11.9.2). Connect the power controller
as shown in Figure 1.

(a) Non-repetitive reset (6.5) - With rated load voltage, verify
that the controller meets the specified trip characteristics
(3.1) at various current levels.

(b) Repetitive Reset - With rated load voltage and load resistor
adjusted for short circuit, verifv that the controller meets
the specified repetitive reset requirements (3.1). Reapply
control signal the specified number of times (3.1) at the
intervals specified (3.1).

4.8.7.10 Coordination. Comnect (with conductors of negligible
impedence) the specified (3.1) pair of power controllers in series, as
shown in TFigure 14. Follow the test procedure of 4.8.7.9.2(a) except
that the control signal of the higher rated device shall be applied
before the lower rated, and the trip time need not be monitored.

4.6.7.11 Rupture capacity (3.11.11). The controller shall be
connected per Figure 1, except that the power source shall be calibrated
for the specified rupture current (3.1) with the power terminals of the
controller shorted. The opern circuit voltage before application of the
rupture current shall be rated voltage (3.1). Kecords of voltage, cur-
rent and time shall be obtained. The controller shall be subjected to
the following test sequence.

(a) 4 tests with the controller ON carrying no load current,
before application of the rupture current.

(b) 4 tvests with the controller OFF rupture circuit completed, and
rupture current indicated by the controller being turned on.

(c) After preceding tests, test dielectric withstanding voltage
(4.8.5.1) and trip time (4.8.7.9.2 {a)).
The controller shail be reset within 1¢ minutes after each rupture test.
There shall be sufficient time between rupture tests to allow tempera-
ture stabilization.

4.8.7.12 Reset voltage (3.11.12). Connect the controller as
shown in figure 1. Apply rated load voltage and adjust the load re-
sistance for 200%110 percent rated load. Adjust control function gemer-
ator for rated control signal and reset generator for minimum reset

20
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signal. Apply control signal and ob-=rve that the controllers turns ON
and trips out. Apply reset signal, and observe that the contvoller

“ao + o
Lco Lo .

4.8.7.13 Time tc reset (5.31.13}. Follow the same procedure
as 4.7.8.12, except the reset signal shall be applied for a time du-
ration of 0.5 milliseconds less than the minimum specified time (3.1).
Observe tnat the controller does not reset. Applv & reset signz! for 0.5
milliseconds longer than the maximum time specified i3.1). Observe that
t he Fr\nfrn11nl- coes reget DRaonant +act medinn the cantral cieonal ac o
aac AR Y N S AN I \ ~ 1LTSCT L A\CPCGL LCDL, uu.Lle Sy LSRN AT AR ST DLE,AIGJ an a
means for reset

4.8.7.14 State indication signal (3.11.14). Follow the same

procedure as 4.8.7.1Z, except that, after the contreller trips out, the
state indication signal shall be monitcred.

4.8.7.15 Reset immunity {2.11.15). Connect the controller as
shbown in Figure 1. With the load voltage and the load adjiusted for rated

values, apply the minimum contrcl signal specified {5.1) tn operate the
controller to the ON state. Apply the rated reset =nignal 10 times and

simultaneously monitor the power out circuit to verify no change in the
output state. KRepeat test with control signal adjusted to tnic maximum
turn off veltage specified (2.1
vl QL vOoiila pgoliclield (2.1,

4.8.7.16 Ripple current {(3.11.36). Uith the dc controller
connected as shown in Figure 1, monitor the output icad current and
measure the peak-tco-peak value of ripple current generated by tlhe con-
troller under each of the following icad conditionms: 105 rating, 10C%
ratine anAd chnayt A~ vwmnd s
L dvdlip Qiiyd (SR AN Oy ez Ble.

4.8.7.17 Trip-free characteristic (3.11.17). With the con-

troller connected as shown in Figure I, appiy rated voltage, adjust load
resistor for short circuit, and command controller ON. Observe the
controller trips out. Reset the con;roller and command coatrnller ON.

Mot os e o AN a n e . vA._A ~m A ie o e £ PO TR e L~
d1a liicdlill [ 43 VI L.Ul'lllld[l(_] I or one ﬂ niute mll’llm m alid  ver .LL)" LIjau hnn
controller resets and trips only ce

f

4.8.7.18 INTENTIONALLY BLANK

4.8.7.10 Operating vcltage transiencts (3.11.16} Conract the
controller as shown in T gure 1. Adjust load resistoer {or rate« load,

,,,,,, ! o . generator Tfor C
3.1) maximum turn- .ff signal. Applv rated load vnltaze ior
least 5 seconds and then appiv & voltege tramsient sracified
(3.1). Repeat test for each voltage transient specified (3.1).

R IsY \{ ot ot Ao e d Ciom md 2 o ean me Ernw crmans€iad
i0) UK staité. AdQjust controt 1unction generator 10r speciriied
(3.1) minimum turn-on cienal Annly rate csunnly voltage fAar
(2. 1) minimum turn-on signal. Apply rated supdlv oitage tnr
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at Tanmaca+r B agrmanmda amAd Lo oo Ter = ssmlinac & cd ok acm =S
at ltast o sdrouLonus ald Lneln dpply d vOolidg trdinsieut ospeci=
fied (3.1). Repeat test for each voltage transient specified
(3.1).

4.8.7.20 Transient Spike overvoltage (DC controllers) (3.11.20).
c trollers as shown in Figure 1. Adjust load control resistor

Connect con

fAar satad Tad 3 a7 ~ R o o q

1vUL Iailcd 106ad andgd conitrol. si1 & a.L I0Y p?C Ile(] (3.1) TLurn-oOrIrx 51gnaL.
Annlv snike waveform P noari fiad halnt t~ the nowey snnnt toarminal af
P ol Gt ) it Sl T v \"‘-"-"I) Qo !J A S U S WA W 3 UCT LUW b “uv i1 yU\VQL AAdlpr U e “LOoimmiiaaqd vai
the power controller. The above transient shall then be appiied to th

e he
power output terminal of the controller. The 600 volt dc source shall
have 50%10 percent ohm impedance and shall satisfy the following re-
quirements:

Open-circuit voltage +600 volts peak
Risetime: $.9%0.2 microseconds
Falltime: 10.0%1.0 microseconds
Pulsewidth (50% amplitude points): 5.0+0.1 microseconds
Repetition rate (aperiodic): Not greater than 50 Hz
Source energy capability: Not less than 0.01 joule

4.8.7.21 INTENTIONALLY BLANK

.8.7.22 Control input transients (5.11.22). The following trans-
rents shall be applied between the signal ground terminal and the con-
trol terminal (source impedance is 250 ohms):

(2) A train of ten pulses of plus and minus 100 volts peak ampli-
tude and 10C mlclosecond duration each. repeated 10 times at 3

1N L &) ~ -~ - - - .
{b) Repeat test (a) between terminals. reset and ground, trip
indication and ground control and ground

4.8£.7.23 Zero voltage turn-on and zero current turn-off (3.11.25
and 6.5). Connect the controller as shown in Figure 1. Apply rated load
voltage and adjust load resistor for rated load. With the control func-
tion generator adjusted for rated turn on signal, applv and remove the

al

- A

control signal and monitor the load voltage and current. Repeat test 10
times

4.8.7.24 INTENTIONALLY BLANK

4.6.7.25 Commor mode rejection (3.11.25;. wWith a common  mode
signal of 10 volts peak swept from 1.0 hz to 100 KHz applied between
the cinnal VAT A AarA Tt et A ST miimn WY A slal o AN e
(994 L Sixpliadd riU na alu puwol girouuda \rlgurc 1) 4lld wWlitll a4all Ul LUlllllldUU,
verify that the power controller does not turn OFF or does not intermit-
tently operate between ON and OFF. Repeat the test except with an OFF
command.

~o
[N
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4.8.7.26 DC offset voltage (AL controlilers)(3.11.25). With the
controller connected as shown in Figure 1, apply rated Joad voltage and
adjust the load impedance to values betwsen zero and 100% (10% P.T.
lagging to 10% 1leading). The dc voltazge as measured between the power
input and power output terminal of tne controller shall not exceed the
vaiue specified (3.1).

4.8.7.27 Stahilization time {2.11.27). With the controlier comnnec-
ted as shown in Figure 1, command centraller OFF with load resistor snat
for rated load. Apply rated supply voltiage and observs transiant ontpnt
voltage. After 500 milliseconds, comma2nd controller ON and obzevve
output voltage.

4.8.6 Fail-Safe (3.12). Soerified (3.1) number of power con-
trollers must be constructed with their "pass sections" intentionally
shorted with no more than 0.03 Oth across any <olid state device.
Connect one of these shorted power controllevs zs shown in Fignre 1.
A A L R A _ P P R -~ L PR ~ - PR ol s | 2 1) Avve 1wy
Adjust load resistors for values of current as speciiied (2.1). Apply
r:?’ed .‘nnd xrolt’gnn angd vecard time fzilecafe elemert :al:es to Clear'

a load voltage and record time fail-safe elemer
Repeat for each value specified (Z.1). All l1-szfe tests <hall he

il-sa
conducted with the power controller in an explosive atmosphere as speci-
fied in procedure I, method 511 of MIL-STD-810, if explosive atmesphere
is specified (3.1).

I~

bat o 20 0 - s
accordance with Method 505 of MIL-STD-810. The following details and
exception shall appl

0
3
T
3
o)
D
to
ot
[4ed
s
(3]
tn

{¢) Speccial mounting - Contrcllers., without heat sink, shail be
P S | . PN, P b malisie Rty Atz v At hAar man=hani o AT
suspenasd 1n uwne tesli Charbel LY wwilie UL UGlldcl Lullcat el
ducting metverial in a2 plane parallel to the normal zir flow.

(b) Temperature levels - As =vecified (3.1).

{¢) Loading conditions - No load (4.4.2)
{d) Inspections during test - At each temperature exireme during
ster 7, the tests gi in 3.13.1 shali be performsd.

{e) Inspections after test - As specified in 3.13.1.

<
Q.
e
1
(a) Minimum Temperature - While de-enmergized, the power contraller
shall be soaked for 2 hours minimum while mounted on the
hhhhhhhhh PR T atemls S Lttt amhiant fomnoaratiiroac cnoeci -
dppLule C fi€al S1TIK 111 Midlilull 4aiivliciit Lhwupctirgaituico ovnod
fied (3.1). At the end of the scak period, the controller
23
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shall meet the electrical characteristics requirements of
paragraph 3.11.

Temperature Range - With applied rated load voltage, load
adjusted to the specified value (3.1) and the control voltage
set to the minimum turn ON value (3.1), the output voltage
wave form shall be monitored and voltage drop measured when
the power controller temperature is varied Irom the minimum
stabilized temperature to the maximum specified stabilized
temperature (3.1).

Maximum Temperature- While de-energized, the power controller
shall be soaked for 2 hours minimum while mounted on the
appropriate heat sink at the maximum heat sink temperature
specified (3.1). At the end of the scak period, while main-
taining the specified heat sink temperature, the controller

shall meet the electrical characteristics re

=4 L2 aiICCT L =dailad Liua

paragraph 3.11.

4.8.11 Vibration {(3.13). Controliers shall be tested in accord-
ance with Procedure I1, Method 514 of MIL-STD-810. The following details

and exceptions shall apply:

(2) In Part I the sinusoidal vibration test curve shown in Figure
2 of this specification shall be used.

(b) Delete Part II.

(e) In Part III curve AL shall be used.

(d) The time schedule of Table 512-1V shall be used.

(e) 1Inspections during test - During the entire vibration schedule
the controller shall be cycled 15 minutes OFF apd 15 minutes
ON full load (4.4.2). All parameters shall be monitored con-
tinuously.

(f) Inspections after tests - As specified in 3.13.1.

4.8.12 Acceleration (3.13). Controllers shall be tested ir

accordance with Procedure II, Method 513 of MIL-STD-§10. The following
details and exceptions shall applv:

(a)
(b)

Acceleration level - As gpecified (3.1).

Test conditions =~ In each of six directions the controller
shall be de-energized for one minute with rated load voltage

applied. The controller shall not pass power to the output. In

each of six directions, the controller shall be energized for

Nnar

puv’ve
24
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(c) Inspections after test - As specified in 3.13.1.
4.8.13 Salt fog (3.13). Controllers shall be tested in accord-

ance with Procedure I, Method 509 of MIL-STD-810. The fellowipng details
shall apply:

(a; 1Inspections after exposure - (ootrcllers shall be examined for
evidence of corrosion, peeling, blistering of the finish, and
exposure of base metal

(b) Inspections after Leqt - After the drving pecriod., the contral-
1fied 1n 3.13.1
4.8.14 Temnerature-alti 3 Y hall e8L
in accordance with Procedure I, Method 504, of MIL-3TD-810. The follow-
ing details and exce 1

he)
t
[N
[}
j=)
7]
4]
jon
(oY
bt
(9]

R
=]
—
<

{(a) Equipment category - 3

~
[
!

Tect
iest

{(c) Heat removal - During controllier operation the heat removal
apparatus {4.4.3) shall be adjusted to zliow the case tempera-

ture tc rise te its highest value but not tc exceed the maxi-
mum specified (3.1). Heat remcval parameters shall be monitor-
eC¢ to permit the determination ¢f cocling requirements

(d7 Inmspection after tests - As specified in 2.15.1.

4.8.15 Terminal strength (5.14). Power controller¢ shall be
tested in accordance with Method 11 of MTL-STD-20IZ in acrordance with
the following, as applicabl Unless otherwise spe’ified herein, two:
terminals of each discrete design, size. and configuration sha]; be
tested; however, if there 1is only one of such design, =ize and cor-
figuration, it shall be tested.

terminal tvpes'. Terminals shall be tested
ag 4. The force shall be as specified (3.1).

v e i
¢¢ 1n cest CLonacitiorn. K (two hPHOQ} or C
i a

4.8.15.5 bend test (plue-ir terminals of 2 standarc octal base!.
The lesser of five or all terminals shall be tested in applving a force
of five pounds normal to the axis of the pin within 0.125 inch of the

[
w
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4.8.15.4 Torque test (screw terminals). All terminals shall be
tested as specified in test Condition E as follows:

Screw Size Torque (Lb-In)
4-40 4

6-3 0

§-3

W Wt — o
UL OO
e}

bt
[T |

!
R W o N
£

Following these tests, power controllers shall be examined for evidence
of loosening or breaklng of the terminals and other damage that could
adversely affect the normal operation of the power controller.

4.8.16 Humi r
ance with Procedure I, Method 507

and exceptions shall apply:

rollers shall be tested in accord-
f MIL-STD-810. The following details

(a) Mounting - On a corrosion-resistant panel bv normal mounting
means.
(b) Inspections during test - During Step 7, the controller shall
be subjected to the tests specified in 3.13.1.
NOTE
The dielectric wi ge
shall be measureqd ! Ltage
of 90 percent of the initi potentieal
4.8.17 Resistance to soldering heat (3.13). Power controllers
shall be tested in accordance with Method 210 of MIL-STD-20Z. The following
details and exception shall apply:

(a) Depth of immersion in molten solder - Within 0.060%C.020 inch
of the controller base.

(b) Test conditioms - At 232°%3°C for 60%5 seconds.
(c) Inspection after test - As specified in 3.13.1.
4.8.18 Electromegnetic compatibil:tv (3.13). Controllers shall

1€ Lested as specified in MIL-STD-46..

4.8.19 Shock (3.13). Controllers shall be tested in accordance
with Procedure IV, Method 516 of MIL-STD-810. The following details and
exceptions shall apply:

26




Downloaded from http://www.everyspec.com

(a) Pulse configuration - Half sine wave with level and duration
as specified (3.1).
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ntrol maximum rated :
maximum rated outpul voltage. Controliers shali be continunously cv
ON-OPF at 50% duty cvcle at 30 cvcles per second at maximum rated

erature ior 500 hours, and minimum rated case temperature for
-on vOLLage shall te appliied to the contreol 1nDuL

D> »m (T
O R Cur

o Ut D b
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i

every 24 hou*s {with a minimum of 12 hours between monit
controller shall be monitored for proper opsration for at

At the end of each temperature period, and with the contro
the applicable enviromment, the contrclier shall meet the

nt N~
G4 Ja

oy

an explosive decompression of the surrounding air by changing air pres-
sure from 11.1 psia to 0.65 psis in & time less than 0.0 seconds.

4.8.21 Explosive decompression {5.21). Subject the controller to

5. PREPARATION FOR DELIVERY

{The preparation for delivery requirements speczfied hereirn apply only
for direct Government procurements. Preparatiorn. for delivery re-
i

quirements cf referenced documents listed Section 2 de not apply
)

urless specifically stated im the contract or orger. Preparation for
delivery regquirements for products procured by contract.. shall be as
specified in the individual order.)

5.1 Preservation and packaging. Preservation and packaging
shall be Level & or L, as specified (6.2,

Ty

Towal A
LTVTL A

wr
b
—t

.1.1.1 Cleaping. Power contrecllers shall be cleaned in accord-
ance with MII-P-11¢, process C-1.

-

Drving. Power contrcllers snall be dried 1in accordance

~-Db-

T L
[N,
=t b2

,
o
b oto

14
i<G

5.1.1.3 Preservation application. None required.

PO
~J
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5.1.1.4 Unit packaging. Unless otherwise specified (6.2),
power controllers shall be individually packaged in accordance with the
thods of MIL-P-116 designated herein insuring compliance with the
requirements paragraph under methods of preservation (unit
ion) and the phv51cal protection requirements paragraph therein.

studs shall be blocked or cushioned to

) [+ revent
un 18 Studg Sshall De DIQCKE cus revent

n
Y

5.1.1.4.1 Hermeticallv-sealed power controllers. Hermetically-
led controllers shall be individually packaged in accordance with

5.1.1.4.2 Non-hermeticallv-sealed power controllers. Non-
hermetically-sealed controllers shall be individually packaged in ac-
cordance with MIL-P-11¢6, IA-8.

5.1.1.5 Intermediate pacKaglng Power controllers, packaged
as describe 1.1.4, shall be pl in intermediate containers

—
~ i a

confomung 3 P-R-676. T iners shall be

uniform in size, shape, and quantities, shall be of minimum tare and

cube, and shall contain multiples of 5 unit packages, not to exceed 100

packages or 10 pounds. No intermediate packaging is required when the

total quantity is shipped to a single destination is less than 50 units.

shall be individually packaged in 2 manner that will afford adeguate
protection against corrosion. deterioration, and phvsical damage during
shipment from supply source tc the first receiving activity.

5.1.2 Level C. FEach cleaned and dried power contrcller

5.2 Packing. Packing shall be Level A, K or C, as speci-
fied (6.2) )

5.2.1 Level A. The packaged power controllers shall be
packed in fiberboard containers conforming to PPP-B-636, class weather
resistant, style optional, special requirement. In lieu of the closure
and waterproofing requirements in the appendix of PPP-B-636, closure and
waterproofing shall be accomplished by sealing all seams, corners, and
manufacturer's jeints with tape, 2 1nrhes minimum width conforming to
PPP-T-60, Class 1, or PPP-T-76. Banding (reinforcement requirements)

©306

shall be applied in accordance with Lhe appendix to PPP-B-
nonmetallic or tape bending ornly.

5.2.2 Lev
packed in fiberboard ¢ : 3
stvle optional, special requirement. Closures shall be in acco
with the appendix thereto. For Armv procurement, fiberboard conta
shall be class weather-resistant as specified in Level A.

28
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5.2.3 Level €. The packaged power controllers shall be packed
in shipping containers in a manner that will afford adequate protection
against damage during shipment from the supply source to the first

receiving activity. This pack shall conform to the applicabie carrier
rules and regulations.

€ with the

5.2.4 Unitized loads. Unitized loads, commensurat
level of packagin g specified in the contract or orde shall be used
wpenever quantities for shipment te one dest 1nation equal 50 cubic feet
or more.

5.2.4.1 Level A. Power controllers, packed as specified in 5.2.1,
shall be placed on a pallet, load type 1, conforming to MIL-STD-147. A
fiberboard cap, having two sides extending down the stacked load at

least 12 inches, shall be positioned over the load to accommodate mark-
ing requirements. The cap shall be in accordance with PPP-F-320, class
weather resistant. The load shall be strapped to the pallet.

5.2.4.2 Level EB. Power controllers, packed as specified im 5.2.2,
shall be unitized as specified in 5.4.2.1, except that fiberboard cap
shall be class domestic. For Army use onlv, caps shall be weather re-

sistant as specified in Level A.

5.2.4.3 Level . Power controllers, packed as specified in 5.2.3,
shall be unitized as specified in 5.2.4.1, except that pallet and cap
shall be of the type, size. and kinc¢ commonly used for the purpose and
shall conform to the a;nl cable carrier rules and regulations.

5.3 Marking. In addition teo any special marking required bv
the contract or order, each unit package, intermediate, and exi~rior
container shall be marked in accordance with MIL-STD-120.

5.4 General. Exterior containers shall be of ainimum tare

and cube consistent with the protection required and shall contain equal
antities of identical stock numbered items to the greatest eXtent
s

5.5 inspection. Inspection of military packaging shall be in
accordance with 4.7.3.

- n N

A~
C. NULLD

cation are intended for use in controlling the making and breaking of
power circuits for electrically operated equ1pment and devices; and for

providing overload and short-circuit protection in direct and alterna-
ting current (single or multiphase) electxlcal systems. Their primcipal
areas of application are for aircraft, missiles, spacecraft, and ground
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support equipment.This does not preclude the use of power controllers in
other military applicatiens.

6.2 Ordering dat Procurement documents should specify the
following:
6.2.1 Categorvy I (power controllers covered bv specification

sheets) (3.2.1).

~~
w

p—g
-3

- and d

4
i ail

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

{(c¢) The packaging and packing level required (Section 5).

(a) Title, number, and date of this specification.

i
[¢]
[+$)
ot
P
@]
fa]
1)
pub
=
m
m
-+
n
(o)
X1

(¢) Military part number of similar qualified power controller.

{(d) Manufacturer's part number of modified power controller.
{e) Details of the variations from the specification sheet.

{(f) Inspection requirements (to verifv variations from Categorv I
P q : . gor
power controllers)(4.6).

e A - A P PR, (2 a e )
Tests to be performed (if any)

~~
[y
~—

(2) The laboratory at which inspection

=]
"
o
o
fogt
8]

w3
(1]
(a1
-+
[
]
=3
D
(oW

(3) Samples and submission data, if other than that speci-

fied.
(g) The packaging and packing level specified ({see Section 5).
6.3 Indirect shipments. The preservatior and packaging,

packing and marking specifiec¢ in Section 5 apply onlvy to direct
purchases by or direct shipments tc the Government and are not intended
to apply to contracts or orders between the supplier and prime con-

tamt~
LiaviLul,

30
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L /. N1 200 . Y s » . _ A e N PR, RS B
.4 yudliiricdrion. wiihn l'espeCL, Lo roguctis requiring (guatll-
ficationn awavrde will ha mada anluy far enrcrh neaductce ac bave nriecy Foa
~ 2L iUk SWGLao AoAd Yo amautc viiiy LU L Sl pruldLes Q3 sy | SEAR A iy
the time set for opening bids,; been tested and approved fer inclusien in
the applicable Qualified Products Lists whether or not cuch products

have actually been so 1listed by this date. The attention of the
suppliers is called to fhis requirement and manufacturers are urged to

arrange to have the products they propose tc offer tec the Federai Gevern-
maont toctaod Far Anvaldl £ mat dAam 4 ~ae R - e e lemer smomse N N ~
[ty S0 LeELed 1Vl JuadlilldLbivls 11 vruel Lila b \UL_\ lid} )t TLAE L Le Lo ne
awarded contracts or orders for the products covered hy this speci-
fication. The activity responsible for the Qualified Products List is

the NAVAIRSYSCOMHQ (Naval Air Systems Command), Wwashingion, DC 203671,
and information pertaining to qualification of products may be ohtained
from that activitv.

6. 41 Coniec of "Pravieinne Gaveynine ODnnslificatinr SN-A" maw

e - e o ~a 4 A UVY ALODAVIIO U\’V\.LMLIIE WUG L Ld Q- d a1 ] allaw\
be obtzined upon application to the Commanding Cfficer, Navai Publica-
tions and Forms Center, 5801 Tabor Avenue, Philadelphia. PA 39120

6.5 Definitions. The definitions listed telow are nol & compl
Y Ao no s ~ - N .
glossary of solid state power contrcller terminology, but rvather are
intended 2<c definitaiame A thao torhmseca]l $awmme ne annlind within +hico
......... - o Mol LA vaviIO Py w1z (S5 SR NN S O S N LT LS o QAW d Aoy A Y LR “ilao

o)
U
"

Power controller. A& power contreller is a device provid-
ng an ou,put power switch which presents a low impedance between its
upplyv and i1oad terminals when in the ON state and a high i1mpedance in
he

The state of the power switch normallv conforms tc that represented bv a
command signal externally applied to the Controller.

ine state cof the power switch is represented by an inadication signal.

T[le CQ!}tY‘Q]]Pr trince tAn +4cniate tha leaa ~ivenat fram he cimmnlvyv nn
----- bl S -\ IOV LU e il PEANEZAR ] A PO SR VAL LRy Bl i S ARS Y
detection of an electrical overioad, or limits the current to a speci-
fied value
©.5.2 I NTIONALLY ELANK
A 5 3 TNTENTTAMATTVY D7 AWT
e e O 4 AV L odVd LVIVYIILa40d PUNOI VA B oY
t.5.4 Current limiting. A protective characteristic of = con-

trcller which limite the output current to & specified value. This limit
thus aefines the meximum valuve c¢f overload current prior 1.6 Lripping.

A T ML e oA _a —- e Ao A€ miieiam o i Al sacnlé o
Veded i LH il1e duiomdtitlc 1lIilecerrupilion ol uLlCu wWititlll ICSSULLD
from eiectrical overloads.

W
—
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6.5.6 Trip-free. A characteristic which will not allow a device
to be maintained ON with a continued application of an input signal when
carrying an overload current that would normally cause the device to
trip.

a2
acteristic that requires the power contro ller to turn ON and turn OFF
only at the half-cycle zero crossing point when connected to & resistive
load, regardless of when the control signal is applied or removed.

VA < o] [ S, my L:_
U.o.0 1P Lime. 11ie L1im

r e
overload or fault and the 10 perc

+3

apse application of an
nt

6.5.9 Reset. The restoration of the tripped power controller to
a state from which it can be turned ON.

6.5.10 Turn-on signal. The control signal level at which the
power controller is turned ON,

6.5.11 Turn-off signal. The control signal level at which the
power controller is turned OFF.

£ B 19

Cuiimmnlyr wynl 4+ ann Tha [ Arven 13 A Thaotwaan +ha Ao
L s R L)Li‘k) P VULLGEC . 4 01T VU L\.OEE a J})_L.LCU Vo Lew Ol [SP 9 Sy }’\JWLA
input terminal of the controller and the power ground

6.5.13 Load voltage. The voltage between the power output term:-
nal of the controller and the power ground.

H R 14 Thrivn -~
C.o.i5 i

6.5.15 Turn off time. See figure 3.

6.5.16 Rise time. See (a) of figure 3.
6.5.17 Fall time. See (a) of figure 3
6.5.18 INTENTIONALLY BLANK

£.5.19 ON state. That condition which, with the turn on signal
applied, the device allows power tc be passed to the load.

6.5.20 OFF state. That condition when the device prevents power
from being passed toc the load.

6.5.21 Short circuit. A short circuit is defined as a verv low
impedance applied between the output terminal and ground.

6.5.22 Application timp to reset. The time interval the reset
signal must be applied to cause reset (3.1).

e T 8 Y o F
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PO |

6.5.23 Removal time to reset he time interval th contro
signal must be removed before re-application to cause reset (3.1).
6.5.24 Nonrepetitive reset. The minimum specified (3.1) time

interval between tripout and reset for which the trip charcteristics are
P - |
valld.

6.5.25 Rupture current. The value of current in a circuit which
reflects the capabilities of the power source without the effects of the
controller.

-

©.5.26 Power dissipation. When the power controller is ON, the
power dissipation shall include all power dissipated in the power switch-
ing circuit, power losses due to inter

nal leakage currents, and power
supplies. Control input and reset signals shall be excluded. When power
controller is OFF, the power dissipation shall include only dissipation

due to leakage currents and internal power supplies.

6.5.27 Peak let through current. The maximum wvalue of current
available te the load through the device during the first 100 micro-
seconds after application of the overloaé or fault condition. (See
Figure 4)

Custodians: Preparing activity

Navy - AS Navv = AS

Air Force - 11 (Project No. 6110-0028)

Army - ME

Keview activity:
A . T . .
AaAllr rorce -

8]

o
g
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Table I (4.3)

MATERIALS INSPECTION

Material

Requirement Applicable
Paragraph Specification
Plastic 3.4.1 MIL-P-9G7, MIL-P-15037,
MIL-P-15047, MIL-M-14
Ceramic 3.4.2 MIL-I-10
Rubber 3.4.5 ZZ-R-765
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Table I (4,3.2)
QUALTFICATION INSPE-TION

1 MoLoof 1
Examinatior or T Reauirement Moathad fanrie Tnite
I Fatagrapn Tararra } T el :
I \'.H)U_E B E ‘ .
| ' | | | |
I Concitioning {run 1w s [ 7 l w :
[ Vasua: and mechanica. oxanination BN N P~ . t ! '
| Externagl o, ' :
i ' : i
Sea. - |
Liesectric withstancing voltage
Insulat:on resistance r
Tleotrical chararteristics . EP e 4
Turn ot voltape ET T
Turs or veltay S :
. Jurno oot ol i P
Jure ar o tir 3. . | |
vad veLlape rase oand fallorpne P ‘
solatior -
Contra! anpu b0 T
Vortare dron e -k +
leakape currens T PR :
; bower aissinat bon St b P i
: Gverioac characteristics ( R PR | ! |
Conraination ! LT |
WUpPLUTC ~apagity . 3 ’ i ‘ ;
he veltape [N ' I i '
Keses time ‘ [P ] .ot ! |
Staty indication [ [ i o !
Keser frmantt 1 ‘ . kb E . ] i
| Riprle current I BN " J ! ‘
i Jrip free characceristics P ’ Tt ! | ' '
: Gperating voltage transient t 2 \ i I : ! ;
Transient snike avervoltage J i o o ! !
? Jontral input transtent: ! N s . ; w .
: Lerc vaitape rurn o on and i D : : :
i Ao 2cre carrent turn of 1 ‘ i ‘
i Common moce Tevect aor i R LorT ! ! i
i DI oaltser veltan o N ' ! ' i |
Stabilszatior timg N | 1 .
' Fail sate \[ - : 1 J [ '
L i ! !
‘ Grove 11 ‘ ? ' i
| SR ! P .
Vo : N PN
PoTEmMpeTatare S . N : - N ! ! |
Vihratiog i | " I : i j
| Arcelerating [ i i ‘ i
| Salc ur T ‘ L | :
I Temperature aitituce “ 2 € k | k ¢
i dlerminal strengtr - - : - I ) /
| Fumsdice K - ‘ ( ! i
| seal PRES i | | :
" Oncrations temtirature exteemes ‘ s L | i ! !
! Visual ana mernanica. oxaminaticn i TN .. C- ! ‘ | i
i oz, e, C [ ‘
I e P Y ?
It ’e
| 1 |
| ; | i |
| Clectromapnert i @ ompatii .ty , : b =~ Y I
‘ Jerminal strenpt: ' . ' | i
 Shoce : s : | t
L oSeal : H L. ! : :
S Flectricas chararteriut:ic: ! ! i - ! . ;
i Jure of el L. | . N . B .
fure an veltage i . [E 4 ; y i
Ture af o tame oLl ! 13 : | | ' “ '
’ Turn on time : 2 joeeET J I ; | :
Control 1nput P | | I
| Gutpur voltape drap PN & ] ‘ }
| Power diss:ipation l EF R i
I Visua! and mechanicai examination [ L l | I | ' l
3.5, 317, ]
I l 3. 18 ' l J I J ‘

]

(1) Four extra samples (4 total of 8)

i
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Table III (4.7.1.2)
GROUP A T

Requirement Method No. of Sample Units
Exasmination or Test Paragraph Taragraph te be Inspected
1
Conditioning (run-in} 3.t L.E.2
Pielectric withsranding voltage 3.¢ w E0S 1007
Insulation resistance 3010 4,806 Ingpection
Clectrical characteristics: 3.11 4.6.7
Turn off voltage 301000 . 8.7 AQL Not
Turn or voltage 3,111 4,807 Applicabie
Turn off time 3.1z  BLUTLD
Turn on time 3.11.2 L.8.7.02
Control input 3.11.5 L.8.7.5
Voltage drop 3.11.¢€ 4.8.7.6
Leakage current 3.11,7 4.8.7.7
Overioacd characteristics 3,116 7.0
Coordination 3.11.10 .10
keset volrtage 3,110,402 Y
Keset time EPR DU LiG
State indication I e
Zero volrage crossover turn 3.11.23 .23
on and zero current Cross-
over turn off
Common mode rejectiorn 3,011,258 «.8.7.25
DC offset voltage 3011, 2¢ LHUBLTL26
11 1007
Visual and mechanical exam- SLi, Zla, G.8.] ADL Te
ination iexternall LR, BT, Maior
.18 Miney =, 07
Table TV
GROUT b INSPECTION
} Ne. of Neo of
Examination cor Test heguivrement Method Sample Unit: Faliures
Faragraph avagranh Te by Tested Allowec
Dielectitvlc witnstanding voltage oWt L.80° 3 W
Insulation resistance S Gkt | |
Turn off voltage Sodlad .87
Turn on voltage 3.11.: 4.8.7.01 G ¢
Power Dissipation 3,118 4,8.7.8
Operation voltage transient 3.11.19 4.8.7.19 I I
Temperature shock 3.13 4.8.9 J J
Seal 3.8 4,8.4 i -

36
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4 J T PWR J N
f CON I'ROL IN ¢— ? \ A / t ﬁ
~ oy
DEVICE “A" l
l CNT'L owf *— i
] GND ouT j 1
¢ ¢ / /P\

POWER
SUPPLY

CAL o/ LOAD
S

DEVICE "8"

Fic. 1 ) /
' |
lCG:‘V‘TR‘OL PWR @ T
Y N 1"— i

1 )

L ent'L PWR

\TGND ouT " VWNW—"—%

L J

FIGURLE 4. TEST CIRCUIT (4.&.7.10)
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FIGURE 3. ILLUSTRATION OF TIMING CHARACTERISTICS
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STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

INSTRUCTIONS: This form is provided to solicit beneficial comments which may improve this document and
enhance its use. DoD contractors, government activities, manufacturers, vendors, or other prospective users of
the document are invited to submit comments to the government. Fold on lines on reverse side, staple in corner,
and send to preparing activity. Attach any pertinent data which may be of use in improving this document. If
there are additional papers. attach to form and place both in an envelope addressed to preparing activity. A
response will be provided to the submitter, wher name and address is provided, within 30 days indicating that
the 1426 was received and when anv appropriate action on it will be compieted

NOTE This form shall not be used to submit requests for waivers, deviations or clarification of specification
recuirements on current contracts. Comments submitted on this form do not constitute or imply authorization
Lo waive any portion of the referenced documentis) or to amend contractual requirements.
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C. REASON FOR RECOMMENDED CHANGE!S!

2. REMARKS
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