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Aeronautical Systems Division, Attm ASNPS-20, Wright-Patterson Air Force Base,
Ohio 45433.

● ✌

ii

I

● 1

..

.

●

I

Downloaded from http://www.everyspec.com



MIL-STD-O0415C(USAF)
21 October 1968

CONTENTS

SECTION

1.

1.1

1.2
1.3

2.

3.

4.

4.1
4.2
4.3

5,

●
5.1
5.2
5.2.1
5.2. 1.1
5.2. 1.2
5.2. 1.3
5.2.1.4
5.2. 1.5
5.2. 1.6
5.2.2

5.2.2,.1
5.2.2.2
5.2.2.3
5.2.3
5.2.3.1
5.2.3.2
5.2.3.3
5.2.4
5.2.4.1
5,2.4.2
5.2.4.3
5.2.4.4
5.2.4.5

SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Coverage . . . . . . . . . . . . . . . . . . . . . . . . . . .
Purpoee . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Classificationoftestprovisions . . . . . . . . . . . . . . .

REFERENCEDDOCUMENT . . . . . . . . . . . . . . . . .

DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . .

GENERAL REQUIREMENTS. . . . . . . . . . . . . . . . .

Applicabilityofstandard.. . . . . . . . . . . . . . . . . .
Analysisofenditem . . . . . . . . . . . . . . . . . . . . .
Qualityassurance . . . . . . . . . . . . . . . . . . . . . . .

DETALREQUIREMENTS. . . . . . . . . . . . . . . . . .

Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Testcapabilities . . . . . . . . . . . . . . . . . . . . . . .

General design considerations . . . . . . . . . . . . . . .
Accuracy . . . . . . . . . . . . . . . . . . . . . . . . .
Maintainability . . . . . . . . . . . . . . . . . . . . . .
Accessibility . . . . . . . . . . . . . . . . . . . . . . .
Degradationanddamage . . . . . . . . . . . . . . . . .
Leadandwirelengths . . . . . . . . . . . . . . . . . .
Weightand space . . . . . . . . . . . . . . . . . . . . . .

Automatic checkout and automatic monitoring
capabilities . . . . . . . . . . . . . . . . . . . . . . . .
Automatic checkout capability . . . . . . . . . . . . . .
On-board/on-site automatic monitoring capability . . .
Externsl receptacle(s) . . . . . . . . . . . . . . . . . .

BIT capability . . . . . . . . . . . . . . . . . . . . . . . .
Applicability of test provision classes. . . . . . . . . .
Self-test provisions . . . . . . . . . . . . . . . . . . .
BIT provisions . . . . . . . . . . . . . . . . . . . . . .

Test points . . . . . . . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . . . . . . . . . . . . . .
Quantitative testing . . . . . . . . . . . . . . . . . . . .
Externsl test points . . . . . . . . . . . . . . . . . . .
Internal test points . . . . . . . . . . . . . . . . . . . .
Mechanical test points . . . . . . . . . . . . . . . . . .

PAGE

1

1
1
1

2

2

3

3
3
3

3

3
4
4
4
4
4
4
4
5

5
5
5
5
:6
6
6
6
6
6
6
7
7
7

. . .
111

Downloaded from http://www.everyspec.com



I

I

MIL-STD-O0415C(USAF)
210ctober 1968

CONTENTS (CONT’D) ~

SECTION

5.3 Human engineering requirements . . . . . . . . . . . . . .
5.3.1 High voltage hazard . . . . . . . . . . . . . . . . . . . .
5.3.2 Marking andcolorccding.. . . . . . . . . . . . . . . . .
5.3.2.1 Marking oft.est points . . . . . . . . . . . . . . . . . .
5.3.2.2 Marking of meters . . . . . . . . . . . . . . . . . . . .
5.3.2.3 Color coding of test points... . . . . . . . . . . . . .

6. NOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6.1 Intended use . . . . . . . . . . . . . . . . . . . . . . . . .
6.2 Ordering data . . . . . . . . . . . . . . . . . . . . . . .

iv

PAGE

7
7
7
7
8
8

8

8
8

Downloaded from http://www.everyspec.com



MIL-STD-00415C( USAF)
210ctober 1968

This limited coordination Military standard has been preparedly
the Department of the Air Force based upon currently available
technical information, but it has not been approved for pro-
mulgation as a coordinated revision of Military Standard
MIL-STD-415B. It is subject to modification. However, pending
its promulgation as a coordinated Military standard, it may be
used in procurement.

1. SCOPE

1.1 Coverage. This standard establishes design criteria for test provisions that .
permit the functional and static parameters of electronic systems and associated
equipment to be monitored, evaluated, or isolated. These test provisions consist of
the following:

a. An external test receptacle for connecting automatic, semi-automatic, or manual
checkout equipment or automatic monitoring equipment (see 5.2.2).

b. Abuilt-in test capability (see 5.2.3).

●
c. Test points(see5.2.4).

1.2 Purpose. The purpose of thisstandardis to provide testprovisionsthatwill
adequatelysupporta definedmaintenanceconcept.

1.3 Classificationof test provisions. For the purpose of thisstandardtestpro-
visionsare classifiedby theend item levelofmaintenancetheyare tosupport.Some
provisionsmay supportmore than one maintenance level.

1.3.1 Class A test provisions. Ciass A test provisions evaluate end item perfor-
mance. They provide the means to determine whether the end item is functioning
within the performance limits specified in the end item specification.

1.3.2 Class B testprovisions. Class B testprovisionsfaultisolateend item mal-
functionstoa replaceableunit.(RU).

1.3.3 Class C test provisions. Class C test provisions fault isolate enditemmal-
functions toa replaceable item (RI).

1.3.4 Class D test provisions. Class D test provisions consist of test points (jacks,
terminal boards, circuit junctions, etc. ) that isolate malfunctions of items that have
fixed circuitry (sucbas printed circuits, circuit cards, modules, eti.) tom individual
circuit and piece part level.

1
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2. REFERENCED DOCUMENT

2.1 The following document, of the issue in effect on the date of invitation for bids
or request for proposal, form a part of this standard to the extent specified herein.

MIL-STD-1472 Human Engineering Design Criteria For Military Systems,
Equipment and Facilities

(Copies of specifications, st,~dards, drawings, andpublications required by suppliers
i.n confection with specific procurement functions should be obtained from the pro-
curing activity or as directed by the contractin gofficer.)

3. DEFINITIONS

3.1 The terms used in this stsudard are defined as follows:

a. Test provisions: ‘Fheend item parts and circuitry which provide a capability for
testing the end item or associated end items.

b. End item: A system, subsystem, equipment, replaceable unit (RU), or replaceable
item (RI).

c. Automatic monitoring equipment (AME): An equipment that is designed to auto-
matically conduct analysis of functional or static parameters, evaluate the degree of
performance degradation, and perform fault isolation of end item malfunctions. ●
d. Automatic checkout equipment (ACE): Anequipment designed to check functional
parameters and to perform fault isolation of end item malfunctions.

e. Test uoint: A convenient and safe access to a single point in a circuit ormech-
snism used to measure or inject a significant quantity for the purpose of evaluating
or troubleshooting the circuit mechanisms.

f. Replaceable unit (RU): Any unit that is designed and packaged to be readily re-
moved and replaced without unnecessary calibration or adjustment.

‘& Replaceable item (RI): An item that is designed and packaged inan RU for ready
removal and replacement. In general, a plug-in module is considered a replaceable
item.

h. Go-no-go testing: Testing that presents results by visual display. Go-no-go
teeting is further divided ‘into presence and comparative testing.

(1) Presence tests. Presence tests verify the presence, or absence, of end item
~

signals or characteristics. Such signals or characteristics are those which are not
tolerance critical to operation of the end item.

2
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(2) Comparative tests. Comparative tests compare end item signal orchsracter-
istic values with a specified tolerance band and present the operator with a go-no go
readout; a “Go” for signals within tolerance, and a “NoGo” for signals out of
tolerance.

i. Marginal testing: Testing that presents results onsnindicator thathss tolerance
zones for evaluating the signal or characteristic being tested. (For example: a green
zone might indicate an acceptable tolerance range; a yellow zone, a tolerance range
representing marginal operation; and a red zone, a tolerance that is unsatisfactory
for operation of the end item. )

L Quantitative testiq+ Testing that monitors or measures the specific quantity,
level, or amplitude of a characteristic to evaluate the operation of an end item. The
output of such tests are presented as finite or quantitative values of the associated
characteristics.

4. GENERAL REQUIREMENTS

4.1 Applicabilityof standard. The requirements ofthisstsndardshallapplytothe
extentspecifiedby the referencingspecificationor the contract. When this standard
is referenced by the detail specification or the contract without additional limiting
requirements, this standard sh,all apply in its entirety.

o 4.2 Analysis of end item. The contractor shall analyze the enditem design to
determine the test provisions that are required to support it. The type, amount, and
configuration of test provisions shall be compatible with the end item maintenance
concept approved by the procuring activity. When the contract requires a guidance
meeting the analysis shall also be governed by the decisions made during the meeting.

4.2.1 The contractor shall consider all levels at which the end item is to be main-
tained such as organizational (flight line/on-board/on-site), field, or depot levels of
maintenance. In determining the testprovisions to beprcwi.ded the contractor shall take
into account the environments in which theitemis to be maintained and the skill levels
of the personnel who will use the provisions. He shall ensure that no area of end item
maintenance is overlooked. Inherent self-test capabilities shall be considered. The
contractor shall insure a minimum of duplication in the capabilities of test provisions
ultimately decided upon.

4.3 Quality assurance. Test provisions shall meet as a minimum the same design
requirements and quality assurance provisions specified in the applicable specifi-
cation for the end item of which they are apart.

5. DETAIL REQUIREMENTS

5.1 Design. Test provisionsehalllx?providedinenditemstofacilitateperformance
evaluation,malfunctiondetection,and maintenance.The specifictestprovisionstobe
designed as part oftheend item shalldepend,for the most part, upon the operational

3
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and maintenance demands placed on the end item by the maintenance concept, or the
contract. The design of test provisions shall assure that their operation is simple,
fool proof, and fail safe. Their complexity shall be minimized consistent with the
achievement of the requirements specified in the end item specification and this
standard.

5.2 ,,Test capabilities. Test provi sioris shall include one or mor~ of -@e test- capa-”
bilitles specified here&.
<, !’.1 . ! 4 ., ...
5.2.1” General d&i gn consider{tibns

5.2.1.1 Accuracy. The design of test provisions shall permit accurate, decisive,
and repeatable measurement of e n d item ,characteristics and parameters. The
accuracy of testing or sensing circuitry shall exceed that of the characteristic or
parameter being tested or sensed.

5.2.1.2 Maintainability. The design of test provisions shall be such that the pro-
visions can be readily maintained with a minimum expenditure of manhours tid with
minimum downtime of the item in which they are. contained.

5.2.1.2.1 The design shll utilize readily ,av?ilable and reiiable parts. ,Th:. number
ard type of parts used shall be held to a,minimum consistent tith providing the re-
quired capability. Parts and components requiring a minimum of adjustmerit, cleaning,
and protection shall be used. ●
5.2.1.2.2 To the maximum extent practicable, modular consfhct:on shall be used.
The arrangement and mounting of parts shall be such that test provision malfunctions
can be readily isolated and the cause of the malfunction corrected by simple replace-
ment of modules or plug-in components.

5.2.1.2.3 The design of test provisions shall include a capability for verifying that
the end item is operational. Provisions requiring calibration shall be kept to a mini-
mum. When calibration facilities are necessary, they shall be so designed that.cali-
bration can he easily performed and that the time between calibration is as great as
possible.

5.2.1.3 Accessibility. Test provisions shall be so designed that they provide the
optimum of accessibility to equipment and personnel.

5.2.1.4 ‘Degradation- and damage. The design or: use of test provisions shall not
degrade the performance of tiie end item in which they are contained. The provisions
shall also be provided with adequate overload or decoupling protection to insure that
the provisions are not damaged by end item signals or characteristics which may
exceed specified tolerances.

5.2+5 Lead and wire lengths. Test provision wiring shall he routed to minimize
possible EMI effects and to restrict wire lengths tci a minimum.

4
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5.2.1.6.1 The selection of parts and design of test provisions Still tie such tfiat the”>’
provisions are incorporated in the end item with a minimum addition of weight and
requiring a minimum of space. The contractor shall make maximum use of state-of-
the-art miniaturized components and miniaturization techniques. When integrated
circuit desi~ is practical, it shall he employed to the maximum extent possible.

5.2.1.6.2 Unle6s a deviation is obtained from the procuring activity, the Weigfft:of,
test provisions incorporated in airborne equipment shall not exceed three” percent- of’
the weight of the item in which it is contained.

5.2.2 Automatic checkout and automatic monitoring capabilities

5.2.2.1 Automatic checkout capability. The automatic checkout capability shall per-
mit automatic checkout equipment (ACE) to conduct analysis of functional parameters
of an end item to evaluate performance and to determine location of a malfunction.

5.2.2.1.1 Applicability of test provision classes. Class A, B, and C test provisions
shall be applicable to the automatic checkout capability.

5.2.2.2 ~. The on-board/on- site
automatic monitoring capability shall permit automatic monitoring equipment (AME)

●
to conduct analysis of functional or static parameters of an end item to evaluate the
degree of performance degradation and to determine location of a malfunction.

5.2.2.2.1 Applicability of test provision classes. Class A, B, and C test provisions
shall be applicable to the on-board/on-site automatic monitoring capability.

5.2,2.3 ~. Automatic checkout or automatic monitoring of an
end item shall be accomplished by the availability of an accessible electrical recep-
tacle(s) that is flush mounted on the end item. The electrical receptacle(s) for auto-
matic checkout and monitoring shall be readily accessible for connection to ACE and
AME. When ACE receptacles are available on the end item, AME shall make maximum
use of these receptacles.

5.2.2.3.1 The external receptacle(s) will be utilized by either automatic, semi-
automatic, or manual checkout equipment.

-. . 5.2.2.3.2 ‘~he external receptacle(s)’ shall be: provided to facilitate f the automatic
checkout capability or the automatic monitori~ capability even though a built-in test
capability or test points exist in the design of the end item.

5.2.2.3.3 The arrangement of receptacle(s) shall provide maximum utilization of
the space available on the accessible surface of the efiil item. Where multiple recep-
tacles are used, the space between such receptacles shall not be less than 1 inch.
Receptacles shall be of the quick disconnect type.

5
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5.2.3 BIT capability.The built-in-test(BIT)capabilityshallevaluateenditem mal-
functionsby means of self-testor BIT provisions.The built-in-testcapabilityshall
facilitatethefollowing:

a. Go-no-go testing. Unless thecontractor approved maintenanceconceptspecifies
otherwise,go-no-go testingas definedby thisdocument shallbe primarilyused to
satisfytheBIT capability.

b. Marginal testing. When criticalend item parameters or characteristicsare
subjectto change or driftand BIT capabilitiesmust be used,theseareas shallhe’
testedby marginal testingtechniquesas definedinthisstandard.

5.2.3.1 Applicabilityof testprovisionclasses. Class A and B testprovisionsshall
be applicabletotheBIT capability.

5.2.3.2 Self-testprovisions. Self-testprovision shallbe an inherentpart ofan
end item. These provisionsshallserve a dualfunction;end item performance evalu-
ation,and complementing BIT provision toprovideend item testing.

5.2.3.2.1When self-testprovisions are practical,the contractorshalluse them;
however, theiruse shallnotjeopardizetheoperationor performance oftheend item.

5.2.3.3 BIT provisions. BIT provision shallbe added to an end item forthesole
purpose of testingthe item. They ehallbe simple indesignand operation,accurate,
easilymaintained,preferablymore reliablethanthecircuitryprovidingperformance,
and shallnotdegrade theperformance oftheend item inwhich theyare incorporated.

5.2.3.3.1Ease of operation. BIT provisionsshallprovideoptimum convenienceof
use and operatioq.The deeignofcontrolsand read-outdeviceeshallbe such thatthey
can be easily used and interpretedby low skillpersonnel.To themaximum extent
possibleitshallbe possibletooperatetheprovisionswithminimum referencetoend
item handbooks.The need for externalequipmentor toelstosupplementthistesting
capabilityshallbe minimized.

5.2.4 Test points

5.2.4.1 Designation. Test points shall be provided for end item parameters end
characteristicswhich require testingand are not testedby othertestprovision.
Test pointcapabilitiesshallnotduplicatethecapabilitiesoftheothertestprovisions
unless specificallyapproved by the procuring activity.Tbe number oftestpoints
shallbe kepttoa minimum butsufficienttoprovidethescope ofmaintenancerequired
ofthem.

5.2.4.2 Quantitativetesting. To the maximum extentpractical,testpointsshallbe
used toperform quantitativetestingas definedby thisdocument.

6
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5.2.4.3 External test points. When the maintenance concept or contract directs
external test points be provided, they will be limited to fulfilling the Class A and B
test provision requirements of this document and shall he located at a readily accee=, :-+,
sible surface of the end item. The test points shall provide for the connection of
electrical or mechanical external measuring or stimuli equipments. Unless otherwise
specified by the prcxuring activity, electrical test points shall be of the jack type
design.

5.2.4.4 Internal test points. Internal test points shall be limited to fulfilling the
Class C and D test provision requirements of this document and shall he located with-
in the end item. These test points shall provide for the connection of electrical or
mechanical measuring or stimuli equipments. Class .C electrical test points shall be
of the “stand-off” terminal type. Class D electrical test points shall preferably be of
the stand-off type, hut when circuit junctions are readily accessible for connection of
the above specified equipments, the junction may be considered as a test point.

5.2.4.5 Mechanical test points. When characteristics of the end item are to he
tested by mechanical means or the item is to be provided with mechanical inputs, the
associated mechanical test points shall be designed to utilize general purpose devices
or tcmls to the maximum extent possible. In no case, however, shall the design of the
required testing capability be degraded to utilize existing equipment.

5.3 Human engineering requirements. Human engineering design criteria and

●
principles shall be so applied in the design of test provisions that safe, reliable, and
effective performance by operator and maintenance personnel is achieved and person-
nel skill requirements and training time are minimized. The design of test provisions
shall conform with the applicable detailed human engineering criteria established in
MIL-STD-1472.

5.3.1 High voltage hazard. Wlen operation or maintenance of anend item employing
potentials in excess of 300 volts requires that these voltages be measured, the end
item shall be provided with test provisions so that these voltages may be measured
at potential levels of less than 300 volts relative to ground. The above voltages shall
he construed as applying to direct current (de), alternating current (at), and dc plus
ac voltages.

5.3.2 Marking and color coding

5.3.2.1 Marking of test points. All test points shall be permanently labeled to pro-
vide the clearest designation possible, both in terms of identification and legibility.
Particular attention shall he given to the environmental conditions under which the
test point must he identified in the equipment installation. were space permits, a
complete word description of the test point shall be provided. Otherwise, caq,efully
chosen abbreviations or reference characters may be used. If possible, the within-
tolerance range to be measured at the test point shall be included in the label. Water-
proof ink shall not be considered as a permanent marking unless suitably protected
against all environments to which it will be exposed.

7
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5.3.2.1.1 Multiple test points. When sequential testing is required, test points shall
k grouped in a line or matrix reflecting the sequence of tests to be made. An outlined
matrix array of test points shall also be used when multiple test points are associated
with a single system. Each test point shall be aseigned an alphanumeric designation
and appropriately referenced in the applicable maintenance instructions.

5.3.2.2 Marking of meters. Meters shall be so marked that they may be read with
ease, accuracy, and speed; and when a volts.ge or current is to be held within limits
corresponding to a given sector of the meter scale, that s e c t o “r shall be clearly
marked for ease of observation. Meters used in conjunction with selector switch
mechanisms shall be similarly labeled according to space limitations on the meter
face. Otherwise, the subsystem or circuit designation and within-tolerance range
shall be specified at each switch position.

5.3.2.3 Color coding of teet points

5.3.2,3.1 All external test points shall be color coded to provide an indication of the
type of signal to be obtained at that point. The following shall be the minimum color
coding required:

a.

b.

c.

d.

e.

f.

Less than 120 volts ac :White

120 volts ac and above :Wlite encircled with red

Lees than 28 volts dc :Red

28 volts dc and above :Red encircled with red

Chassis ground :Black

Reference ground other than :Gray.

●

chassis ground

NOTE: Encirclement denotes danger.

5.3.2.3.2 Additional color coding of test points shall be as delineated in the appli-
cable specification.

6. NOTES

6.1 Intended use. This document ie intended for use by the project engineer and
the procuring activity to establish test provision requirements for the end item.

6.2 Ordering data. To implement the requirements of this standard contractual
documents should include the following:

a. Test provision data requirements. The requirements for submission of test
provision data.

8
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b. Guidance meeting. A meeting between the contractor and the procuring activity
to provide the contractor with system or equipment and AGE guidance relative to the
end item maintenance philosophy and required test provisions.

c. Identification of the specific test capability and class of test provisions required.

Custodiam
Air Force -11

Reviewers
Air Force - 13, 17, 19, 82, 22

Preparing activity
Air Force - 11
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