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. Foreword

This document is the Final Technical Report for the

Solid State Power Controller Fuse Development Program.

The work was performed by Bussmann Division, McGraw-Edison
Corporation, St. Louis. Missouri, under Air Force

Contract Number F33615-81-C-2052. Project, Task and Work
Unit numbers are 3145, 314529 and 31452964.
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i The work was administered under the direction of the
Power Systems Branch, Aerospace Power Division, Aero
Propulsion Laboratory, Air Force Wright Aeronautical

j Laboratories. Wrignt-Patterson Air Force Base, Ohio,
by Mr. Duane Fox, Project Engineer and Mr. Joe Weimer,
Electrical Engineer.

Martin R. Smith of the Bussmann Division was technically
responsible. The report was prepared by Vernon R. Spaunhorst, !
with significant contributions by Walter H. Curtis and
Varinder Kalra. i
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Summary

This report documents the fuse development program for
aircraft electrical systems utilizing Solid State Power
Controllers (SSPC), performed by Bussmann Division,
McGraw-Edison. Asvects of the development covered by
this report are theoretical analysis, prototype and
final fuse design, and fabrication and testing of fuses.

The development program consisted of four phases, which
were: Phase I, the theoretical analysis and preliminary
design of fuses; Phase II, the devel! »ment of prototype
fuse hardware; Phase I1I, the devel] waent of final design
specifications plus fuse fabricatic and Phase 1V,
qualification testing and analysis

Phase T activities included numero -udies to verif:

and to determine the effects of the .rious contract
requirements. Also included in Phase I was the preliwninary
design of the fuses which included the study of preseat
desiens.

Phase 11 consisted of refining the most promising designs
oi Phase I and to fabricate and test prototype fuses with
ratings from 2 to 30 amperes. Also included was the
development of a Fuse Design Specification.

Phase IIT objectives were to incorporate any changes in
the Design Specification and to fabricate fuses in all

ampere ratines (2, 5, 7.5, 10, 15, 20 and 30A) for the

qualification testing of Phase TV,

Phase 1V activities included the qualification testing and
evaluation of Phase II1 fuses, the fabrication of contract

fuses (220 of each ampere rating) and finallv the preparation

of this repnort.
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1.

2

1.0 Introduction

Background

Past efforts by the Air Force have developed

Solid State Power Controllers (SSPCs) for

aircraft electrical power loads. These controllers
have been develoved for operation at 28 volt D.C.,
115 volt 400 Hz, and 230 volt 400 Hz with current
ratings varying from 1.5 ampere to 400 amperes.

The power controller functions as a circuit breaker
and as a load controller and is usually used in
conjunction with a computerized load management
system. This total system can provide automatic
load management and control with minimum crew
action.

The SSPC,when functioning properly, will protect
the aircraft wire between the power controller

and the load. The SSPC will ngrmally trip when
the load circuit is either overloaded or shorted.
However, if the power controller fails to trip,
excessive current can flow in the load wiring due to
the short or overload condition. This possibility
of failure has dictated that a fuse be used in
conjunction with the SSPC to prevent serious
damage to the aircraft wiring in the double fault
conditiorn.

Objective

The objective of this program was to develop a
family of fail-safe fuses for application in
aircraft electrical system SSPCs. The fuses were
designed for use at 28 volt D.C., 115 volt

400 Hz and 230 volt 400 Hz controllers with
nominal operating currents from 2 to 30 amperes.
The program concentrated on developing the
detailed performance and design specifications
for the fuses and on demonstrating acceptable
fuse performance through extensive testing.



1.3 Approach

This program which covered all aspects of the

development of SSPC fuses varying from theoretical

analysis and design through extensive test

validation, was conducted in four primary phases: '

Phase 1 - Theoretical analysis and opreliminarv
design of fuses.

Phase II - Prototype fuse hardware development
and testing.

Phase IIT - Final design specification and fuse
fabrication.

Phase IV - Evaluation testing and analysis.




2.0 Phase I - Theoretical

Analysis and Preliminary

Phase I - Objectives

The primary objectives of Phase I were to conduct
a theoretical analysis and develop a preliminary
design of the fuse element and housing. The

fuse performance was the most critical factor;
however, the factors affecting fuse performance
were traded off with respect to cost, reliability
and simpnlicity of design.

Phase I - Theoretical Analysis

In addition to a paper search to verify the
requirements of the contract, the theoretical
analysis included several studies to determine
the factors affecting the performance of the
SSPC fuse and the factors affecting the number
of required fuse designs.

Factors Affecting the SSPC Fuse Performance

The following contract requirements had a significant
effect on the size, construction and performance

The SSPC Envelope Curve

The time current characteristic of the SSPC family
of fuses were required to fit within the SSPC
envelope curve shown in Figure 1.

The Fuse Mounting Characteristics

The fuse mounting characteristics were discussed
with Mr. Duane Fox at a preliminary project

review meeting held at Wright Patterson Air Force
Base on September 3, 1981. At the meeting it was
agreed the fuseclip and panel mounted methods of
mounting were not practical. A lead-in (radial lead)
mounting would be the preferred type.

h o P
1
L]
2.1
2.2
- 2.2.1
of the SSPC fuse.

2.2.1.1
2.2.1.2
e,
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2.2.1.3 Conformance To Applicable Military Requirements

The apnlicable requirements of MIL-F-5372,
MIL-F-15160 and MIL-F-23419 arc as follows:

[ a) Moisture Resistance: MIL-STD-202, Method 106

b) Random Drop: MIL-STD-202, Method 203

c) Salt Spray: MIL-STD-202, Method 101-Condition B

d) Shock (Mechanical): MIL-STD-202, Method 213~
Condition I or MIL-F-5372, Paragraph 4.6.19

e) Shock (Thermal): MIL-STD-202, Method 107-
Condition A or B

f) Terminal Strength: MIL-STD-202, Method 211-
Condition A or E or MIL-F-5372, Paragraph 4.6.9

) Vibration: MIL-STD-202, Method 204-
Condition C or MIL-F-5372, Paragraph 4.6.12

2.2.2 The Factors Affecting The Number Of Fuse Designs

The following factors had a significant effect on
the necessary number of fuse designs:

a) Voltage/Current Rating: 28V D.C., 115-230V,
400 Hertz/ 2-30A

b) Usage (Electrical Ratings Vs Fuses Used)

¢) Maximum Fault Current: 8,000A, 400 Hertz

— at rated voltage
d) 400 Hertz Frequency and D.C.
e) Operating Temperature: -350C to +850C
f) Storage Temperature: -65"C to +150°C

g) Altitude Range: 0 - 80,000 ft.
h) Reliability
2.2.3 Paper Search

An SSPC Fuse Paper Search was conducted and a final
report issued on February 28, 1982. A copy of this
report is included as Appendix A. This report set
out to verify the SSPC envelope curve, search the
SSPC designs, determine the usage for SSPC fuses
and verify other contract requirements.

No data was found which disputed the upper (wire damage)
curve. However, it was assumed no tests were proposed
above 20,0007 of rating and hence the curve is
horizontal. If tests were made above 20,0007 of

rating, the curve would continue upward at a slope
similar to that shown for values below 20,000%.

- - —
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2.

2.

3

3.

1

Available printed data on the lower limit curve
(SSPC trip characteristic), did not agree

entirely with the contract requirements. This
data, plus actual tests on a SSPC unit, indicate
a lower "current limiting point' of 1,500% or

less. Data on SSPC testing is shown in Figurce 2.

Research of the SSPC designs, gave a bhetter
understanding of the SSPC operation. In addition,
tests on an SSPC showed the decvice to have a

trip characteristic very similar to the contract
requirements in the range up to 1,000% of rating
and these trip characteristics were repeatable.

Research on the usage of the SSPC fuses has shown
that approximately 350 - 400 SSPCs could be applied
on single engine aircraft and aporoximately 1,000
could be applied on multi-engine aircraft. The major
voltages are 28V D.C., 115V A.C. and 230V A.C.

The majority of current ratings are 5 amperes and
less, with the 2 ampere rating representing
approximately 68.57% of the total volume.

The operating temperature 6-550C to +850C), storage
temperature (-65C to +150°C) and altitude range

(0 - 80,000 feet) requirements were all verified by
the Paper Search.

Phase I - Preliminary Design Of The Fuses

The second portion of Phase I which was the develop-
ment of preliminary designs, involved a variety of
projects. These included a) a comparison of existing
fuse time current characteristics against the contract
envelope curve, b) a major eftort to locate a 400 Hz
high current testing source, c¢c) a comparison test

of both 60 Hz vs 400 Hz and sea level vs 80,000 feet
and finally d) the development of various preliminary
designs.

Comparison Of Existing Fuse Characteristics

Initial work on the SSPC contract began with a
comparison of existing fuse time current characteristics
against the SSPC envelope curve. Attached as Abpendix
B, are fuse characteristic curves plotted on the

SSPC envelope curve. Fuses selected were those
considered the best candidates for fitting within

the SSPC envelope and those exhibiting basic fuse
characteristics. This comparison revealed several
fuse designs which approached the SSPC envelope curve,
however, later testing eliminated all present product
designs.
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b 2.3.2 400 Hertz Search f
Since the SSPC fuse was to be desieoned for aircrafrc, f
a major effort was made to locate a4 400 Hertz ﬁf
testing source. Contacts were made with the

following companies:

Guardian Electric, Chicapo, Tllinois
Eaton Corporation, Milwaukee, Wisconsin
McDonnell Douglas Cormoration, St. Louis, Missouri
Autonetics Division, Anaheim, California
Boeing Corporation, Wichita, Kansas
Detailed discussions with Guardian Electric
lead to the conclusion that they are unable to

provide the circuit cilibration and documentation
required for our test program.

Eaton Corp. was found to have a suitable 400 Hz
facility and 400 Hz tests were performed in
January 1982, 1In addition, a second series of »
tests were completed in April. The only drawbacks
with the Eaton facility were a 3,000 ampere
maximum short circuit capacitv and a problem in f
sustaining the voltage during the short circuit
test. «

McDonnell Douglas Corp. was found to have a 400 Hz,
115 volt, low ampere source. This equipment was
used in Februarv 1982, to examine the performance
of an SSPC device.

It is our understanding that Autonetics Div.,
Rockwell International Corp., has a suitable
testing source, but due to stringent scheduling
requirements for the B-1 bomber program, this
facility was not available for other tests.

The Boeing Company had also been contacted and

they have a 400 Hz capability un to 6,000 ampneres. .
However, they also have a problem in sustaining ‘
the voltage during the short circuit test.

The search for a 400 Hz testing source also
included an effort to purchase a large motor
generator set or solid state frequency converter.
The search was discontinued due to availability,
cost and excessive size. ‘

A small 400 Hz, low voltapge current supplv was i
leased for current carry tests. "

(o]
R S




2.3.4

2.3.4.1

60 Hertz Vs 400 Hertz and Sca Level Vs 80,000 Feet

A number of tests were made to compare both

60 Hz vs 400 Hz and sea level vs 80,000 ft.
Tests were performed at both Bussmann and the
Eaton Corp. in Milwaukee, Wisconsin. The

final results showed little difference in both
tests (see Appendix C). Based on these results,
all future tests were performed on €0 Hz at
normal atmospheric pressure.

Development of Preliminary Design

A large number of preliminary design concepts
were investigated with regard to the required
contract envelope and short circuit capabilities.
These designs were segregated into the following
seven categories. Outline drawings and time
current characteristic curves for these designs
are included in Appendix D.

The Pleated Link Design _ (Buss GDR 3)

This design is described in technical report
"Solid State Power Controller Verification Studies
Final Technical Report'. (Report Number AFAPL-TR-
79-2029 January 1979, Reference Data Item 3.)

This design met the contract time current requirements,
but was only tested on short circuit up to 1,000 amps.
Improvement would be required to meet the 8,000 amp.
requirements of the contract. In addition, the original
design had a complicated construction using a second
tube inside the outer steatite tube. This inner tube,
which contained filler, was sealed on one end with

a washer. 1f, due to shock and vibration of the
airplane, the joint between the glass tube and washer
opens, releasing filler, the fuse will lose its short
circuit capability. Also, the filler wil. get into
the pleated section, which will make the fuse slower
at low overloads, thus reducing the protection in
that area.




2.3.4.2

2.3.4.3

Another area of concern was the small gap between
the pleats in an assembled fuse When the fuse
opens to interrupt a fault condition, the opened
sepgment of the strip is likely to close on itself
under the effect of gravity denending upon the
position of the airplanec.

At this point in the contract, the plan was to
modify the design to interrupt the higher fault
current of 8,000 amps., by adding more weak spots.
Also, the pleated legs would be separated and the
inside glass tube and washer would not be used,
which would make the construction simnler and
less expensive. Initial tests on the samples
using a filler on the short circuit section of
the strin and keeping the pleated section in air,
looked encouraging.

The Dual Element (MDL Modified) Design

This construction was considered because its
original performance curve came close to the

SSPC envelope. However, the latest modification
which came very close to the envelope might be
limited to 2 amn. only. Bevond that size, a filler
appeared to be necessary to mect the short circuit
requirements. It was feared that under some
conditions this filler might leak into the heater
section altering its performance. Up to 2 amp.,

a sleeving on the short circuit strip, a pyrex
tube instead of regular glass, and even a heat
shrink sleeve on the entire length of the tube,
was tested to achieve the desired short circuit
performance.

Bi-Metal Element Design

a) This construction used a combination of zinc
and silver/copper links. The center section
of this bi-metal strip was zinc, which
was riveted and soldered at each end with
one short silver/copper link having a weak
spot. The theory was that at low values of
current, zinc would melt open and at higher
currents, silver/copper links would open in
their weak spots. Both zinc and silver/copper
varied in thickness.

10




2.3.4.4

2.3.4.5

b) Another attempt at a bi-metal element design
incorporated a2 modified version of an FNQ 25
fuse. This design retained the original
shape of the FN7 25 strip, however, the strip
was made of two different metals. The first
half was blanked from the original copper,
while the second half was blanked from a high
resistance material. The pieces were connected
in series at the center by a rivet and the
normal amount of fusing alloy. The purpose
was to generate extra heat in the high resistance
half, which would transfer to the copver strip,
causing it to open quicker at low currents.

The end result was a 12A fuse. The experiment
failed because the high resistance end would open
before the copper. At this point of the contract,
more testing was planned using much thinner

metal in the copper section of the element.

Folded Element Design

This element was made with the idea of getting a
longer length without pleating. The element
looked similar to the letter N with the legs
stretched out for soldering to the end caps.

The problem encountered was that the legs had to
be separated by a sleeve which restricted the
snace available for filling the fuse. The
performance was unsatisfactory since the sleeves
would retain heat. This restricted dissipation
of heat and made the device operate out of the time
current envelope.

Loaded Link (FNQ Modified) Design

Because the performance of the FNQ 30 fuse appeared
close to the requirements of the contract, a

number of attempts were made to modify the FNO
enabling it to fit within the required envelope.

a) The first attempt was to change the filler
in a standard FNQ 30 from sand to powder.
Since powder does not conduct heat as readily
as sand, we had hoped the fuse would open
faster at low currents. Because the fuse
must carry continuously at 125%, the 30A fuse
was derated to 24A. The FNQ 24A fit within
the required envelope, however, more time
delay was required in the range of 2 000 -
3.000% of rated current.

11




2.3.4.6

2.3.4.7

b) As mentioned in Section 2.3.4.3, an attempt
was made to use a bi-metal strip in the
FNQ design. Even though the initial tests
failed, the Phase I plan was to try to
improve this design.

During the testing of this fuse, we also
tested a standard FNQ 25. The FNO 25 which
was derated to an FNOQ 20, performed fairly
well, however, it did fall from the envelope
in the 1,000 to 3,000% rangec.

¢) Another modification of the FNO, was the
narrowing of the wide sections of the strip.
The purnose of narrowing the wide sections,
was to eliminate some of the heat sink,
thereby decreasing the opening time at low
currents. This design appeared to fit in
the envelope, however, it also required
additional time delay in the upper range.

Coil Wire Design

At this point in the contract, the coil wire design
was in its initial stages and little was known
about the construction. We felt the construction
would have a center core of suitable insulating
material and a suitable size of wire, as determined
by the amp rating of the fuse, wound around the
core. Initial tests on a 2 amp fuse showed a lot
of promise. At this point. no short circuit tests
had been performed.

Saw Tooth

Due to the compnlexity of the pleated strip design
plus the possibility of restriking due to the
springing action of the pleats, another attempt
was made to increase the length of the strip
without pleating. This increase in length was
accomplished by blanking the strip in a ''saw tooth"
configuration. This '"'saw tooth" configuration
provides a more rigid strip, which is easier to
manufacture and reduces the possibility of
recontacting after the fuse has ovened. The
disadvantage is that even though the length of
the strip can be increased by anproximately 100%,
it is not possible to achieve the length obtained
bv pleating. At this point, tests were required
to determine the amount of additional length
needed to achieve the requirements of the curve.

12




2.4 Preliminary Reliability and Maintenance Analysis

As required by the contract, an SSPC Fuse Reliability
Program report was issued by .R.C., Inc., on
November 18, 1981.




3.2.1.2

3.0 Phase II - Prototype luse

Hardware Development and Testing

Phase II - Objectives

The orimary objectives of Phase Il were to first,
further develop the most nromising preliminarv
designs and second, to fabricate and test prototyne
fuses.

Phase I1 - Preliminary Desipgn Concepts
Preliminarv Desion Review Meeting (Phase 1 Agreements)

At the conclusion of Phase I, a Preliminary Design
Review Meeting was held at Bussmann Manufacturing
on April 14, 1982, at which time the following
items were discussed.

The Contract Fnvelope Curve

At the Preliminary Design Review Meeting, discussions
concerning the shape of the SSPC envelope curve
resulted in two agreements.

The first concerned the upper limit or wire damage
curve. This agreement assumed no tests are proposed
above 20,000% of rating and hence the curve is
horizontal. 1If tests were made above 20,000% of
rating, the curve would continue upward at a slope
similar to that chown for values below 20,000%.

The second concerned the lower limit or SSPC trip
curve. This agreement pointed out that the trip
point at 3,000% of rating could be an extremely
difficult design point for the fuse to meet.
Relaxation of this requirement might be necessary

in order to achieve the other contract considerations
for cost, reliability and simnlicity of design.

The Contract Short Circuit Requirements
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3.2.1.3

3.2.2

Environmental Test Requirements

A review of the environmental tests specified in
the military standards referenced by the contract,
resulted in the following agreements.

The random drop t=st (MIL-STD-202, Method 106) was
removed. This test, which evaluates the effect of
component parts due to handling and shipning, is

- only referenced in the older standard MIL-F-5372

(April 1965). The newer standard MIL-F-23419
(August 1977) which contains fuses more closely
associated with the SSPC fuse designs, does not
include a random drop test.

The mechanical shock test (MIL-F-5372, Paragranh
4.6.19) was dropped in favor of the MIL-F-23419
test (MIL-STD-202, Method 213, Condition 1).

The MIL-STD-202 test is more common. It 1is
referenced in a standard test specification as
opposed to a unique fuse specification and it

is a more severe test.

The terminal strength test (MIL-F-5372, Parapraph
4.6.9) was dropped in favor of the MIL-F-23419
test (MIL-STD-202, Method 211, Ccndition A).

The test called for in MIL-F-5372 is for fuses
with knife blade terminals. Test Condition A

of Method 211, MIL-STD-202 applies directly to
radial lead-ins.

The vibration test (MIL-F-5372, Paragraph 4£.6.12)
was dropped in favor of the MIL-F-23419 test
(MIL-STD-202, Method 204, Test Condition C). The
MIL-STD-202 test is more common. It is referenced
in a standard test specification as ovposed tc

a unique fuse specification and it is a more
severe test.

Preliminary Design Concepts Eliminated
Additional evaluation of the seven preliminary

design concepts lead to the elimination of four
concepts.



3.2.2.2

3.2.2.3

Dual Flement (MDL Modified) Desiygn

This design, which is similar to the standard
MDI, construction, was intended for the lower
ampere (2A and 5A) contract sizes. However,

in order to meet the stringent contract short
circuit requirements, an arc quenching filler
material needed to be added. Although adding

a filler material was possible, we felt the
result would be a design with higher construction
costs than other alternatives. Therefore, no
additional efforts were expended.

Bi-Metal Element Design

Two versions of the bi-metal element were
investigated.

a) The first design incorporated a zinc center
clement riveted and soldered on each end to
silver elements. Although a number of
versions were examined, the design did not
fit the lower time current requirements of
the SSPC enveloobe curve.

b) The second version contained one high
resistance copper alloy element riveted and
soldered in series with a copper element.

The intent was to generate extra heat in

the high resistance material, which would

be transferred to the copper element, causing
it to open faster on low currents. Again,

a number of versions were tried, but none

fit within the SSPC envelope curve in the

low time current region.

Both design concepts were eliminated due to the
poor time current characteristics.

Folded Element Design

This design used an insulating sleeve in order to
separate the folded portions of the fuse element.
The insulating sleeve restricted the space
available for filling the fuse with an arc
quenching filler and caused the fuse to retain
heat, making the device operate outside the SSPC
envelope curve. Due to unsatisfactory performance,
the folded element design was dropped.

16




3.2.2.4

3.3.1
3.3.1.1

3.3.1.2

o et

Loaded Link (FNO Modified) Design

Three desien concepts were pursued using the basic
FNQ loaded link desivn. Althouph initial tests
showed these designs were close to the contract
requirements, no completely acceptable results

were achieved and the desiegn concept was eliminated.

Phase TT (Prototvpe Fabrication and Testing)

Additional testing of the preliminary coil wire
and nleated link designs, led to the conclusion
that both designs, in an cxpanded form, would be
suitable. Also, the saw tooth design was still
being considered for the 20 and 30 ampere sizes.

Coiled Wire Design (Figures 3 & 4)
Design Concent and Range

This desien used as a fuse element, a fusible
wire (copper wire, tin plated) which was wound

on a soft ceramic core material. 1t was intended
for the smaller ampere (2A and 5A) high volume
fuses and would work in a standard 1/4 x 1-1/4
inch fuse packase.

Coiliny the wire on a core, allowed for a very
lonp, high resistance, large diameter wire to be
assembled into the fuse package. This combination
of resistance and thermal mass was necessarv to
meet the SSPC envelope curve requirements.

Fabrication Techniques

Fabrication of the fuse element was fast and
simple with the proper equipment. Coil winding
machinerv, such as the machine purchased from
the George Stevens Co., greatly increased our
ability to produce high qualitv fuse elements.
This machine could wind fuse elements for 1-1/4
inch lonp fuses, at a rate of 30 elements per
minute for the 2A fuse and 50 elements per minute
for the 5A fuse. Core material was purchased in
reels and coiled with fusible wire. These reels
could be used in conjunction with automated fuse
assembly equipment, which cut each fuse element
from the reel and placed it into a fuse package.

17
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At this point of Phase I1, the one restriction

of this construction was the necessity of adding

an arc quenching filler material. It was felt

this operation would probably be done separatelvy,
unless the fuse volumes justified more sophisticated
equipment.

Figure 4 was added because it was felt that the
2 amp design might pass short circuit without
filler. However, testing would be required.
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3.

3.
3.

3.3.1.3

to

™~

[

Testing and Fvaluation

Phase 11 testing of the coiled wire design
verified its ability to meet the SSPC envelope
curve in the 2 and 5 ampere sizes.  These

tests were performed at +259C with some
preliminary testing at -559C and +859C. Short
circuit tests at 250V, 10,000A, 60 Hz were

also acceptable when an arc quenching sand
filler material was used. The unfilled version
had nct been tested.

Pleated Link Design
Desien Concent and Range (Figure 5)

The Phase IT version of this desien used a
copper allov strip which was pleated to fit
into a shorter nackase. It was capable of
covering the entire 2 through 30 amnere range,
but due to consideration for cost, reliahility,
and simplicitv of design. it was planned for
the 7-1/2A through 30A ratines only. The
physical size recommended was the standard
13/32 x 1-1/2 inch fuse package, but additional
work was planned towards reducing this size for
the 7-1/2 and 10A ratings.

The strip material rather than a coiled wire, was
necessary for the higher ampere ratings. Pleating
the strip allowed for a very long, high resistance
material to be assembled into the fuse package.
This combination of resistance and thermal mass,
was necessarv to meet the SSPC envelope curve
requirements.

Fabrication Techniques

Strips were blanked out to length on a standard
type die. A narrow necked down section or weak
spot was also punched out for operation on short
circuits. The nleats were added in a senarate
forming die. This die had to be constructed

so that the strip material was not stretched
during the pleating operation. Stretching
would change the electrical and thermal
characteristics of the strip material.

Like the coiled wire design, this construction

had a section containing an arc quenching filler
material and another section in air.
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3.3.2.3 Testing Results

Test results on the 7-1/2 and 10 ampere pleated
link design verified these ratings met the SSPC
envelope curve at +250C. Additional tests on
these ampere ratings at -55°C and +85°C were
planned. Short circuit tests at 250V, 10,0004,
60 Hz had also been successfully completed.

3.3.3 Saw Tooth Link Design (Figure 6)

The saw tooth link gave the incrcased strin length
necessary for an SSPC fuse, but was not as complex
as the pleated link. 1t was intended only for the
larger 20 and 30 ampere rating and offered
advantages in cost, reliabilitv and simplicitv

of design.

<

Preliminary tests on a 20 ampere fuse had given
encouraging results, but additional testing was
required.

3.4 Preliminary SSPC Fuse Design Svecification

The visual and mechanical examination, cold resistance,
current carrying capacity, overload interrupt and

- .short circuit interrupt tests were performed in -
accordance with the Phase II test plan. This
plan is enclosed as Appendix F. Environmental tests
and fuse standard sheets have been added to the ]
Phase II test plan and this new document ''Proposed :
SSPC Fuse Design Specification' is enclosed as '
Appendix G.
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SSPC Fuse Materials and Equinment List

Phase II1 of the SSPC contract required the
following fuse material and equipment list.

Construction Materials

a) Tin nlated copner wire

Copper wire will be tin plated and coiled
onto core by Bussmann.

b) Pleated copper strip

Strip will be blanked, tinned and pleated
by Bussmann.

¢) Saw tooth copper strip

Strip will be blanked and tinned by

Nextel 312 plv-twisted yarn by 3M
Supplier - '"'Ceramic Fiber Products/3M"

Arc Quenching Filler

Supplier - Bussmann

a) #8999 melamine tube with modification
Supplier - Bussmann

b) #7540 melamine tube with modification
Supplier - Bussmann

a) #9318 albalov blated can
Supplier - Bussmann

b) #7552 albaloy vnlated cap
Supplier - Bussmann

25
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3.5
3.5.1
3.9.1.1 Fusible Element

Bussmann.
3.5.1.2 Core Material
3.5.1.3

#7112 sand

3.5.1.4 Tube
3.5.1.5 Ferrules
S dy,
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Lot

(3%

A

Solder ;

40 - 60 tin lead
Supplier - Bussmann

Fusing Allov
1007 tin

a) Tin slug at center of element
Supplier - Bussmann

Washers

a) Fiber washer separating filled end from
unfilled end.
Sunplier - Bussmann

b) Brass washer for end of fuse
Supplier - Bussmann

Leads

14-22 pauge tin plated coppner
Supplier - Bussmann

Construction Equipment

Coil winding machine - Model 409 Continuous
Resistance Winder

Machine Manufacturer - George Stevens Mfg. Co., Inc.
Coiling will be performed by Bussmann.

Plating facility for tin plating copper wire.
Includes equipment for measuring tin thickness.
Plating will be performed by Bussmann.

Blanking die for oleated link.
Supplier - Bussmann

Pleating die for pleated link.
Supplier - Bussmann

Rlanking die for saw tooth link.
Subplier - Bussmann

26




3.5.3.6

Stamping die for marking caps.
Supplier - Bussmann

Work Benches

Soldering irons and hot plates.

Test Equipment

400 Hertz,

Model 300 - 200 Invertron AC current source
Model 850T-1 SC variable frequency oscillator

Manufacturer - California Instruments

Cold Chamber

Resistance Meter

Model 4201 Digital Micro - ohmmeter
Manufacturer - Valhalla Scientific,

Visual and Mechanical Examination Equipment

a)

b)
c)

Terminal Strength

Chatillon gauge DPP-5, DPP-10, C6202

Visual Examination
Dimensional Inspection
1. Length

2. Diameter

3. Lead Length

Vernier Caliper - Helios 52-1019

Short Circuit Test Equipment

a)

b)

Bussmann
0-600V; 0-200,000A; 60 Hertz
Eaton Coro.

0-230V; 0-2,900A:; 400 Hertz

27
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3.5.3.7

3.6

Environmental Equipment
a) Moisture Resistance
b) Salt Sprav

¢) Shock (Mechanical)

Performed at Environ Laboratories, Inc.
Minneapolis, Minnesota

Critical Design Review Meeting

At the conclusion of Phase 1I, a Critical Design
Review Meeting was held at Bussmann Manufacturing
on September 9, 1982 to review all aspects of
Phase ITI. This included all materials, equiopment,
and component parts required in the manufacture
and testing of future fuses nlus a review of the
draft set of Design Specifications.
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4.1
4.2
4.3

4.0 Phase III - Final Design

Specification And Fuse

Fabrication

Phase III - Objectives

Phase III of the SSPC contract consisted of the
following primary objectives:

a) Final design hardware test plan

b) Final design concepts

c) Final design specification

d) Fuse fabrication, testing and evaluation

Final Design Hardware Test Plan

Phase III of the SSPC contract required the
preparation of a Final Design Hardware Test Plan.
The purpose of the plan was to verify the design,
construction and nerformance of SSPC fuses. In
addition, it was also intended to develop a basis
for production screening to assume a high level of
quality. This plan, which was completed and

submitted during Phase III1, is included in Appendix

H. It should be noted that a portion of the short
circuit requirements contained in this Final Plan
have been changed from 10,000A, 250V, to 7,5004A,
250V. This change applies to the 7.5 to 30A range
only. The 2 and 5 amp specification remains at
10,000A.

Final Design Concepts

The final 0 - 30A fuse packapge was eventually
reduced to two designs, the coiled wire design
for the 2 and 5A sizes and the pleated link
design for the 7-1/2, 10, 15, 20 and 30A sizes.

Both designs employ the same principal, increased
element length, to obtain the required time delay
characteristics. In the 2 and 5A package, the
increased length is obtained by winding the wire
onto a center core while in the 7-1/2 to 30A
package the element is folded (pleated) to the
required length. In both designs, the increased
element length requires an increase in element
thickness to carry the rated current. This

increased thickness or mass results in the required

time delay at the upper overload condition.
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4H.3.1

4.3.1.1

4.3.1.2

Coil Wire Design

As stated above, this design employs tin plated
copper wire coiled onto a flexible ceramic core
packaged in a 1/4 x 1-1/4 inch melamine tube.
See Figures 7 throush 10. Preliminary testing
of this design ruled out the use of a fiberglass
core which melted during low overloads, glass
tubes which ruptured during short circuit and
100% filler which resulted in arcing problems

on low overloads.

2A Coil Design

As can be seen in Figures 7, 9 and 10, the final
design of the 2A fuse employed the coil wire
element described in 4.3.1, packaged in a

1/4 x 1-1/4 inch melamine tube with standard
caps and no filler. .025 inch diameter lecads
were soldered to the capns. As can be seen in
the qualification test, this design required no
filler, notching or other modifications to pnass
short circuit requirements. The 2A design also
fit within the required overload envelope.

5A Coiled Design

As shown in Figures 8, 9 and 10, the final design
of the 5A fuse was very similar to the 2A design
in that it also used the coil wire design packaged
in a 1/4 x 1-1/4 inch melamine tube. The major
differences were the addition of longer notched
caps to help meet the short circuit requirements
and larger .050 inch diameter leads to bleed

away excess heat during current carry tests.

Initial samples employed various fillers in an
effort to meet the short circuit requirement.
However, the filler, which was tested in both
the entire tube and in different sections of the
tube, not only failed to satisfy short circuit
requirements, but also caused problems with the
fuse rating and restriking during low overload
tests. It was eventually determined that the
best short circuit results were obtained with
the longer, heavy walled, notched caps and no
filler.
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H.3.2
ho3.2.01
4.3.2.2

As can be seen in the Nualification Testing, the
overload performance of the final design is mar~inal
at 3,N00% of ratine. The ability of the 5A design
to better meet the contract envelope can be improved
bv using a loneer wire at more ''turns per inch'.
However, this improvement results in failure

to meet the 10,000A, 250V short circuit require-
ments .

Pleated Link Design

The nleated link desien, which is used on the

7-1/2 throush 30A sizes, contains a copner strio
nleated on the overload end to a snecific length.
(See Fioures 11 through 16.) The nleated overload
scction contains a tin slue and contains no fiiler.
The short circuit section is notched and is
surrounded bv sand to improve the short circuit
performance. The major differences in the 5 amnerc
sizes is the number and size of weak snots, the
thickness of the strip and the number of the

pleats. As the aupere ratings and therefore the
nleats decreased, all ratings, 7-1/2 amn and larger,
were encased in a 13/32 x 1-1/2 inch packape corsistiny
of a melamine tube and standard cavps.

7-1/2, 10 and 15 Amnere Pleated Desian

The 7-1/2, 10 and 15 amp fuses are itlentical i
construction excent for the thickness of the sorin
and the number of nleats. All three use a lead
diameter of .051 inch.

20 Amnere Pleated Design

In addition to a thicker strin, fewer pleats, and
notched canps, the 20 amp design contained narrower
weak sections and larger diameter leads (.064) than
the 7-1/2 - 15A ranrfe. The narrower weak sections and
notched cans were necessaryv to improve short circuit
nerformance and the larse diameter leads were required
to dissipate heat during current carry tests,

35




! 1 - _ f
. o) !
oL § | <
o |: N 2 ] S
O Q. | L
b — 12c | R
NERAR Mu | Ty
X CH tmt_ S
] u - I MCVI pv ~
z S o 2¢3 v
o« o Sol I b MM“~ ¥ 9
-] ® w ._w O <
' X | - mm Woq
e LTI Sle Q
N : |aga) Q
2N R el . S
T wdd N eE LA ERE]"]
"ILVvY QvIINVL
: (vor) y3d000 1, @
s s (vs$1- ¥¢) @31LVId AvIT-ViL
oL BRI N SAV3D
IS (AN3 HOVE 3NO)
e 217 MIHSYM- ——  \
,
: |
. 5 .
= 293

i

/£/59 % 0300S L

@ i

15759 230705 av?

®

2@SL 2T NVYXAS -

11 2ansij

VO¢ - ¢/1-L-0dS

R T |

o FIT OSO° X FQ/M QC/° HILON NOV7F
‘FIMNISNTS FO FOCF IWOYS O/ -SL/°

AIOWSS A?27EF 'S3o23w70 £ QINILON
IMNYTS HIVF A INOC dwY OpF YOS [ FLON

; @J

(M) orSt w38 -

OSISIINI , yFrSvm
@Qu&.& DINVEID

LEWPO dig

v w..n.n.

o, W . W

W O TIGTIr. )

GOV dX3 1 Z3INSVMA

@ (L 3Yrw) ¥ OS

e - PR

36

\ ISISo 8
@ ¥30105

@ /ISYTSIn
‘— Y3005 avD

T 289G L T RIN3S

L3N




22-82|

TCATED

EXP 64897 L io-

Twl

LINK

(RS

7-29-83 ExP ga®9”

ATE

, [u
s e

—d
~ANGE M

~T
!
T

I OF 2

Cm=
~

PAGE

>
Bussmann Manufacturing Division
McGraw-Edison Company
St. Louis. MO 63178
. C'STR BUY ON

G

J
mu

QV

SALES

Z g

USED IN FUSE EXP 64829

BRI EREITIEN

-~
PR <2

OvO07? Q0% >x '¥1J OZO

UIANS o S IONULe, Sk LTIW —
O, o

0L 8539dNOD — -

||L<,>>I>>>\ﬁ|l

b - - ——

A |

0

Mn_u '*Pm_u_lg\w SIHL hQST.oo.m.L

— v 2510V Y

|
|
|

w

N

SR

QQCoUNW e

\JaIS SIHL SOrf3Z
Y ¥ BOOT

LA -

A

Z1 @ans14

100'; 10O T b 43 S5O0 -£600| VYIdJOD oz
1003 690 Y Tt §900-9%900! ¥IJJOD s
100" 3 90" Y+ Yy b $$00°-Tp00] Y3 dd OO ol
100 3 b90° bl ¥+ |oco0-8700] YILOD 2L

WO HLam ] L0 ouo3s | v (¥oilDo3s ONILV

[od - — — r. ))—
4005 W¥Im Siv3ld dO YIDNNNY SSINADIML| i3 AWV

¥ HiONI

WANINIW

/=€ FIvoS

oZF  HVINONY

¥9/1% TYNOLLOVYS

) .S00°F  TYIWI03Q
39 01 S3ONVYI10L
0314103dS 3SIMYIHLO SSIINN

ot o

37




m

— -

&1

p———
A

T Ty UNCESY O tmE AW 3C SPEC ¢ €0 Tt [ e T
aNCEY 'O at : - - x
DEC-MAL * GOt ‘ 7 2'9 83 LExp :—’45%“3
G"’ 1“ FRACT ONAL * 1 64 T -
AnGuUL AR ' 20 w
1 © » WASHER
) § .8 D DA TECD
CHANGE DESCRIPTION DATE |[Ec) ™ | ExXP 64898 /10-22-82 |
£32-2 was 260 - 262 7-29-93 s = TRaANGE !
} 36 w3 | CEcca | 2o | A ‘
8 \ u(, ] |
g SaLEs 4
E Bussmann Manufacturing Division -
! McGraw-Edison Company !
St. Louis, MO 63178 .
I 5 5~a 8- o K
‘ {
' _
_SED IN FU3IE EXP 648°9°2
5148

Figure 13

38

B
rd—
B

&

AR R
i 3 N | | P
9 < ! ;
N J 1 ‘
{ T\ T) 4
' w !
"ﬂ' (et | (W] '
ol i oo
w I
ez ElEwe
wwn X 9Q=nn |
oV VU 3O ;
J A = (P !
— (A - | a
har-] <
w|F , oc
[ |
2| - O
22 | [ w




\

. N)
Ry a
N O./w. A .
) " |3 3 s
N I g R H 3
Y7 M'
<L SE I\ (g8 |
(a)) 6 x - cw ", ~
| Qf ¥ §33| | o
>~ w mnwm i
] GLH
m _L._ on. m 'mﬂm w
P Ix o S35 = v)
R N 3 |0
: CILYIS VI -
i 2 YTSIOI I SAVTT |
uumur
MWQ.MW_
Y220« anNz
5§35 3 E Yk A1 L
2E8%9
MMD?A
FE
A
1§159d¥F YIS Iv> —

ISSL

VOE-OdS 7 i

odIIT OSSO X I¢/M 20/ HILON HIVI ¥,
1 v CFNYNIS 4C i I
3003 wCaS OF/° SL/T IINSS ArmwndT
SHOVW € AINUCHY FINYYIAS ~IWVT | IFLON

589 -
35
! m
0951 .
obsSL  FOrL —- QTs! Qms.\
. o9¢ !
: |
/,_
/ bhISIINT o vl \
N | \
\ 30705 ! ° \ A
(2ol
/ rIL I _ N
NLL \ L A
S T 27272
™
RS L
T
N A 151594 X3 4#
i , N ¥
\\ L \\ 05159, ¥THSWA _ 39703
C YIS DNV T : 1S1S9dv7 4
y \ i - YITI0S SO
- Oct =

/

L TUYIS

“TSSL, I VN ANDS
L 8b68#%9 CEERELNZ
e SN YAV U




e

3003
oot

Ty«

Gl @2ans1,4

o~ )
) w |
W wff X,
\9 aM B H .
Qa W? nml <
S 0
| X §:3 | o
N“O
M (\ ° 03 R.
| 3t ¥ ls cw - A
® L o 22
1 5 nwm o)
o 9 294 { ©
-~ adal2
e s BRIl 203
Rl I AT LA g )3
m 3
- XY
mw;m._ ol
HEE |
24253 |
yao0&e ‘
ki _
i
I w !
P
1 ob/ .
F — wm.. s
3QIS SIHL
SANI MY v 80O —
|
-
w ’
[
]

ATdIOS 11O Lo
Y3 LYW
SIVINS
oy 3a1s SIHL SANIE
— = T ¥ S0
owob— | | \ |
iviy _
_o_._- .‘M ww“l | osi |
3 . ‘ \/ _ _ <
h _ R
A |
ONG7 Q09 > v | ”
020" ¥IAS *65 |
| 'L gse 1730 |
T LI T
3InNo |
oS B
obe'S _ ! H
_ ) |
500 S00; 300 ;
o STT mSLA SL9 - -
\ | )
. z :n.mo
183 P : ) w_%/_ ) *,Hm.Quo.\Q |
S -

40




SCALE

6X

KN
5 g
) 3 >
[ Wf i3
X / E3o
AR B P cwl
A i3
2|3 13l
;ﬂ w 2 w A nmuw
St mvmuw e
mumuJ
TEE
mmmmw
32939
M“DFA

65748

JSED 1M FUSE ExXP L4875

"AMCHS S¥ LIS .\

91

QALY T

W 33d S81}dVYOS

W 33d SO

___3ONVA3101 MDOLS

@1¥3dS2d

H1dIM

SSINNDIHL

13vd 40 ¥39WNN

SSTI AN CIAIHOOKST AYMMHSVS FYOHS 605 €

£90
199 *
- T ——T° 1
T
z9C
i o9
T 10

-

S DINOYLID 'WOd S OFISYHIN T
DIWYYIT I IWIATIYWN

41




Al

3

(W)l

)

3

30 Ampere Pleated Design

As with the 20 ampere design, the 30 amp fuse
required notched cans plus a still thicker strip
with even fewer pleats. In addition, the 30A size
required three weak sections to pass short circuit
requirements. The lead diameter was the same as
the 20 amp design, however, a high temperature
solder was required to prevent lead melt off during
low overloads. This solder is now used on the
entire 7-1/2 - 30 amp range.

Final Design Specifications

Phase T1I of the SSPC contract required the
preparation of a Final SSPC Fuse Design Speci-
fication.

The purpose of this document was to detail the
final fuse specifications, including materials
of construction and all necessary testing. This
specification, which was completed and submitted
during Phase 11T, is included in Appendix I.

Fuse Fabrication, Testing and Evaluation

The final requirement of Phase 111 was the assembly,
testing and evaluation of the qualification test
samples. It should be noted that the testing

and evaluation portion of Phase 111 was preliminary
only and the actual qualification testing took
place in Phase 1IV.

As shown in Paragraph 4.5.1 of the "Final SSPC
Fuse Design Specification" (Appendix I). the
number of samples required for qualification
was 44 each of the maximum and minimum current
rating of each size shown in the specification
sheet for which qualification is desired and 24
each of all other current ratings which fall
between the maximum and minimum current ratings.

Ampere  No. of Samples
2 44
5 4Lt
7% s
10 24
15 24
20 24
30 A
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_ The actual number of fuses f-br cated was !

- ' greater to allow for preliminarv, in-house
testing by Bussmann., This preliminary testing
bv Bussmann included all the required tests that
were to follow in the qualification testing of
Phase TV,
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5.0 Phase TV - Evaluation Testing

And Analysis

(Wl
—

Phase 1V - Objective

Phase IV of the SSPC contract consisted of the
following primarv objectives:

a) Qualification Testing and c¢valuation
b) Fabrication of contract fuses

1 ¢) Preparation of final technical report
d) Final design review meeting

.2 Qualification Testing

The first objective of Phase IV was the testine
and evaluation of the qualification samples
fabricated in Phase III. The fuses were tested
in accordance with the "Final SSPC Fuse Design
Specification" written during Phase III (see
Appendix I).

As shown in the fuse design specification, the
test program consisted of six phases or groups
of testing. The minimum and maximum current
rating of each fuse size (2, 5, 7-1/2 and 30A)
were exposed to all six groups of testing while
all other current ratings which fall between
the minimum and maximum current ratings (10, 15
and 20A) were exposed only to Group I and II
testine. The results of the qualification
testing is contained in Appendix J.

5.2.1 Grounp T - 2, 5, 7-1/2 and 30A - 44 Fuses
10, 15 and 20A - 24 Fuses

All fuses of every ampere rating were exposed to
Groun I testing which consisted of the following:

a) Burn-in

b) Voltage drop

c) Resistance

d) Visual and mechanical examination
e) Current carry canacity

44




5.2.1.

1

5. 2. 1.4

Burn-1In

All fuses were subjected to a 60 Hz, A.C. current
on low voltaee (10-20V) at 1007 of rated current

for I hour (minimum) at room ambient temperature.
(See naragraph 4.7.4 of the Fuse Design Specifi-
cition for additional mountinp and testing details.)
Vhe tests were performed by Bussmann. Any
susnicious fuses were discarded.

Soltave Drop

Dy the above burn-in, the voltage dron of the

"o war measured and recorded using a D.C.
lroweter having a minimum input imnedance

st 0 mecohms . (See paragranh 4.7.5 of the Fuse

“testen Smec. for additional details.)
Fuse Resistance Check

At the conclusion of the above burn-in (5.2.1.1),
the resistance of each fuse was measured with a

Wheatstone bridge or equivalent sensitive instrument.

(See paragraph 4.7,3 of the Fuse Design Spec. for
additional details.) Any suspicious fuses were
discarded.

Visual and Mechanical Examination

Following the above resistance check, each fuse
was examined to verify that the materials, design,
construction, physical dimensions, marking and
workmanship are in accordance with the apnlicable
requirements (see Paragraph 4.7.1 of Fuse Design
Spec )

Current Carry Capacity

At the conclusion of the above four tests, each
tuse was subjected to a current carry capacity
rest usine a 400 Hz, low voltage source at 125%

of rated current. The fuses were apportioned

and submitted to test temperatures of -559C,

+57C and +85°C. Of those fuse ratings containing
44 samples each, (2, 5, 7-1/2 and 30A) 14 fuses
were tested at -559C, 16 at +25°C and 14 at +850C.
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Of those fuse amperes containing 24 samples each,
(10, 15 and 20A) e¢irht fuses were tested at -55C,
cight at +259C and cight at +85°C. (Sce paragraph
4.7.6 of the Fuse Design Spec. for additional
details.) The current carry tests were performed
bv Bussmann.

Group 11 - (2, 5, 7-1/2, 10, 15, 20 and 30A - 24 Fuses)

At the conclusion of Group I testing, 24 fuses of
everv ampere rating were exposed to Group II testing
which consisted of the following:

a) Terminal strength
b) Overload interrupt
¢) Insulation resistance

At the conclusion of these tests, only the maximum
and minimum ampere ratings (2, 5. 7-1/2 and 30A)
had fuses remaining for Group IIT - VI testing.

Terminal Strength

Twenty-four fuses of each ampere rating were tested
for terminal strength bv applying a three pound
force to the lead assemblies, first, permendicular
to the terminal axis and second, along the terminal
axis. (See paragraoh 4.7.7 of the Fuse Design
Spec. for further details.)

Overload Interruont

Following the above Terminal Strength Test, the
24 fuses of each ampere rating were subjected to
an overload interrupt test using a 60 Hz, 250V
source. Of each eroup of 24 fuses, eight were
tested at -55°C, eight at +25°C and eight at +85°C.
The temperature at which each fuse was blown
corresponds to the temperature of its current
carry test. Each group of eight fuses was tested
at four different current levels including two
fuses at 200% of rating, two at 4007%, two at
1.000% and two at 3,000%. (See paragraph 4.7.8
of the Fuse Design Spec. for additional details.)
The overload interrupt tests were performed at
Bussmann's test facility in Sauget, Ill.

Time current curves comparing overload interrupt
data to the contract envelope are contained in
Figures 17 - 37.

[N

A i dre N S




:A_ .,.fa‘

SRS AVG R
[ooanur

N 1 .

(sanoO8e) amis

47

[ [ 1) [ 1)
Lgs o 3 v o ) | 2] X
: , i « ] - . 00
. " o . .
r Y . B 0 O L M
b 1104 . Tt : b8
. ; !
EAPS = ¢ % - . +
N
s
i
’
1]
| [ 4
~ [
- - [
»
n <
-
- o
-]
! [
-
. -
-
; =
| -
L)
!
000°es
vt

T

1

7
+

 eoe‘ees

- iedlin < debie



[ ] 13

i

Up propaaan

Q

| S G =

-

1
gy . 19

-

"0’y

A8

ANBUUAD ABLYY &

[ a1

200'00}

DR o0 S I N
¢1 0andiyg
(SanOo238) amIL
o0’
, , o_., ’ c
R M | . :
! . ! : ! :
L1 M e . 1
Ppe S04 " T T
— w. —4 - - ll.v.IJvl‘Ir
{
- H
i - L]
. e 1. T i ; M
s b s 14 S Lo
L ] o e e -
: i : B - 4
lvlrﬂi i S SUDDE SN = A5 . MJ.,. -43 ) M.
of - hds e
- A 4
TF ] =
. ‘ . f . 1 R ..
| , | | N IR
. . RS T . [ . AN : e P ] DI
w I ] “ i ! il ” ; T S
SR b TR T RO pf I N
: | SR A i ; L} R
J . i Am g . ﬁllwb -+ ,LT.IlT;- . B U TS S -4
. i - < . 44 44 4 H H H §
: IR N U 0 0 R [0 T Y R S IS SRS X
¥ A : b by e e
¢ . L4 4 i e | : 4§ - D - - et
b HTH 1D (N 15 U W Gy S . SRR
w . 1 ) i1+t My I S O e t T )
S 1 e B e s e S SO . e  ; s bnoua &
T €% (9 = P S 13 { ] [

i "#‘;'\ Y




At

A

SARAAD UL o pAang
I G DR & DR
(SANODES) BWIL
(1Y [ L0’
e 4y S !
. b e A

¢ ” : =
1.3 9 85a.., -
(4 ) e
* & =
[
* - — -
L3 g i T "
M M . .
b
' . .
. )
SRS SRR SEEEE TR ~
' v { )
! 4 >»
U 0 Tt SO Y SO SRR
f R - 3
= 2 |..4:,.. SE S IR o
R b
v
. E 3 E
; i r.» “, —
o Rrerigrt
; i N _
' |
SRR IR NS B HH

Liatie sk S

1= T

ANSUUAD GIAVY &

[ U

-

x\;LrTF 44
44 44 ; . 4
SRR S
N AP RV Sbvay
HEE T IR | 5 ’ 1 [4




-~

— -

D .GE+
Lnaiaaaur .W:.,c:?zm VG
0T 2and¥t4

(8GNOJDS) BMIL

000's

1
;
—_
+
+

ANBUUND QEAVY %

B 4
_ : — | . | - PTETTTITL gaetes
RN s 8 SRR
f M ! * : THET R : RN B A ST SRR
e B I w I
R _ 1 o

S

: . T4 Job




Tl A

PR

R
17 wwcﬁpo>m v
1¢ 2Iniy,

[ 1)

N 4

(S8GNODAS) aNIL

(X1

T f _. . [ N B X 1004
. ' . i . .
i ] L ! . . .
j R e " B O AR IO G el A TS OB
p2as aov ! A S i . " . .
: i ;
£ 1515 10 A I 41 B 13 = o N e ;
L 1.4
4 H -
¢ :
v T t - -
5 b ol N At
[ FY T bt B -t i
i - —
» - -
. - b . .
' - S .,
V | . - . .
| . . .
| . :
S e
. . i . [
3 _—
1 t ; [
: »
- NS S A 4 SN S JoY T . <
H
. ; - i «
10 7% (0 NN R IO N AN S OO SO IR = °
. bt - § -
, S S T B . 2
-t ¥ T -+ ] u
. 3 i I3
v e - M
. ++ &
k T . | 000'eL
[ . . .
_,_ P : . . -
SRR U G4
“ [ : .
JISSEE b : :
[IR A ' : :
Ly os W - 4 B | H -
Hit At Ny 4 .
ittt i mbr b ;
W+ 22 S + it - v
TR N T I NN R :
N i R s s o SR ~ - B s
W N . IR ST . 44 PU S— - 3
. B o o e el SR - B v
IR IR ? - ‘9 H 000'00}
N R

B, Sl




e - -

T
P

-

{(sauO0d38) amiL

. 000's

A

! : L S SURU o B!
A} [} Ll .
N ' . o
“ 121 1 2 ..
- ;_ i
. '
” e
i m : Y S
2 . - lu ”IH.HA . i il
Co N
Vo P h
: T | |
D SO S SR S S
i 2
444 ﬁ.l } v».L B 3
— —— i
A i o
4+ o S -
LT ' N |
TR P Sl : IR
R R e S T t1t 1) b 1
oo . . : ! . , J
AR RS SRIEE ss e i e e ” _
SESRI NS | 1R R W Pl A A “ ) « :
b4 - . e - <o TS S T 4 - 4 - = g B e T -3 4 + S 4
1 - : —3 g+ . t h + 1 4 N H 3 ks N H
L 0 N PO AT I 14 - Lll,. Lol H4-4 - B SR W S - 5 A I S S RO _ e
H . N . 1 . . . . . ' B H
i1t o : N ST + - - e 4 4 doeo- + Ao
’ i Sl e i o N N P i {4 a4 N 44 4 -1 4+ SRR
JOE SR SRR U S T + - [ I 1 L+ 4+ 4; -+ - - - - SR S
e o - - rYT1T -t -1 "1 - e T 3 3 T
I S O ¥ @ v OF N O & RN RO ¢ = I I B R & o e et 1= T i I g
[} g v £ ? P9 ’ M ! 4 v N « 9 A ] i

ANDUUAD GBAVY %

| 900’0y

00800,




pLtoildlour pRO.ON
¢ -

O

(SQNODas) amis

00t .

v [ I _ 5 . { 1 $ P,
L 7 ; [ : ; T . . : T
. . ; ! ' . ' ! !
" FEs Ao . N S 0 O
p, : ; ” ! i
¢ P4 } [4
'3 3 0420t 3 7 .~.
44 4 S o I SN SEDRE MRS .~ 5 155 N NP SEUE U U S SO : 4o
i - . - €
' =1 . [y SIS R
’
’ 1 T ™ :
B S S S ‘
; =T 1
4 . \ I .
A ] . R IIEEENAN RN )
: . N -] - ‘
! -—— . - = 4 EERT T 'Y
: : - EHLRL et ' Ao | 00e’s
o . . i :
] SN SR NS S I S R
7 ! . . . | . m [ ]
. : : R SNt S f e T
2 i TT s
- . R k JS O ‘
F T - e e - - - b o S b ! K .
i - -4 ’ ¢ ©
i 3 .
= - -$+-4 R e Tt R - } .. - - 4. = - - , “ _
. - : I S “ H I A “ ‘\1
_l e - - RS i TN - s -
AT i e : -
H P - . 3
H Tt - - -- v : \
..Tw o 1t iz .
ot 1 +---- {3 19838 I _ o
-4+ 4 R et - ; ; ' = ! ...l
, . : ! _ P , ! N
RS R S S P w tof SRS RS R R S
R +o SR RS R :
toe o« . .» v H i ! b : 1 * 1171 W N :
! ; i i
R O »rH A O TR B rL..(%.rLrL‘txf - i .
. t
P . Py I U N e
; » R ; Aﬁ H 4 R SN .- -+ 4 — - — - =4y
. . . i “ - ‘ - “ Pt + - . o i RS SHIN T T
bt : ‘ 111 i 1 S i i O NS O R U
; i R —t - - o =11
: L w T I m £ T : e s S TR R e B R 4 S B — eeetees
- N :




—

00}

-

SLlda U pt o

AN

Nt
o)A
Vi
v

¢ 2aN51

T
L
J
Y

(SaAnN0J38) Amia

e o o e - — -

L Vo 100

'

R [ °~v.. [ £ 168 ¢ € 3 [ P
M D N - - T T il T -t '

I f | ! SRR ] E 1 i RN RS

i _ ! N T N H . ] . &. . i X : i ' .

B R e

[

ul
: [ [
: q »
: H »
: i -
: : -
H o
- T el T e SR R = 39 o
+ : €
: ; ]
»
-
=
-t
- i - see'es
. . ' i . 1
. ! . | |
Pt Pt pio
P - S S o ¥
. P 1 " Cowbd by L
ﬁ . M % 1L m i Lo , B S i
S A U G £ A S RN
+ - « . S S i ~ . i M R
-4 { I 444 41— . 1 4 4 4
R B} b Wil . )
Lm#.%.‘nwu - B 2 MMM H (11 M




[ 1]3 10° 100"
§ 9 1 v !
1T T *1 908
' + . . 1
., . .
. ;
ol e
‘ ! : |
¢ R
€ e £ 1
L] A.-L-
\ A Y
! b ~19
¢ -4,
’ —ts
. ()
; i ' ? - | 900's
. ‘ .
NS o I Ll
: m .
2 : »
3 »
JE SR -
-
€ € L-J
9 <-5 N S e ]\Ml “
’ -~ i
; s .
‘ ) < a
’ ' + 3
¢ ]
' *
‘ .
1 - — 11 900‘0L
: . e
lJL w .
i
4 - IR D
1
- - €
4- :.A. N [ S - -4
. Y
r 1
T + s
- - H 9
R [
_. e
b HO
larar Te 0 [ a1}

JUnLo jug

YR

\

044

RENINY A N

<

auant T

-

(8QNMODas) My




(8ANODJas) amis

' ! : ; ~ .
' T o 1 A i . ; - !
» ol p . ' X , :
A A N - = . ) 14 o fodoiife
- 2 SRR - i . 1 |
. , : W : o s
it 4 . SRt I S 4. A
[ 4 T -1 . -1 Mk - -4
- 1t LN B S SO 0 A S 4 0% IR S
’ v 1t hishdns b-o- -ty
IR 1 O S S Ml LT - 8 S S ; L
M= 1 - - R ‘ot A - 1 - ilaiindie sl - .- e ]
¢ b i - " - +¥ ~p-— - RREe Stint Bl - - +.
. S 1 B - - E BN
! : : T ! ! . :
: . ; : .
. . ; .
S RN SRR i.f.l#
T 1 + o -
S : : 1
z - t
¢ F T €
» - II‘AQ
3 : i e O
3 B <
¢ [3
TR
: o - —
1 T = 1
oo . ' . + ] - . '
S v ; I : . ”
0 o SN Ji] ! B I I .
R ! e b : { Dl
' [ . : : : I H H .
«.vxhvw.k ¢ - * - - i hr‘.? ot - Do ke e mq ..r‘w * " oo + N
i s i ; : ! ! :
N : R Lot . E ; - S :
* . . % : 1444 4- RS SR S 4.4 ; e 4 4= % ]
} X . | H : : _ : 4 i + .
b ! ; i | : : '
[ SO 4_. . . 1 +4 44 4 - . 114 e e . * . M . i 4 _ i +
i ,A - * - h . [ES S B 3 “ 3 ' -4 -4 W USRI S T . ,u
ﬁ . M . ~ 4 . 1.4 44 . ,T._ 44 + - N N R
- + -+ . - 44 IM 4 4 - =1 -+ § S0 S REVR H‘@ 4o .
. + ooy . i 3 LL . i | I U SEp
* ot % ij T s S T S S S O i 0l O S
- ) 4 4 o - A

ANBUMNAD GBAVY %

6

. g

Ty




. JoSi+
ICNIIBIUL PEOTIAIAG V(T

L2 dan¥1y

(8QNO0O28) 2mi1L

1] + « 4
v ; a
i : :
) j
4
t g [ ‘ ;
| ] N .
Lr J:ﬂ - T
“ : S —1
¥ S IR IR 3 Jl[ ‘ h, 3 :
_ . HE SRR SeS e b TG ™ Lo N -4
t Ty R : | N
¢ H . :

vt v
LN g
i .
ot F
o ~ .
33 i =
€1 - Z : i
: : | 1
. . ! g4 .
. to . : . :
- N - DS S . : {1 - + S SN S
: _ ; : . . ‘ H
— e e b 4 I ORI G L :
- , ; _ ;
P i T
- d g — i e .
- H ~ H 4 - i 4
iadoa el Lo 414 B A ; N T i N
; t 4
Tt A. ~ J. e - * = \L‘] e e e S o T T
P +»4_,;l' [ SR S, 444 Lo : S
— I S SN SO S, - R I S B § : + J—
vM. Hi I e tals ks 1 + H. 4 [ S
i — J. - - o . i -
F1 1 1 N S A 3 17 HU

ANZUNAD ORNAVE %
57

000°00!

-




R
. SRS
NI IUT PROLAIAC V(T
W 0ANLTY

(8GN0O¥S8) 3mIL

SRS S S

- @ ~

N SR
.

u* - $- . + 4444 - w«@1
ARERER isi
_\ -~ R . 4] w
Thtet o
0 0 O DO -

100"
1004

000°s

[
»
»
-
-
-
[1]
[ 1
»
»
-
=z
-

[ & I}

58

Wt




- N S PR PN -

B+
DGLIYIZO LU LN VG
{

(8GNOD38) 3WIL

-~

RS , : .00
;
i
I T . X
et e 12444 v 4
b
A WU K IR 4 000’y
1T “ .- -
ryfy 15 i .A.
. I S -
- ; i 8 .
b g B ; i 4
3 : B T H
; N £ :
3 ] N E ES -
> - - °
. U S - o
3 g 5 e >
, o £ -
E »
‘ : »
= -
B -

ke

i

| “. R L
! ! m |
i :

_A. ]

PP D S S

-
-




Lhelag

oG er
Ul PrOLLIAnG vO
gf 2ansT

(ean0I36) anmis

Wi

i

.
4

B Y

-

L

-
-

4 ey

100
X 1}
14
t
r
H
9 RS
4 =
' |
be :
| 000's
-
- i
L4 a2 é
2
(3 o M
o
1] M f.‘
s B <
* 3
¢
v
&
1 900'9
[4




- v -~ - -
. 0 S0 T SN . - . o I

)
DN UL PRO] A
.rm L

(SAQNO238) amia

[ L 1] os 3 100°

] T -
N 2 o o -
. - - —+
i - N
an m i mals o + -
'
-4 ;
—rLrvL1.r.x. i -F. - .
; [ 2

P . R N A - R S T " (

[ R S

—_—— -
i

: . L
‘ 1B Tl .t "
u SRl A 7 T I -
: i n
£ o
- 4 - = - - H. . -
o
Dw T~ v - [ .
: “ .
5 -
4 = =
1 -
. 3
] T x
[ Jr
1 ' 000°01
I .

——
>
-
+—
—
—pme
——
|
t
+
———

P T A WS N N (D DU 44+ 4+ F o+ oo i

. 4. . )
[ T :
! ! :
- S T W B0 VS WU SN SR S S 0 Yx_wl.,v‘ |
1
ﬁ _. —4 R 4 -
L+ 4 4 ] P n - 44
1 S Y

[, 2 1}

B R L




AL R T

.,.”—-»h‘.wCH M,T;ﬁ'.._u.,,.r\, /CF.

(L oodanby

os

(8GNO0D38) ania

e

X » i
' T M T
. " .
' B
’ ; T T
“ .
Iﬁfwn‘v:.ﬁ .W .M e
t
383 ..
3
&4 1 —_— - pN S c -
1)
s
: 2 -
YALY!. .(91. - +|.)...
. MTLY )
—ar bbbty
.ri‘. 1

ANBEUND GBAVNE %




Dot
PR SO SRS BN PrOTIoOAD (ON

(¢ 2ANTTI
(san0239) amis

(1 1%
148 ¢ 2 ¢
1 ) T
T
1 bt 1
13
2 0 T S S &
€
bt
"
4
*
1 ]
L]
. )y '
, .
S )
¢ b ]
f >
L - - -
-
t o
fw.r, SR - o
’ . . v~
2
- L
N -
=
4 ] -
L]
4 i
' .

~

T T T I T

HA4 ++
1 H
t
. LLL 1 i
. 5 SN S S
! '
B
- +
L] N
® + d 5 '




. Jote-
FPRRALOUT PrOTAIAY V(¢
£ 0ANS T

(SENODRS) amis

L L 1) [ 13 3 [

-

\ AR ‘
v T t
[ IR J ) B . LN IR 00 oo
. 0 ! .
;r»,.m4 ».-. O .N i . :
1 SEE! . ] S
@ - + } + - : ,XT
H-+4 -1 4 - 4} S : R S
b i ;
: e B e NN E o
e - [ h PO
] - S _ s it Lu.v.L-
. T ffee e By, \PUSE SN S0 SR b B S
. I EE NN DS IR .. O 0 A . i -
l ﬁi —t 9
. . " o W . e L i .
] - J 1 - 7 M £
i . N et
4 . .
X .
I A ] A.‘
. *
2 TTH »
11NN : %
o - °
F1 e - o
[ 4
t J
E
]
-

[ 2]}

~

-

.
1
|

t

T

+

t

+

FE
f
P

¥

t

R et




. o xAM L - -

: Sober
, AT TU] pruladdn) VL
¢ orandtg

(0ON0OD28) B MIL

[S98Y

ANNUNEAD QBAVY B

ood'es

™ SR YN T T T ey

A Loy Rsiaighs

v e - e i
REPSCUN -l'L



e NI e i Jj

e A 14.!4/“4 T T W T T T oy e = T —

.* ~

. .,f,,m c+
DAL UL PLOTaoA) V0§
H¢ oanyr

(80M0228) amiy

[ £
, . r M 1004
‘ -} i i . .
+ 4 4 N H B .
X L ; ~ . i : ‘ s : ,
$ - - R S " - . S
‘1 - o ' R . v m N . B
- . : s ) , .
. - . w : T .
a . . ;
It S N I SO RO O iy - . b e i . | TS S

-~

i

— o -~ -

v

)
-
et

LRy

h6

ANBUEAD GBAVY %

O

[ a1}

o T R e SO

| 1 et

— SE—




~ . vnvmml
JCNAA0IUT PROLIOAG V(OE
L€ 2in8T(q

<

(8ANODBS) 3miA

Y o4 H

ANBUNND GBAVE &




B e e S

[Wal

PN

o

[§S]

3.

1

Insulation Resistance

Those fuses exposed to overload interrupt were
tested for insulation resistance per parasraph 4.7.9
of the Fuse Design Spec.

Group III

At the conclusion of Group II testing, only the
minimum and maximum ampere ratings of each fuse
size remained (2, 5, 7-1/2 and 30A - 20 fuses
each). Eight fuses of each ampere rating were
exposed to Group III testing which consisted of
the following:

a) Short circuit
b) Insulation resistance

Short Circuit

Following exposure to Group I testing, eight fuses
of each remaining ampere rating (2, S5, 7-1/2 and 30A)
were subjected to short circuir tests consisting

of 10,000 amps at 250V on the 2 and 5 ampere ratings,
and 7,500A at 250V on the 7.5 through 30 amp rating.
The tests were performed at a power factor of .85 - .95
with a random closing point. All short circuit

tests were performed at room ambient temperature.

Of the eight fuses of each ampere rating, two had
previously been exposed to a -55°C carry, four to a
+25°C carry and two to a +85°C carry. Oscillograms
and computer printouts were recorded on each fuse.
(Sce paragraph 4.7.10 of the Fuse Design Spec. for
additional details.) The short circuit tests were
performed at Bussmann's test facility in Sauget, Ill.

Additional fuses were also subjected to D.C. short
circuit tests consisting of 200A at 60V. These tests

were performed by Bussmann at room ambient temperature.

Insulation Resistance
Those fuses exposed to short circuit currents were

Tater tested for insulation resistance per paragraph
4.7.9 of the Fuse Design Spec.
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5.2.4

5.2.4.

5.2.4.

5.2.4.

5.2.4.

1

N

Group 1V

At the conclusion of Group 111 testing, 12

fuses ecach of the minimum and maximum ampere
ratings (2, 5, 7-1/2 and 30A) remained Of

these 12 fuses, four fuses of cach ampere

rating were exposed to Group IV testing. Croup IV

testing consisted of the following

a) Vibration
b) Continuity
¢) Shock

d) Continuity

Vibration

Four fuses of each remaining ampere rating

(2, 5, 7-1/2 and 39A) were exposed ta hioh
frequency vibration tests per paragraph 4.7 11
of the Final Fuse Design Spec.

Vibration tests were performed by Bussmann.
Continuity

Those fuses exposed to vibration testing were
later checked for continuitv using a low
voltage ohmmeter per paragraph 4.7.2 of the

Final Fuse Design Spec.
Shock

The same fuses exposed to vibration were later
exposed to shock tests per parasraph 4.7.12 of
the Final Fuse Design Spec. Shock tests were
performed at Environ Laboratories in Minneapolis,
MN.,

Continuity

Those fuses exposed to shock testing were later
checked for continuity using a low voltage
ohmmeter ner paragraph 4.7.2 of the Final Design
Spec.
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5.2.5.2

5.2.5.3

Group V

Following, Group IV testinyg, eight fuses each
of the minimum and maximum ampere ratings

(2, 5, 7-1/2 and 30A) remained. Of the eight
fuses, four fuses of each ampere rating were
exposed to Group V testing, consisting of the
following:

a) Salt spray
b) Overload interrupt
c¢) 1Insulation resistance

Salt Spray

Four fuses of each rcmaining ampere rating

(?. 5. 7-1/2 and 30A) were exposcd to salt spray
(corrosion) tests per paragraph 4.7.13 of the
Final Fuse Design Spec. The salt spray tests
were performed at Environ Laboratories in
Minneapolis, MN.

Overload Interrupt

Those fuses exposed to salt spray tests were
later exposed to overload interrupt tests at
room ambient temperature, 60 Hz, and 250 Volts.

Each group of four fuses was tested at four
different current levels including one fuse at
200% of rating, one at 400%, oneat 1,000% and
one at 3,000%. Depending on the length of the
blow, opening times were measurcd either with
a stop watch, cvcle counter or oscillogram.
(See paragraph 4.7.8 of the Final Fuse Design
Spec. for additional details). The overload
interrupt tests were performed at Bussmann's
test facility in Sauget, I11.

Insulation Resistance
Those fuses exposed to overload interrupt tests

were later tested for insulation resistance per
paragraph 4.7.9 of the Final Fuse Design Spec.
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5.2.6

5.2.6.1

5.2.6.2

5.2.6.3

Groun VI

Following Group V testing, four fuses each of

the minimum and maximum ampere ratings (2, 5,

7-1/2 and 30A) remained. The final four fuses
of each ampere rating were exposed to Group VI
testing which consisted of the following:

a) Moisture resistance

b) Thermal shock

c) Current carry capacity
d) Overload interrupt

e) Insulation resistance

Moisture Resistance

The four remaining fuses of each ampere rating
(2, 5, 7-1/2 and 30A) were exposed to a moisture
resistance test per paragraph 4.7.14 of the Final
Fuse Design Spec. The moisture resistance tests
were performed at Environ Laboratories.

Thermal Shock

The same fuses exposed to the moisture resistance
check were later exposed to thermal shock per
paragraph 4.7.15 of the Final Fuse Design Spec.

The thermal shock tests were performed by Bussmann.

Current Carry Capacity

The same fuses exposed to moisture and thermal shock
were later exposed to current carry tests using a
400 Hz, low voltage source at 125% of rated

current. The test was performed at room ambient
temperature. (See paragraph 4.7.6 of the Fuse
Design Spec. for additional details.) The current
carry tests were performed by Bussmann.
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- 5.2.6.4 Overload Interrupt

The same fuses exposed to moisture, thermal
shock and current carrv were later subjected
to overload interrupt tests at room ambient
temperature, 60 Hz and 250 volts.

Each group of four fuses was tested at four
different current levels including one fuse at
200% of rating, one at 4007, one at 1,000% and
one at 3.000%. Depending on the length of the
blow, onening times were measured either with a
stop watch, cvcle counter or oscillogram. (See
paragraph 4.7.8 of the Final Fuse Design Spec.
for additional details.) The overload interrupt
tests were performed at Bussmann's test facility
in Sauget, Ill.

5.2.6.5 1Insulation Resistance

Those fuses exposed to the above four tests
were later tested for insulation resistance
per paragraph 4.7.9 of the Final Fuse Design
Spec.

5.3 Qualification Test Results B

The results of the qualification testing program
are included as Appendix J. With the exception
of the following minor variations, all fuses of
each ampere rating satisfied the requircments

of the Final SSPC Fuse Design Specification
(Appendix I). '

5.3.1 Group I Testing - Visual and Mechanical Examination

Under Visual and Mechanical examination, two
variations were noted.

a) On the 7.5 - 30 amp range both caps were
stamped with ""Buss’ and the ampere rating.

The second cap should have been stamped
"250V",

b) On the 7.5 and 10 amp fuses, the lead length .
ran slightly less than the specified 1.50"
minimum. This is a minor variation since
leads are usually cut shorter during application.
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5.3.2 Group III Testing - Short Circuit Tests

Since DC short circuit tests were originally
overlooked, no fuses were saved for this purpose.
We therefore used the fuses that had been
previously exposed to shock and vibration.
Several fresh fuses were also tested in the

. 5A and 30 amp sizes. All fuses proved
acceptable.

5.4 Fabrication of Contract Fuses

Phase IV of the SSPC contract required the
fabrication of 220 fuses of each ampere rating
for Air Force evaluation. The fuses were
delivered to the Air Force with the original
draft of this report,

5.5 Final Technical Report

Phase IV of the SSPC contract required the preparation

of a final technical report covering all of the

technical development and testing conducted in .

this program. The draft version was submitted

to the Air Force for review in September of 1983.

This final version contains all of the appropriate J
-~ changes, additions and deletions suggested by )

the Air Force.

5.6 Final Design Review Meeting
The Final Design Review Design Meeting of Phase IV E

was eventually concelled by the Air Force, however,
all preparations by Bussmann had been completed. 4
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FOREWORD

This document is a final report for the SSPC Fuse Paper
Search. The work was performed by Bussmann Division,
McGraw-Edison Company, St.Louis, Missouri under Air
Force Contract No. F33615-81-C-2052.

Martin R. Smith of the Bussmann Division, was technically
responsible. The report was prepared by Vernon Spaunhorst,
also of Bussmann, with significant contribution by:

Mr. Robert Yount

Q.R.C., Inc.

8905 Fairview Road

Silver Spring, MD 20910

Mr. Varinder Kalra Bussmann

Mr. LEarle Long Bussmann

Mr. Walter Curtis Bussmann
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Appendix A

SECTION 1

INTRODUCTION AND SUMMARY

1.1 Introduction

The SSPC "Paper Search" was conducted in an effort to verify
a number of unique requirements associated with the SSPC

and the fuse devlopment contract. These requirements

include time-current characteristics, usage, (voltage/current
ratings vs. units used), maximum fault current, operating

and storage temperature and altitude range.

In addition, Bussmann felt the Paper Search was necessary
to provide the personnel involved in the fuse development
program with a better understanding of the SSPC and 1its
requirements.

The Scarch concentrated primarily on Air Force technical
reports plus documents provided by QRC Incorporated, who
obtained the material from a scarch of the Defense Technical
Information Center (DTIC). - It should be noted that most

of these reports are fairly old, dating back to the early
and mid 70's.




Appendix A

1.2 Summary

The SSPC Paper Search consisted of a review of the papers
listed below and interviews with representatives of the
aircraft industry, SSPC manufactures and Military specialists.

Bussmann Data Ascention

. Item No. Title

1 Development of Transistorized Solid State Power
Controllers for B-1 Flight Tests (Nov. 1977)

2 Advanced Solid State Power Controller Development
Phase I Study Report (Sept. 15, 1978)

3 Solid State Power Controller Verification Studies,
Final Technical Report (Jan. 1979)

4 Power System Control Study Phase I - Integrated
Control Techniques (Oct. 1979)

5 MIL-P-81653B Power Controller, General Specification
For (Feb. 1980)

6 Power System Control Study, Phase I - Integrated
Control Techniques, Phase II - System Modeling 1
(March 1981)

7 High Current Power Controller (April 1981)

8 Advanced Aircraft Electrical System Control [

Technology Demonstrator Phase I: Requirements
Analysis and Conceptual Design (July 1981)

20 AD-A003834 "Influences of Solid State Electrical
Distribution on Aircraft Power Generation Solid-
Power Controller Compatibility" i

21 AD-A008595 "Power Controller Breadboard and Develop- . i
ment Requirements"

22 AD~A014366 "Further Evaluation of the Solid State |
Simulator for the A-7B Aircraft Electrical System"

23 AD-A022616 "AC Power Controllers for B-1 Flight .
Tests. Part I: Final Technical Report Design, o
Development Fabrication and Testing of Hybrid f
Power Controllers" ,l




Item No.

24

25

26

27

28

29

30

31

32

33

37

38

39

40

Appendix

Title

AD-A056256 "Development of Transistorized Solid
State Power Controllers for B-1 Flight Tests"

AD-A063405 "Advanced Solid State Power Controller
Development. Phase I Study Report”

AD-A047859 "Advanced Aircraft Electrical Systems
(AAES). Definition and Prototype Design for
F-14 Aircraft. vVolume 1: Technical"

AD-A086994 "AC Controller Feasibility Study (RCA)

AD-A082759 "Power Controller 28V DC Load Switching
(N.O. SPST)

AD-A08166 "Feasibility Study B-1 Power Controller"

AD—B039643 "Study of Solid State Remote Control
Techniques as Applied to the Redesign of the
Electrical System in a Large Civil Aircraft"

WAED73.01E "Design Development, Fabrication and
Evaluation of a Three-Phase Ten Ampere Solid State
Power Controlled Breadboard

Bibliography of Wire Damage Data

MIL-W-5088H "Military Specification Wiring, Aero-
space Vehicle"

Final Report #058-AER.01 on Performance of a
52-79721-422 Circuit Breaker

U.S. Government Memorandum. Mechanical Fracture of
Filamentary Fuses

Failure Mechanisms Report #FMR 04-003. The
Mechanisms of Degradation and Failure in a
Filamentary Fuse Wire

Failure Mechanisms Report #FMR 04-002. Effect of
a Thermal-Vacuum Environment on the Electric
Characteristics of Buss GLX Fuses
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Appendix A
Item No. _ Title
41 Report of Fuse Performance and Its Relationship
to Initial Parameter Measurements
42 Report on the Use of Hot Wire Resistance Measure-

ments to Select Homogeneous Fuses

Of the 28 documents listed above, the 1979 report entitled
"Solid State Power Controller Verification Studies, Final
Technical Report" (Item #3), was by far, the most comprehensive
and informative source found. 1In addition, it appeared to
contain the most recent information on the development

of the SSPC.

The main objectives of the search, which were to verify
certain contract requirements plus develop a better under-
standing of the SSPC, have, for the most part, been
completed. As can be seen in the following sections,

most requirements of the contract have been verified.
There are, however, several specifications which remain
uncertain.

The first of these is the slope of the lower curve as
explained in Section 2.2. Another area of concern is the
SSPC usage. The search indicates 65% of the SSPCs to be
less than 2.0 amps while the contract calls for fuses of

2 to 30 amps. A third important specification is the
8,000n interrupting capacity. As of this date, no available
test facility, capable of providing 8,000A at 400 Hz, has
been located.
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Section II

Verification of the SSPC

Envelope Characteristic Curve

2.1 The Upper Limit (Wire Damage Characteristics)

Information on aircraft wiring and wire damage is not easily
obtainable and the information that is available is compli-
cated and difficult to apply.

Available information idicates that wire damage is influenced
by a number of conditions including ambient temperature,
altitude, wiring insulation and packaging (bundles o

free air).

Mr. Ron Solomon of the McDonnell Douglas Corporation 1
recommended obtaining MIL-W-5088H (Item #33) which covers ;
the selection and installation of wiring and wiring
devices used in aerospace vehicles. This document gives l'
a substantial amount of information including the effects 1
- of bundles, ambient temperature, altitude, etc. However,
there was no apparent method of applying this information
to Bussmann's "upper limit" curve.

Additional wire damage information was found in the following
documents:

1) Solid State Power Controller Certification Studies,
Final Technical Report (Item #3)

2) Power Controller Breadboard and Development
Requirements (Item #21)

3) Feasibility Study, B-1 Power Controller (Item #29)

The information contained in these reports does not pertain
specifically to wire damage, but is included as a part of
the requirements for SSPCs and related fuses. Figure 1
compares the information of these reports with the require-
ments contained in Bussmann's contract #F33615-81-C-2052.
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Apnendix

Items $3 and #29 compares time vs. load in amps for 2A
SSPCs only, while Item #21 compares time vs. percent of
rated load current. As can be seen in Figure 1, except

for the low end, these curves are almost identical. Even
mcre important is the fact that these curves are very similar
to the curve in Bussmann's contract.

Bussmann was hoping to receive additional documents on wire
damage from QRC, Incorporated. However, it now appears
that all available material has been received. Based

on present data, it appears the "upper limit" curves
specified in Bussmann's contract are valid.

2.2 The Lower Limit (SSPC Trip Characteristic)

Information on the "lower limit", was, for the most part,
obtained from the same documents used for the "upper limit"
verification. The data, which was available primarily

in curve form, was found in the following documents:

1) Solid State Power Controller Verification
Studies, Final Technical Report (Item #3)

2) Power Controller Breadboard and Development
Requirements (Item #21)

3) Feasibility Study, B-1 Power Controller (Item #29)

Figure 2 compares the information of these reports with the
requirements contained in Bussmann's contract.

Fven though some curves were given in time vs. load in amps
for 2A SSPCs while others were shown in time vs. percent of
rated lcad current, they appeared, for the most part, very
similar. As can be seen in Fig. 2, the curve in Bussmann's
contract could almost be interpreted as an average of the
other curves. However, one source of information, not
inciuded in Fig. 2, which does not coincide with these
curves is the data resulting from tests performed on a
sample SSPC by McDonnell Douglas for Bussmann. Results of
this testing is included in Section III. A lower curve
incorporating this data is significantly closer to the
performance curve of fuses.

Data from this test also supports some concern regarding
the current limiting portion of the curve. As shown in
Fig. 2, the current limiting point of the contract is 3000%
compared to the 1500% of Item 3, page 54. Actual test data
indicates a current limiting point of approximately 900%.
The difference in both the slope and the current limiting
point could significantly alter the fuse design.
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Appendix A

Section 111

] Research of the SSPC Design

Research of the SSPC design was included in the original
concept of this contract because Bussmann felt a better
understanding of the electrical operation of the SSPC would
be beneficial in the development of a related fuse. This
research was to include both an analysis of available
samples and electrical schematics plus actual testing of
sample SSPCs.

Contact was made with the technical services division of
Washington University, St. Louis, Missouri (WUTA, Washington
University Technology Association, Inc.) in regard to
analyzing the SSPC samples in our possession. A preliminary
review by WUTA of the samples and pertinent Paper Search
data confirmed our conclusions. That is, SSPCs contain
hybrid custom circuits between the main pass elements and
the control circuitry. Also, from the Paper Search data
available, it is apparent that later versions are micro-
processor controlled.

Based on this information, it is now apparent that the
planned analysis of the SSPC is beyond the scope of the
fuse development program.

On 2/24/82, actual testing of a sample SSPC was conducted

at the McDonnell-Douglas Corporation. As stated in Section
2.2, the data from this test (Appendix B) was significantly
different from the contract requirements. A comparison of
this data to the contract requirement is contained in Fig. 3.
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Appencix A

Section IV

SSPC Usage

Section IV on SSPC Usage is divided into three main areas
of interest:

1) Current ratings of SSPCs

| 2) Voltage rating of SSPCs

3) Volume of Units Required

Information on these subjects can be found in a number of
documents; however, the data collected fails to coincide
in some areas.

1} Current rating is one area of concern in which all
collected data appears fairly consistent. Most
documents indicate the majority of SSPCs will be
5 amps or below. Page 26 of Item #3 contains a pie
chart on the B-1 bomber usage, which gives a good
representation of the majority of data collected.
(Figure 4) This information, however, does not s
coincide with the contract. As can be seen in the

- pie chart, 65% of the required SSPCs are 1.6 amp or
less. Bussmann's contract covers fuses from 2-30 .
amps.

T e g s S

Information on current ratings can be found in the
following documents:

Item #3, page 26

Item #4, page 25

Item #6, page 101

Item #20, page 13

Item #24, page 1

Item #25, page 121

Item #26, pages 3-14, 3-17

2) Information on voltage ratings is not as clear cut as
that on current. It appears the voltage ratings are
divided into two main groups--115/200vV. AC and 230/400
V. AC. A third smaller group also included is 28V DC.

The 230V rating appears primarily in the B-1 bomber. Again,
the pie chart on page 26 of Item #3 is a good example,
‘showing 79% of the SSPCs with a 230V rating. Other
documents confirming this fact are:

Item #3, page 10
- Item #20, page 4
Item #24, page 1
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Non 230 V ac -
21%

0.3 to 1.6 A .
33%

Figure 4 Distribution of Power Controller Loads
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2) Continucd

The 115/200V ratings seem to appear in most aircraft
other than the B-1l. Documents including this infor-
mation are: :

Item #6, page 101
Itenm #25, page 139
Item #26, pages 3-1 and 3-17

Volumes of SSPCs appear to be divided into two groups;
1) single enginc aircraft and; 2) multi-engine
aircraft.

Item $#4, page 23 and Item #6, page 64 indicate a
usagce of approximately 350-400 SSPCs on a single
engine aircraft.

Itom #6, page 101 shows a usage of approximately
1000 SSPCs on multi-engine aircraft. This value
is confirmed by studies on the B-1 bomber included
in Item #3, page 10 and Item #20, page 4.
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Section Vv

Verification of Additional Contract Requirements

5.1 Maximum Fault Current

The maximum fauit current of 8,000 amps specified in
Bussmann's contract was cause for some concern, primarily
because of the rclatively few test facilities capahle of
providing 8,000 amps at 400 Hz. Mr. Frank Chacon of the
Eaton Corporation recommended checking whethcr the 8,000

amp fiqgure was a "Peak" or a "RMS" value. During the 400 Hz
testing performed at the Eaton test facility, the maximum
current obtainable was 3200A RMS at 250 Volts.

A number of documents contain information on maximum fault
current. However, except for Item #6, none of the sources
indicate values approaching the 8,000A rcquircment. Item
#6, however, includes information on a study conducted on
contending advancced technology generating concepts.
Included in this study is a Permanent Magnet Rotor Generator
(PMG) which offers the advantage of size and weight reductions,
but on the other hand, includes the drawback of severe fault
- currents as hiah as 15 PU rating or approximately 4,000A
per gencrator. If the PMG system is not thc rcason for the
8,000A requirement, the validity of this specification
remains questionable.

5.2 Operating Tcmperature

Numerous documents contain information on the operatino
temrperature of the SSPC, resulting in a wide range of speci-~
fications. However, the requirement of -55°C to +85°C
contained in the contract appears similar to the majority

of data collected.

5.3 Storage Temperature

As with the operating temperature, numerous documents contain
information on the storage temperature 8f SSPCs._ This
information shows clearly, that the -65"C to 150 C temperature
is correcct.
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5.4 _Altitude Range

Available documents indicate maximum altitudes ranging from
42,000 fect to 100,000 feet. However, the majority of
information is very close to the contract specification of
0-80,000 feet.
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APPENDIX A

LISTING OF DATA SOURCES




ftem #7

Pauc 43,
Pagec A-16

Item #21
Page 14
Page 16
Pagce 17
Page 18
Page 30
Page 37
Page 59
Page GO
Page 61
Page 66
Page 75
Page 135
Page 161

Item #22
Page 36

Item $#29
Page 6

Page 7
Page 8
Page 17

44

Anpendix A

Verify SSPC Envelope Characteristic Shape

1HICPC 10A, 1 phase, 3 phasc trip characteristics
HCPC 10A fail-safe fuse

40A~-~-2-20 sec.
250A---.1-1 sec.

Information on wire protcction with 5A, D.C. controller
Information on fusible 1link

Curve-percent of rated load vs. time
Recommends fuse link per MIL-P-81653
Curve-load current vs. time - 5A, D.C.
Curve-load ¢urrent vs. time - actual test
Wire protection - 2A, AC

Fuse - 2A, AC

Curve-percent of rated load vs. time 2A, AC
Curve, load current vs. time

Curve, load current vs. time

End Curves - % of rated load vs. time

Table of trip times vs. current

Chart of test data - blow time vs. current

Fuse designed to protect #26 gauge wire and
Rockwell 2A-SSPC.
New fuse required for SSPCs greater than 3A.

SSPC (2A) switch trip and fuse clearing time
SSPC - Fuse

Figure 8 - recommended trip characteristics for
modified SSPC
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Item #29 (cont.)

Page

A9
App.

35

B-3

Item #30

Page

App.

5

B

431

Item

Page
Page
Page

App.

5

13-18

25

B Paage 7

$33

Item

Page
Page
Page

Page

11
42
46
48

SSPC spccification comparisons (26, 115, and
230V-AQC)

SSPC {rip and fusc clearing time requirement

SSPC curve ~ rated current vs. trip time

#26 gauge for low power circuits
$#24 gauge for high power circuits
26, 24 and 22 gauge wires

Trip characteristics for AC load

Trip time data (~-55°c, 25°C and 120°)
Trip time data (-55°c, 25°C and 100°C)
Trip values for 10Aa-115V, 400 Hz SSPC

#24 gauge is minimum wire size
Wire temperature rating chart
Operating temperature of single wire in air

Derating factor for wire vs. altitude

cemev M ¥




Item #3

Anpendix A

Rescarch SSPC Design

Detailed explanation - especially page 40

Pagc

Item #31

Item

Page
Page
Page
App.
Page
$£29

Arp.
App.
App.
App.

4--377 RCA power controller

(e Te- IRV TN T N}

B-2
B-6

Cencral requirements

Function

Schematic diagram of 3 phase, 10A SSPC
Parts legend for schematic

Describes Rockwcll SSPC

Rockwell Solid State Power Controller Chip
Power Controller Funct. ons

Block diagram of SSPC

g




Ttem #3

Pagec 10
Page 26

Paqge 23
Pagyce 25

Itcm #20
Page 4
Page 13
Page 132

Item £#24

Page 1

Item #25
Pagce 329
Page 121
Page 139

Item #25

Page 329

-

Apnendix A

SSPC_Usaqe

900 SSPCs on i
Piec Chart showing size and voltage

400 SSPCs on single enginc aircraft

Data showing 2 of various amps on single
cnqgine aircraft

Usage table - 1000 SSPCs, 1 phase, 115 volt

1/28 - 484
2A - 291
5A ~ 110
10 - 93
20A - 22

839 SSPCs on B-1 - 1.5 + 1.6A
B-1 - 80% are less than 1.6 or 1.5 amps
Data showing amp and voltage of B-1 SSPCs.

On B-1s, 50. of SSPCs are 1/2A and less

Shows SSPC current ratings
Shows SSPC current ratings

Shows SSPC current ratings

SSPC ratings of 10. 8,75{ 3, 2, 1 and 1/2A
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Item #26
Page 1-3 270v, D.C., 28V, D.C. and 400 Hz
Paqe 3-1 115/200V AC
Pagce 3-14 SSPC Used - 2A - 28V DC
5A - 28V DC
10A- 28v DC
2A - 115V AC
SA - 115V AC
Page 3-17 70% of SSPCs are 2A at 115V AC and 28V DC
Page 3-26 SSPCs 28V DC - 2A, 5A and 10A
J15V AC- 2A, %A and 10A
270V DC - 2A
Page 328 Recommended mixture of loads
Page 4-1 Tolerance on DC voltage - + 10 volts
Page 4-3 300V DC output
Page 4-280 Load power controller summary
Page 4-340 SSPC types 28V DC - 2, 5 and 10A
115v AC - 2, 5, 10 and 50A
Item #27
Page 1 115V, 5A, 400 Hz Controller
26V, 1A, 400 Hz Controller
Item #29
Page 33 Study covering SSPCs with ratings of
1/2a, 2A and 5A at 115V, AC and lA at 26V
Page 44 Mentioned 28V DC and 270V DC SSPkCs
Standard voltages - 28v DC, 270V DC, 115V AC
and 26V AC.
Item #31
Page ii 10A - 200/115Vv, 400 Hz SSPC
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Item

Page

Iten

Page

Item #:

Page

Item

Page

t4

31

#b
116

Itempigg

Page

Page
Page

Item

Page
Page

5

163
156-180

£21
13-18
25

Appendix A

Additional Contract Requircments

A. Maximum Fault Current

4-90KVA generator on B-1 or B-52

Permanent magnet generator (PMG): Cannot
control fecd current; therefore, scovere
fault currents, as high as 15 PU can be
generated.

Shows worst condition on B-1 bomber to be
230 KVA at P.F, of .85.

Fault current up to 1000% of rated current

Fault current of 1600A for 3 phase and 1200A
for 1 phase for the first quarter cycle

3763A Peak and 2,304A RMS

Fault current analysis

S/C current 400 amperes

S/C current 400 amperes
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B & C - Operating Temperature and storage Temperaturc

- r‘
Item 43 -
. ) Pagce 91 +85°%C n8rmal opchQina temperature
+122°C - max. design temperaturce for SEPC
, Page 53 -55°C to +100°C (for fusc)
Page 87 -65°r to 160°F
Item #7
Page C-7 & 3-13 Casc temperature - -40°% to +75°C o
Casc storaygc temperature -65 C to 100°C
ITtem #21
Pages 135 hmbient temperature -54°C 80 95°C with a
to end case temperature of %20 C
Storage -65°C to 150°C
Item #24
Page 19 Test temperature -55°%, +25°C and +75°C
- Page 58 Operating temperature - -S42C to +7SgC
Storage Temperature - -65°C to +950C
Emergency Temperatucre - -54"C to +95°C
Item 25
Page 5 Ambient temperature of -55% to +125°%
Page 147 -49° to +49°C
Item 25
Page 5 -55°¢c to 125° for fighters
Page 11 Case temperature of -55% to 120°C
Item #26
‘ Page D-4 Storage temperature -65° to 150°C ’
;
101 i !




Item #2§

Item #29
Page 30
Page A 6

Item #31

Page 11

Maximum output tompcrature-—ldQOC
Operating temperature
Component case tcmperature

SSPC case temperature

Storage temperature of -65°C to 150°C

Maximum ambient temperaturc - 96.9°C

Environmental Chagacterist&cs
Operating - SSOC to +71 8
Storage - -65"C to +150°C

Opcrating temperature -55% to +120°C

Heat shrinkable sleeving MIL-I-23053
wire -200°C

Anpendix A
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D. Altitude

Jten #3
Paagce 87

0-706,000 ft.

Pagce 135 100,000 ft.
to cond '

Page 147 0-42,000 ft.

Item 29
Page AG 0-70,000 ft.

Item #33

Page 38 60,000 ft.
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Technico iumoronguin NO. 251-290
ENGINEL RING L ABORATORIES DATE 29 Felruars o0
- Appendix B REV.
e S R Rt = = = B
DISTRIBUTION:
SUBJECT TEST OF SOLID STATE PGWER CCNTACTOR I'OR BUSSMAN
NIsuE DEKT
MFG CO.
Jd. C. Bass 230
P. M. Fleetwood 257
T/¥R NO. 027775.16 MGUEL ti0. _ N/A C. F. Kuhn - File 257
test oepyr _237A TEST STARTED .. _2/24/82 J. G. Shipley 257
YEST comPLETED __ 2 /24 /82 "
(O PRIME DEPARYMEMT FINAL REFORT
[} SuPPORT DEPARTLLNT REPORT
{3} LMITLD (R REPORY

O INTERIM TEST KEPORY ¥C.

PREPARED RY /{ & \«-—»J«V"'Q

E. A. Saudoval, Technical Specxall‘t
Electrical Laboratory

APPROVED BY ~ ;,’/ g.w'!{_»_'?Q., “A’;)%"b
P/ . Fleetwood, Section Chief
Instrumentation & Standards Labs

1. A Selid State Power Contactor (SSPC) part nuwber 459C300 S/N 066 manufactured
by Telephonics of Huntington, N.Y., and rated at 1.6 ampercs RMS at 230V AC
RMS 400 Hz was tested to detemnnine the time it takes for the SSPC to open
after overload currernts are applied.

2. The tests were conducted in the Electrical Gencrator Test Facility of MCAXIR
St. Louis, Mo. and the tests were witnessed by Engineers V. Spaunhorst and
E. Long of Bussmann Manufacturing Company of St. Louils, Mo.

3. The test results during the overload tests are listed in Table 1. These test
results were within the limits expected by the witnesses,

104
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MICOTCIIELL AlIRCH.AE Y Cl PRV 257-290 l
) TABLE 1 - FAULT CURRENT TRIP TIMES .
{
!
T Favlr ;
A AC Volts Scconds Remazks :
n _. . hnps —_
1. 1.6 100% 234.0 417.0 Did Mot Open (lNormal) h
2. 2.56 1607 231.34 11.5 f
3. 3.2 2002 231.0 2.125 ,
4, 4.8 300% 229.75 0.525
5. 6.4 400% 229.7 0.225 1s¢ run F
y
231.0 0.245 2nd run
6. 9.6 600% 228.30 0.105 lst run J
230.0 0.1075 2nd run
7. 12.8 800% 227.0 0.0675 ist run ]
- ) 226.0 0.0625 2rnd run
3. 14.4 900% 233.0 Instont Trip Tripped on lst cycle
232.0 " " ’
9. 16.0 1000% 235.0 " "
|
) rd
|
|
!
|
{
L -
. %
105 '
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SSPC FUSE DEVELOPMENT PROGRAM

FINAL TECHNICAL REPORT

CONTRACT NUMBER F33615-81-C-2052
PROJECT NUMBER 3145-2964

APPENDIX B
COMPARISON OF EXISTING FUSE TIME
CURRENT CHARACTERISTICS TO THE SSPC

ENVELOPE CURVE

BUSSMANN DIVISION
MCGRAW-EDISON CORPORATION
P.0. BOX 14460

ST. LOUIS, MO 63178 ’
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SSPC FUSE DEVELOPMENT PROGRAM

FINAL TECHNICAL REPORT

CONTRACT NUMBER F33615-81-C-2052
PROJECT NUMBER 3145 -2964

APPENDIX C
COMPARISON TESTS OF 60 HZ VERSUS 400 HZ
OPERATION AND SEA LEVEL VERSUS 80,000 FEET
PERFORMANCE

BUSSMANN DIVISION
MCGRAW-EDISON CORPORATION
P.0O. BOX 14460

ST. LOUIS, MO 63178




COMMERCTAL TUSE PERFORMANCE Appendyx €
St e L T T : page |}
Freq. - 60 H=
Volts - 125V
Power Factor-.73-.80
- - —— - T~ -
CURRENT | _ _ FUSE PERFORMANCE | 12
. _FUSE LEVEL | TOPEN AIR™ ] 80,000 £t | OPEN AIR 180,000 ft.l .
ABC-2 200% OK OK .39 sec. .50 sec. (Clearinz Tire)
5007 OK OK .05 sec. .37 sec.(Clearing Tie)
2,500A OK OK 5.2 5.3
5,000A OK OK 5.7 4.3
8,000A OK OK 6.2 6.0
ABC-15 2007, OK oK 9.0 sec. 19 sec. (Cleavin; Tims)
500% OK OK .2 sec. .7 sec. (Clearing Time)
2,500A 101°¢ OK 343 345
5,000A oK OK 379 343
8,000A 0K oK 378 394 }
ABC-30 200% . OK OK 6.6 sec. 5.5 sec.(Clearing Time .
5007% OK OK .37 sec. .53 sec. (Clearin; Time)
2,500A OK 0K 1,647 1,650 1
5,000A oK 0K 1,636 1,618
8,000A OK oK 1,769 1,838 1
MDL-2 200% OK OK 41 sec. 31 sec. (Clearing Tize)
500% OK OK 1.2 sec 1.3 sec.(Clearing Tire)
2,500A oK oK 121 128 )
5,000A oK oK 121 122
8,000A OK OK 133 130
MDL-7 2007 (1)Cracked Tube 0K 18 sec. 16 sec. (Clearine Time)
5007 oK OK 1.8 sec. 3.4 sec.(Cleariny Tire;
2,500A OK (1)Burst Tube 731 767
5,000A OK oK 744 729
8,000A (1)Cracked Tube (0)¢ 789 788

Data Ttem 34
Released Date 12706720

v . )

* The term OK in regard to fuse performance means the fuse remained intact and I
cleared the circuit while containing all fragments (tube, end, caps, fusce . "
element, etc.) of the fuse construction. '




. Data Item 35
- . Vo -*. Releascd bate 12/30/8:
COMMERCIAL FUSF,_ PERFORMANCE Appendix ¢
Freq. - 60 Hz page 2
Volts - 250V
Power Factor-.79-.85
. CURRENT FUSE_PERFORMANCF, Izt .
' FUSE LEVEL OPEN AIR 80,000 ft. OPEN AIR*TB0,000 ft.
. - SC-4 2007, oK OK - -
5007 OK 0K 5.54 5.59%
2,500A (0] 4 OK 6.50 6.52
. 5,000A oK OK 6.99 7.07
- 8.000A oK oK 8.79 8.89
SC-20 200% OK OK 21 sec. 13 sec. (Clearing Tire)
. 500% oK OK 1243 1162
‘ 2,500A oK OK 768 745
, 5,000A OK : oK 899 777
,. . 8,000A OK oK 945 921
. ! sc-30 2007 oK oK 25 sec. 27 sec. (Clearing Tim:)
500% OK 0K 10,704 9,912
‘ 2,5007 OK OK 2,699 2,688
5,000A OK 0K 3,115 3,156
- _ 8,000A OK 0K 3,211 3,103
1 GLR-15  200% oK oK 31 sec. 30 sec. (Clearing Time)
500% OK OK 1,646 1,642
| 2,500A OK OK 267 309
R | 5,000A oK : OK 358 354
R . 8,000A OK OK 353 372
. | FNQ-30  200% oK oK 31 sec. 16 sec. (Clearing Time)
: 5007% OK (81,4 10,955 2,667
] 2,5004 oK oK 2,891 2,917
4 5, 0004 OK oK 3,067 3,067
1 8,000A OK 0K 3,173 3,136
) { * The term OK in regard to fuse performance means the fuse remained intact and
cleared the circuit while containing all fragments (tube, end, caps, fuse
element, etc.,) of the fuse construction.
r

Bamne. S g i




Appendix C

page 3
COMMERCIAL FUSE PERFORMANCE
60 Hz vs 400 Hz
Current Level - 3200A @ 115V
N 2900A @ 230V
FUSE VOLTAGE  CLOSING PT. 12¢
(RANDOM 60 Hz 400 Hz 400 Hz
', SEA LEVEIL. SEA LEVEQ__ﬁ0,000 FT.
ABC-30 115v 300 1536 - 499
600 1683 399 -
70° 1613 307 382
i 90° 1594 362 -
: 1500 1690 445 480
. MDL-7 115V 700 866 186 195
70° 736 136 -
| : 80° 683 168 162
- i ' 90° 720 192 137 b
: ; 90° 728 121 - ‘
; ! GLR-15 230V 0o 269 100 * '
; 0° 314 68 *
‘ ‘ 0° 312 65 *
200 285 86 *
580 338 86 *
! 1
sc-15 230V 500 354 72 *
60° 400 60 *
820 346 35 *
80° 344 57 * '
90° . 278 46 *
.4 |
FNQ-30 230V 900 - 659 *
. 900 2822 889 *
' { 500 2880 871 * i
SR 100° 2816 784 Lk
720 2848 908 *
i
\

| * Altitude tests on 230V fuses were deleted because of time restriction
plus no apnarent difference on 115 fuses.
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SSPC_FUSE DEVELOPMENT PROGRAM

FINAL TECHNICAL REPORT

CONTRACT NUMBER F33615-81-(C-2052
PROJECT NUMBER 3145-2964

APPENDIX D
PRELIMINARY DESIGN CONCEPTS

BUSSMANN DIVISION
MCGRAW-EDISON CORPORATION
P.0. BOX 14460

ST. LOUIS, MO 63178
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SSPC FUSE RELIABILITY PROGRAM

Report 1

Summary

An investigation of the reliability of fuses indicates that the
inherent high reliability of fuses is not always achieved due to
degradation of the product in the manufacturing process, The
investigation also establishes the need for additional information
on the value of screening procedures for fuses.

18 November 1981

R
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1.0 BACKGROUND

Under contract F33615-81-C-2052 the Bussmann Division of McGraw-
Edison Company is to develop a fuse for use with the Solid State
. Power Controller (SSPC). The SSPC is used in aircraft to control
power to various devices such as flap motors, landing lights and
other electrical loads. The SSPC is designed to interrupt the

power to its controlled device in the event of an overload con-
dition, The purpose of the SSPC fuse is to protect the aircraft
wiring and buss if the SSPC fails to "switch-off” an overload,
When used in this type of application, fuses are also called
current limiters,

1.1 Reliability requirements.

The specification for the SSPC fuse requires a failure rate of
0.1 failures per miilion hours of operation, which translates to

a 10 million hour mean time between failures (MTBF). This value
is the same as that given in MIL-HDBK-217, (Table 2.14-1) Reliabil-
ity Predicti.n of Electronic Equipment, ]

1.2 Failure definition.
No definition of failure was provided, therefore, one must be

developed to provide a basis for discussion or evaluation of
reliability.

2.0 FUSE RELIABILITY CONSIDERATION

Given the construction and application of fuses, certain character-

jstics that relate to reliability are well known,

2.1 Failure modes.
Assuming a fuse design has been proven, that is it doesn't have

a short between terminals and it does open within some specified
performance band, there are two possible failure modes, A fuse
~— may open when it should not, or it may fail to open when it should.
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The causes of premature opening are an improperly fabricated fuse
element, poor solder connections, improper fill or other fabrica-
tion errors. Failure to open properly is caused by improper
fabrication of the fuse element and other manufacturing errors,

Failure definitions.

Failure of a fuse may be defined as failure to open when it
should, opening when it should not or both, In most applications
fuses are easily replaceable and an occasional open fuse would

be replaced without being reported as a failure. Failure of a
fuse to open, however, is likely to cause some form of damage
and, therefore, more likely to be reported as a failure.

Reliability characteristics.

A properly designed and constructed fuse has an almost infinite :
life. That is, the fuse will carry a certain current indefinitely 4
but still open on prescribed overload conditions.

FUSE RELIABILITY DATA

Initially it was assumed that data existed which substantiated

the 0.1 failures per million hours given in MIL-HDBK-217. Such
data has not been located. Also, while manufacturers of fuses
and various users have conducted fuse testing, the test data

available is of limited value. The purposes and procedures of

the tests vary and in all cases the total accumulated test hours
is small compared to the 23 million hours (with no failures)
required to demonstrate the 0.1 figure at a 90% confidence level,

Data sources.
In an effort to obtain reliability data on fuses, the following

sources were utilized:
GIDEP BUSSMANN
RADC DTIC
NASA NTIS
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3.2 Summary of findings. f

No data was found which indicates a general failure rate for .
fuses of 0.1 failures per million hours, RADC has data showing
failure rates approaching this value, but no failure definition p/
~is provided., NASA has Jone considerable testing of miniature
fuses to establish derating curves for their unique applications
and to establish screening criteria., Available manufacturers'
test data is based on short time spans, mostly 1 to 24 hours.

3.2.1 RADC.
Based on a total of 529 million part hours and 72 failures, a
failure rate of 0.136 X 10'6 hours was determined for a ground
fixed environment., A shipboard sheltered failure rate of
0.124 X 107 hours is based on 48.6 million operating hours with
6 failures. This data must be viewed with some skepticism since
a failure definition is lacking and because the performance of
every fuse was not tested. Also, this is field data which leaves
questions on the quality of reporting.

3.2.2 NASA.
For space applications it is of utmost importance that fuses do
not open unless there is a dangerous overload. With this require-
ment in view, NASA has conducted testing to establish the current
carrying capacity of fuses and develop derating criteria. NASA
has recently conducted testing to evaluate the merits of different
screening criteria,

3.2.3 Bussmann,
Bussmann regularly conducts burn-in and screening tests on their

]
- .

) fuses. The predominantly used predictor of fuse quality used by
Bussmann and other manufacturers is cold resistance. In a recent
test, 2675 acceptable fuses were subjected to a 1 hour burn-in,
Following burn-in, 42 fuses had unacceptable cold resistance
values and were culled from the shipment.

[Ty P e
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~
j 3.2.4 g1DEP. "
The GIDEP data is essentially the same as the RADC data. This o
: is not surprising since both utilize the FARADA data. ”
! 4,0 CONCLUSIONS
‘ The existing reliability data on fuses can be very misleading
depending on the objectives of the test, the method of the test,
and the failure definition applied. A definition of failure for
the SSPC fuse is required. Fuses are inherently reliable, but
screening procedures are necessary to eliminate fuses which have
been degraded in the manufacturing process. :
{
4.1 Failure definitions. B |
i Given the application and the performance requirements of the l~
SSPC fuse, the following failure definition is proposed.
- {

Failure is defined as the inability to meet the
performance requirements for the SSPC fuse.

In other words, opening when it should not or failing to open
when it should is defined as a failure,.

4.2 Reliability.
To conduct reliability testing that would demonstrate, at a 90%

confidence, a failure rate of 0,1 X 10"6 hours would require the
following test times depending on the number of failures:

Failures Time (millions of hours)
0 23
1 38
2 51
3 62
4 76
5 87

Testing of this magnitude is not only beyond the scope of the
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contract, it exceeds the realm of the practical, It is, therefore,
apparent that methods must be devised which will screen out
potential failures and result in delivery of SSPC fuses which are

of high quality.

Screening.
While cold resistance values of fuses are used industry wide as

a screening procedure, there is some indication that hot resistance
may be a better criteria. Burn-in times are usually 1 hour although
occasionally 24 hours or more of burn-in has been used. To date

no information has been developed which indicates what an optimum
burn-in time might be. Radiographic inspection is a possible
screening method, but there is a serious question of its benefit

when applied to fuses.

FUTURE RELIABILITY EFFORT

Additional failure rate and failure mode data is being collected
and will be analyzed as acquired. Emphasis is being placed on
acquisition cf data on various screening procedures, A review
of Bussmann test data files will be made in a effort to deter-
mine the merit, if any, of longer burn-in times,

After this additional data has been evaluated, a screening
procedure for the SSPC fuse will be proposed,
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Appendix F

SSPC FUSE DEVELOPMENT

GENERAL TEST PLAN/PROCEDURES
BREADBOARD FUSE EVALUATION (PHASE II)

SCOPE

Scope. This test plan is intended to verify the design,
construction, and performance of SSPC fuses. It also

is intended to develop a basis for production screening
to assure a high level of quality.

APPLICABLE DOCUMENTS
Contract F33615-81-C-2052
TEST PROGRAM

Development. The SSPC fuse is being developed using a
phased approach which insures certain bench marks are
met before further work is performed. In consonance
with this approach, the test plan shall be implemented
in accordance with the phased approach established by
the contract.

Phase II. Testing in Phase II shall consist of the
Group I and Group II tests of this specification.

TEST PRCGRAM

Test sequence. The sequence of tests shall be in accordance
with Table T.

Test samples. The number of sample fuses to be subjected to
each test shall be in accordance with Table I.

Test facilities. The tests shall be performed at facilities
capable of conducting the prescribed tests and measurements
in a manner satisfactory to the government.

Test equipment. Test equipment calibration shall be
documented. Test data accuracy shall be recorded and
shall be consistent with the equipment and calibration
accuracy required for the specific test.
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1
TABLE 1 V
Test Sequence and Sample Quantities %
Sample Test
L
Inspection Qty. Para. Notes E
Group 1 4.6
Visual & mechanical examination ALL 4.6.1
Cold resistance ALL 4.6.2
Group II 4.7 P
Current carrying 5 4.7.1 1 };
Overload interrupt 37 4.7.2 1 xg
Short circuit interrupt 8 4.7.3 1 '

NOTE: 1. Quantity shown is for each rating. * §
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4.5 Test data. Pertinent data will be recorded for all tests
conducted. The data shall be retained for the duration

of the development program plus a minimum of one year.

4.6 Group I tests.

4.6.1 Visual and mechanical examination. All samples submitted
for testing shall be examined to verify that material,
design, construction, physical dimensions, marking and
workmanship comply with the applicable requirements. All
samples shall be numbered or otherwise individually identified.

4.6.2 Cold resistance. The resistance of all sample fuses shall
be measured at room ambient temperature. The measurement
shall be taken with a Wheatstone bridge, Kelvin bridge or
equivalent sensitive instrument.

4.7 Group II tests.

4.7.1 Current carrying capacity. Five samples of each fuse rating i
shall be subjected to a 400 Hz or 60 Hz alternating voltage :
at 125% (+10% -0%) of rated current. The power supply may
be of any value which is not less than 6 volts. The current
shall be maintained for a period of not less than 3 hours 4
at room ambient temperature. The test shall be repeated
using the same samples at -55°C and at +85°C following a
30 minute soak at each temperature.

4.7.2 Overload interrupt. A sample quantity of 37 fuses of each
current rating shall be subjected to the percentage of
rated current shown in Table 2. The test samples shall be
distributed in accordance with the temperatures shown in
the Table. The samples shall soak at the stated temperatures
for 30 minutes prior to the application of electrical
current. The 400 Hz or 60 Hz power supply may be of any
value which is not less than 6 volts.

TABLE 2
Overload Interrupt Test |

Sample Qty. & % of Rated Clearing Time
Temperature Current Min. Max.
(Seconds) g
Room -559C +850C +3%
5 2 2 200 2.70 >100
5 2 2 300 1.0 >100
5 2 2 500 .370 3.80
5 0 0 1,000 .130 1.05
5 0 0 3,000 .035 .190C
154
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Short circuit interrupt capacity. Eight sample fuses of
cach rating shall be subjected to a 6,000 ampere short
circuit test in accordance with Table 3. The test shall
be conducted using a 400 Hz or 60 Hz power source having
an open circuit voltage equal to the fuse voltage rating.
Fuses shall open the circuit and remain in tact. The
voltage should be held for 30 seconds after interruption.
Any rupture of the fuse shall constitute a failure.

TABLE 3

Short Circuit Interrupt Capacity

Test Qty. Altitude
8 Sea Level
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PRELIMINARY SSPC FUSE DESIGN SPECIFICATION

FUSES, AIRCRAFT TYPE,
GENERAL SPECIFICATION FOR

1. SCOPE

1.1 Scope. This specification covers aircraft type
fuses designed for the protection of aircraft wiring
associated with solid state power controllers (SSPCs)
on direct current (DC) and alternating current (AC)
(up to 400 Hertz (Hz)) circuits.

2. APPLICABLE DOCUMENTS
Contract F33615-81-C-2052

3. REQUIREMENTS

3.1 Specification Sheets. The individual item shall be
as specified herein and in accordance with the ‘
applicable specification sheets. In the event of i
any conflict between requirements of this specification *‘.

and the specification sheet, the latter shall govern.

3.2 Material. The material for each part shall be as
specified herein. However, when a definite material
is not specified, a material shall be used which will
enable the fuses to meet the performance requirements
of this specification. Acceptance or approval of any
constituent material shall not be construed as a

guarantee of the acceptance of the finished product.

3.2.1 Restricted Material. Flammable or explosive material,
or material which can produce toxic or suffocating
fumes when the fuses are in service shall not be used

in the construction of the fuses.

3.2.2 Case or Body.
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3.2.2.3

3.2.2.4
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Glass. When glass is used, it shall be of high
quality, free from strain, and sufficiently
clear to permit the enclosed fuse element to

be readily secen.

Plastic. Unless otherwise specified (sce 3.1),
any plastic insulation may be used, except that
cotton base or cotton or cellulose filled molding
material shall not be used.

Ceramic. Ceramic insulation shall be grade L.311
or higher grade, in accordance with MIL-I-10.

Epoxy. Epoxy encapsulant compound shall conform
to type B of MIL-1-16923.

Current Carrying Parts (except fuse element).
Current carrying parts shall be of brass, copper,
or phosphor bronze conforming to QQ-B-613 or QQ-B-626,

0Q-C-576, QQ-B-750 and MIL-C-21768, respectively.

Non-Current Carrying Parts. All metal non-current
carrying parts shall be of corrosion resistant
material or of material adequately protected against
corrosion in accordance with MIL-F-14072.

Design and Construction. Fuses shall be of a design,

construction and physical dimensions as specified
(see 3.1).

Mounting. Unless otherwise specified (see 3.1)
the fuse shall be designed with lead type terminals.

Terminal Mounting. Terminals shall be secured to
the fuse body so that they shall not loosen. The
fuse wire shall be so attached that there shall be
no danger of breaking the fuse wire or connections
when installing the fuse. Terminals other than

the ends to which the fusible elements are attached
and the leads shall be free from solder.

Terminal Finish or Plating. Ferrules shall be
plated as specified (see 3.1). Leads shall be
tin-lead plated or coated as specified (see 3.1).
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3.3.3.1 Bright Alloy Plating. Minimum plating of bright
-~ alloy shall be 0.00008 inch thick. The plating
shall be of the following composition:

Copper - 50 to 60 percent
Tin - 25 to 28 percent
Zinc - 14 to 18 percent

3.3.3.2 Tin-Lead Plating or Coating. Tin-lead plating or
coating shall conform to MIL-P-81728.

3.4 Continuity. Fuses shall have electrical continuity
(see 4.8.2).

3.5 Resistance. Fuses shall have electrical resistance
as specified (see 3.1 and 4.8.3).

3.6 Current-Carrying Capacity. Fuses shall show no
evidence of mechanical damage and shall carry 125%
of rated current without opening. The temperature
ot the case, body or terminals shall not rise more
than 90°C above room ambient temperature (see 3.1 and

4.8.4).
3.7 Terminal Strength. Fuse terminals shall not become
damaged when subjected to the specified force (see
- 3.1 and 4.8.5).
3.8 Overload Interrupt. Fuses shall open the circuit

within the time limits specified in Table I
without causing the case or body to char or fracture. ‘Y
The circuit shall remain open without the circuit
closing again during the l-minute period after

interrup. Immediately after removal of the fuse, 1
and in no case not more than 1 minute after removal
of the fuse, the insulation resistance shall be as 4
specified in 3.9 (see 4.8.6).

3.9 Insulation Resistance. The insulation resistance {
after overload interrupt (see 3.8) and short circuit
(see 3.10) shall be at least 1/2 megohm (see 4.8.7).
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TABLE I OVERLOAD_ INTERRUPT TIST
Percent of
Rated Current Clearing Time (Seconds)
(+32 - 0%) Minimum Maximum
200 2.70 >100.0
500 .370 3.80
1000 .130 1.05
3000 .035 .19

Short Circuit. Fuses shall remain intact and shall

open the circuit. The fuses shall remain in the energized
circuit 1 minute without any indication of the circuit
closing again. Immediately after removal of the fuse,

and in no case not more than 1 minute after removal of

the fuse, the insulation resistance shall be as

specified in 3.9 (see 4.8.8).

Vibration, High Frequency. There shall be no electrical
or mechanical damage to the fuse (see 4.8.9).

Shock. There shall be no electrical or mechanical damage
to the fuse (see 4.8.10).

Salt Spray (corrosion). There shall be no evidence of
excessive corrosion. Excessive corrosion is defined as
that which interferes with the electrical or mechanical
performance, or in the case of plated metals, corrosion
which has passed through the plating and attacked the
base metal. There shall be no warping, cracking, or
other electrical or mechanical damage to the fuse

(see 4.8.11).

Moisture Resistance. There shall be no cracking, peeling,
loosening of terminals or evidence of electrolytic
corrosion.

Thermal Shock. The fuses shall show no mechanical or

electrical damage and there shall be no loosening of
the terminals or other parts (see 4.8.13).

'
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3.16 Marking. Unless otherwise specified (see 3.1),
each fuse shall be marked in accordance with
method 1 of MIL-STD-1285.

3.16.1 Ferrule and End Cap Marking. The fuse ferrules
shall be marked with the following:

a. Type designation

b. Manufacturer's name, trademark or code symbol.
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. Test
Requirement Method
Inspection _ Paragraph Paragraph
Croup I (all samples)
Visual and mechanical examination----3.3, 3.16 4.8.1
Resistance-——-—-=——c—memmm e 3.5 4.8.3
Current-carrying capacity-—--—---——~—-—-—- 3.6 4.8.4

Group II (see 3.1)
{24 sample units/current rating)

Terminal strength-——ceemmmmm o 3.7 4.8.5

Overload interrupt--—--——————ccmmc - 3.8 4.8.6
Insulation resistance-----——————-—- 3.9 4.8.7

Group 111 (see 3.1)

( 4 sample units/current rating)

Short circuit~-—=-—c—wmemm - 3.10 4.8.8
Insulation resistance-----———----—-—- 3.9 4.8.7

Group IV

(4 sample units/current rating)

Vibration, high frequency--=--=-ce-w- 3.11 4.8.9
Continuity-=—==----cccm e - 3.4 4.8.2
Shock=-=--=e-wcom e m e 3.12 4.8.10
Continuity-~----c-ccmmm e 3.4 4.8.2

Group V
(4 sample units/current rating)
Salt spray (corrosion)----—-—-—-—ece—e-c— 3.13 4.8.11
Overload interrupt (at room ambient
temperature and maximum voltage
rating)-—-—==~———c—c 3.8 4.8.6
Insulation resistance---=---—-—=-c--- 3.9 4.8.7
Group VI
(4 sample uﬁffggEﬁ?rent carrying)
Moisture resistance-------=-—-e—e-—--o 3.14 4.8.12
Thermal Shock~==eeeem e e 3.15 4.8.13
Current carrying capacity (at room
ambient temperature)---—-----—ee—-—o 3.6 4.8.4
Overload interrupt (at room ambient
temperature and maximum voltage
rating)---—-~-——-------cem—m—e——m— oo 3.8 4.8.6
Insulation resistance------cccc-—e--- 3.9 4.8.7
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Appendix G

~ 4. QUALITY ASSURANCE PROVISIONS
Paragraphs 4.1 through 4.7 dealing with Responsibility
, for Inspection and Quality Conformance Inspection will
| be included in the final specification.

4.8 Method of Examination and Test.

. 4.8.1 Visual and Mechanical Examination. Fuses shall be
examined to verify that the materials, design, and
construction, physical dimensions, marking and work-
manship are in accordance with the applicable require-
ments (see 3.1 through 3.3 and 3.16).

4.8.2 Continuity (see 3.4). Continuity of each fuse shall be
determined by use of a low voltage ohmmeter or other
b suitable method.

4.8.3 Resistance (see 3,5). Resistance shall be measured with
a Wheatstone bridge, Kelvin bridge, or equivalent
sensitive instrument. Measurements shall be taken at
room ambient temperature and as close to the fuse
element as practicable.

4.8.4 Current-carrying Capacity (see 3.6). Fuses shall be
-~ subjected to an AC current (400 Hz) at 125 percent of
rated current. The samples shall be apportioned and

submitted to the test at:

o]
1) -55% *oc

+590 .
2) +25°cC _goC (Room ambient temperature)

(o]
3) +85% !loc

The current shall be maintained for 30 minutes after the
temperature of each fuse has stabilized, but shall be
applied for not less than 1-1/2 hours. It may be

assumed that the temperature has stabilized when three
consecutive temperature readings taken at 10 minute
intervals show no rise in temperature. Fuses shall be
mounted in a fuseholder as specified (see 3.1). When

two or more fuses are tested in series, the fuseholders
shall be located so that there will be a spacing of not
less than 6 inches between any two fuses under test.

The wire connecting the fuseholders together and connecting
the fuseholders to the ammeter and the source of supply
shall be size 8 and shall be in accordance with J-C-30,

The length of wire between fuseholders shall be 2 feet.

The temperature of the fuse case or body and of the

g terminals shall be measured by thermocouples (wire size

+ 28 to 32 AWG).
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Terminal Strength (see 3.7). Unless otherwise
specified, terminals shall be tested in accordance
with method 211, test condition A of MIL-STD-202.
Forces shall be applied to the lead type terminals
as follows:

1. Along terminal axis. (3 pound force)
2. Perpendicular to terminal axis. (3 pound force)

Overload Interrupt (see 3.8). Fuses shall be subjected
to the percentage of rated current shown in Table I.
The sample fuses shall be apportioned and submitted

to the tests at:

o
1) -ss5°% *05c

o
2) +25°C fgoc (Room ambient temperature)

.
3) +85% T3oc

The fuses shall be maintained at the test temperature
for a minimum of 30 minutes, prior to the actual
application of the test current. The power supply

shall be an AC source 60 Hz or 400 Hz and have an open
circuit voltage of not less than that of the specified
voltage rating of the fuse under test. The fuses

shall be left in the circuit for 1 minute after blowing
without any indication of the circuit reclosing, and
insulation resistance readings shall be taken within

1 minute following the removal of the test voltage.
Opening time measurements shall be made with an
oscillograph for periods shorter than 1 second; a
synchronous timer may be used for measurements longer
than 1 second; a stop watch is suitable for measurements
of longer than 10 seconds. Following the test, insulation
resistance shall be measured as specified in 4.8.7.

Insulation Resistance (see 3.9). Fuses shall be tested
after overload interrupt (see 3.8) and short circuit

{see 3.10) in accordance with method 302 of MIL-STD-202.
The following details shall apply:

a. Test condition - A.

b. Points of measurement - Between terminals.

c. Following the test, fuses shall be examined
for compliance with 3.9.
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Short Circuit (see 3.10). Fuses shall be subjected
to the tests at the current, frequency and voltage
specified (see 3.1). The direct current tests shall
be made using appropriate generating equipment for

a source of power and with the rate of current rise
for the test circuit adjusted for at least 3.25 x 106
amperes per seconds. The alternating current tests
shall be applied within + 10° of zero point of the
voltage wave and the circuit power factor shall be
0.85 to 0.95. Short circuit currents shall be
determined by means of an oscillograph. Test circuits
shall be calibrated for the specified current with
the applicable fuseholder (see 3.1) short-circuited.
Following the test, insulation resistance shall be
measured as specified in 4.8.7.

Vibration, High Frequency (see 3.11). The fuses
shall be subjected to vibration tests in accordance
with method 204 of MIL-STD-202. The following
details shall apply:

a. Mounting - In applicable fuseholder (see 3.1). +

b. Test condition - C.

Cc. One-half of the sample units shall be tested
while carrying 100 percent of rated current
at any convenient voltage and frequency and 1
the balance tested with no current. All
sample units shall be tested for continuity
as specified in 4.8.2 at the end of the test.

Shock (see 3.12). Fuses shall be tested in accordance
with method 213 of MIL-STD-202. The following details
and ecxceptions shall apply:

a. Mounting method and accessories - Fuses shall *
be mounted in or on applicable fuseholders
(see 3.1).

b. Test condition - I, unless otherwise specified

(see 3.1).

c. Measurements before and after test - One-half ‘
of the sample units shall be tested while :
carrying 100 percent of rated current at any .
convenient voltage and frequency (see 3.1), )
and the remainder with no current. All fuses ‘1
shall be tested before and after test for ‘
continuity as specified in 4.8.2.
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4.8.11 Salt Spray (corrosion) (see 3.13). Fuses shall
be tested in accordance with method 101 of MIL-
STN-202. The following details shall apply:

a. 5-percent salt solution.

b. Test condition - B.

c. Following the drying period, the fuses
shall be subjected to 100 percent of
rated current for 1 hour.

d. Following the test, fuses shall be
examined for compliance with 3.13.

4.8.12 Moisture Resistance (éee 3.14). Fuses shall be
tested in accordance with method 106 of MIL-STD-
202. The following details and exceptions shall

apply:

a. Mounting - Normal mounting means on a
noncorrosive metal panel positioned 15
degrees from the vertical with the
terminal down.

b. Polarized voltage shall be 100 volts dc.

c. Steps 7A and 7B are not applicable.

d. Following the test, the fuses shall be
examined for compliance with 3.14.

4.8.13 Thermal Shock see (3.15). The fuses shall be
subjected to thermal shock tests in accordance
with method 107 of MIL-STD-202. The following
details shall apply:

a. Test condition - A.
b. Examination after test - Fuses shall be
examined for compliance with 3.15.
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STANDAHB SHEET 1

.
Seo B Laa

- SOLID STATE POWER CONTROLLER (SSPC) FUSE

1.400 .
max .250 + .004 Dia.
’ on Ferrule

!

”

LIRS

AR,

Tube

" \-\,

Ferrule

//—-Lead

— |

Min.
|l |
NOTE: ~{}~.025 + .002 Dia.

Dimensions are in inches.

REQUIREMENTS:

Applicable Fuseholders: MIL-F-21346/2, Style

FH22A, fuseholders shall be used for all testing.

The fuses shall be attached to the fuseholder screw s
terminals with the leads.

Terminals:

Material - Fuse ferrules - brass
- Leads - copper
Finish - Fuse Ferrules - Bright Alloy Platihg
- Leads - Tin-Lead Plating or Coating |
Body: ?

Plastic or ceramic tube.

TABLE I ELECTRICAL RATINGS

Current Short Circuit
Rating Interrupt Resistance
{Amperes) 28V DC *258V AC {Ohms)
€0 Hz
2 10,000A .
J
5 10,000A {

NOTE:

The AC short circuit interrupt test is performed at

60 Hz, since no 400 Hz source of adequate capacity
is available.
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Appendix ¢
SOLID STATE POWER CONTROLLER (SSPC) FUSE
- le—1.700 Max. —
—.{ —»1 .406 + .004 Dia.
Tube — 1T\ l i On Ferrule
Ferrule — 400 J 1 J
Max. 1.50"

: - Lead
” Min. J ”’/_-
l—— 7-1/2 - 15A

NOTE: i _
.051 + .002 Dia.
Dimensions are in inches. 20 - 30A
f .064 + .002 Dia.
; REQUIREMENTS : -
1 Applicable Fuseholders: MIL-F-21346/3, Style
FH25AM fuseholders shall be used for all testing.
The fuses shall be attached to the fuseholder screw
terminals with the leads.
é Terminals: s
b Material - Fuse Ferrules - Brass
- Leads - Copper
Finish - Fuse Ferrules - Bright Alloy Plating
- Leads - Tin-Lead Plating or Coating
Body:
Plastic or ceramic tube.
TABLE I ELECTRICAL RATINGS
Current Short Circuit
Rating Interrupt Resistance
(Amperes) 28V DC *zggvaéf, {Ohms)
7-1/2 10,000A
10 10,000A
15 10,000A
20 10,000A
30 10,000A
NOTE:

The AC short circuit interrupt test is performed at
60 Hz, since no 400 Hz source of adequate capacity
is available.
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SSPC FUSE DEVELOPMENT PROGRAM

FINAL DESIGN HARDWARE TEST PLAN

Bussmann Division
McGraw-Edison Corporation
P.0. Box 14460
St.Louis, Mo. 63178

SCOPE

Scope. This test plan is intended to verify the design,
construction, and performance of SSPC fuses. It also

is intended to develop a basis for production screening

to assure a high level of quality.

APPLICABLE DOCUMENTS
Contract F33615-81-C-2052

PROGRAM REQUIREMENTS

Development. The SSPC fuse is being develoned using a

phased approach which insures certain bench marks are
met before further work is performed. Consistent with
this approach, the test plan shall be implemented in
accordance with the phased approach established by the
contract.

Testing. Testing shall consist of the Group I and

Group II tests of this specification.

TEST PROGRAM
Test sequence. The sequence of tests shall be in

accordance with Table 1I.
Test samples. The number of sample fuses to be subjected

to each test shall be in accordance with Table TI.
Test facilities. The tests shall be performed at

facilities capable of conducting the prescribed tests

and measurements in a manner satisfactory to the government.
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TABLE T

Test Sequence and Sample Quantitics

Sample Test ;

Inspection Qty. Para. Notes 3

Group I 4.5 '

Visual & mechanical examination  ALL 4.5.1 f

Cold resistance ALL 4.5.2 ;

Group II 4.6 @
Current carrying 15 4.6.1 1

Overload interrupt 37 4.6.2 1 ;
Short circuit interrupt 8 4.6.3 1

NOTE: 1. Quantity shown is for each rating.

4.4 Test data. Pertinent data will be recorded for all tests
conducted. The data shall be retained for the duration
of the development program plus a minimum of one year.

4.5 Group I tests. R

4.5.1 Visual and mechanical examination. All samples submitted

for testing shall be examined to verify that material,
design, construction, physical dimensions, marking and
workmanship comply with the applicable requirements.
All samples shall be numbered or otherwise individually
identified.

4.5.2 Cold resistance. The resistance of all sample fuses

shall be measured at room ambient temperature. The
measurement shall be taken with a Wheatstone bridge,

Kelvin bridge or equivalent sensitive instrument.




Group ITI tests.

4.6.1 Current carrying capacity. Fifteen samples of each fuse

rating shall be apportioned and subjected to a 400 Hz
or 60 Hz alternating voltage (sec note) at 125% (+10% -07%)

+Q°

of rated current at -55°C [30C, +25°C
temperature. The current shall be maintained for a

soak at each temperature.

electrical current.

less than 6 volts.

TABLE 2

Overload Interrupt Test

C and +85°C 1o
period of not less than 3 hours following a 30 minute

4.6.2 Overload interrupt. A sample quantity of 37 fuses of

of rated current shown in Table 2. The test samples shall
be distributed in accordance with the temperatures shown
in the Table. The samples shall soak at the stated

temperatures for 30 minutes prior to the application of

Note: The power supply may be of any value which is not

Sample Qty. & % of Rated
t Temperature Current
o

+25%¢ T3¢ -s5°¢ *Jac +859c *3oc +37,
’ 5 2 2 200

5 2 2 300

5 2 2 400

5 0 0 1,000

5 0 0 3,000
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+30°

each current rating shall be subjected to a 400 Hz or
60 Hz alternating voltage (see note) at the percentage

Clearing Time

Min. Max.

(Seconds)
2.70 >100
1.00  >100 4
.550 6.90
.130 1.05 1
.035 .190 : i

mabiiih it

abd . sv -
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Appendix H

Short gircui&wipqugqp§-gqucipy. Eight sample fuses
of cach rating shall be subjected to a short circuit
test in accordance with Table 3. The test shall be
conducted at the rated voltage of the fuse using a

60 Hz power source. Fuses shall open the circuit
and remain in tact. The voltage should be held for
30 seconds after interruption. Any rupture of the

fuse shall constitute a failure.

TABLE 3

Short Circuit Interrupt Capacity

, Test Current
Test Qty. Altitude 2 & 5A 7-1/2 & 30A

8 Sea Level 10,0004 7,500A
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FINAL SSPC FUSE DESIGN SPECIFICATION
CONTRACT NUMBER F33615-81-C-2052, PROJECT NUMBER 3145-2904
FUSES, AIRCRAFT TYPE,
GENERAL SPECIFICATION FOR

1. SCOPE

1.1 Scope. This specification covers aircraft type
fuses designed for the protection of aircraft
wiring associated with solid state power controllers
(SSPCs) on direct current (DC) and alternating
current (AC) (up to 400 Hz) circuits.

1.2 Classification.

1.2.1 Part Number. The part numbers of the fuses shall
be in the following form and as specified (see 3.1).

M XXXXX/1 2A
l L»Specification Sheet L-Current Rating

l- This Specification
For Military Part Number

2. APPLICABLE DOCUMENTS

- 2.1 Issues of Documents. The following documents, of
the issue in effect on date of invitation for bids
or request for proposal, form a part of this
specification to the extent specified herein.

SPECIFICATIONS

FEDERAL

J-C-30 - Cable and Wire, Electrical (Power,
Fixed Installation).

QQ-B-613 - Brass, Leaded and Nonleaded: Flat
Products (Plate, Bar, Sheet, and
Strip).

QQ-B-626 - Brass, Leaded and Nonleaded: Rod,

Shapes, Forgings, and Flat Products
with Finished Edges (Bar and Strip).
QQ-B-750 - Bronze, Phosphor; Bar, Plate, Rod,
Sheet, Strip, Flat Wire, and Structural
and Special Shaped Sections.
QQ-C-576 - Copper Flat Products with Slit, Slit
and Edge-Rolled, Sheared, Sawed or
Machined Edges, (Plate, Bar, Sheet
and Strip).




MILITARY
MIL-I-10
MIL-I-16923
MIL-C-21768
MIL-C-45662

MIL-F-14072
MIL-P-81728

STANDARDS (MILITARY)

Appendix 1

Insulating Materials, Electrical,
Ceramic, Class L.

Insulating Compound, Electrical,
Embedding.

Copper Alloy Numbers 210 (Gliding, 95%)
and 220 (Commercial Bronze, 90%)

Sheet and Strip.

Calibration System Requirements.

Finished for Ground Electronic Equipment.
Tin-Lead Plating.

MIL-STD-105
MIL-STD-202

MIL-STD-1285 - Marking of Electrical and Electronic

REQUIREMENTS

3.1 Specification Sheets. The individual item requirements

Sampling Procedures and Tables for
Inspection by Attributes.

Test Methods for Electronic and
Electrical Component Parts.

Parts.

shall be as specified herein and in accordance with
the applicable specification sheets. In the event
of any conflict between requirements of this
specification and the specification sheet, the
latter shall govern.

3.1.1 Fuses with ratings not covered by specification sheets.

This specification shall be applicable to fuses with
other fuse ratings provided the desired ratings fall
within the maximum and minimum current and voltage
ratings specified by the applicable specification
sheet. The qualified products list shall be applicable
to these fuses.

3.2 Qualification.

3.3 Material. The material for each part shall be as
specified herein.
is not specified, a material shall be used which will
enable the fuses to meet the performance requirements
of this specification. Acceptance or approval of any
constituent material shall not be construed as a
guarantee of the acceptance of the finished product.
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Fuses furnished under this specification
shall be products which are qualified for listing on

the applicable qualified products list at the time set
for opening of bids (see 4.5 and 6.3). |

However, when a definite material
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Restricted Material. Flammable or explosive material,
or material which can produce toxic or suffocating
fumes when the fuses are in service, shall not be used
in the construction of the fuses.

Case or Body.

Glass. When glass is used, it shall be of high
quality, free from strain, and sufficiently clear
to permit the enclosed fuse element to be readily
seen.

Plastic. Unless otherwise specified (see 3.1),
any plastic insulation may be used, except that
cotton base or cotton or cellulose filled molding
material shall not be used.

Ceramic. Ceramic insulation shall be grade L311 or
higher grade, in accordance with MIL-I-10.

Epoxy. Epoxy encapsulant compound shall conform
to type B of MIL-I-16923.

Current Carrying Parts (except fuse element).

Current carrying parts shall be of brass, copper,

or phosphor bronze conforming to QQ-B-613, or QQ-B-626,
QQ-C-576, QQ-B-750 and MIL-C-21768, respectively.

Non-Current Carrying Parts. All metal non-current
carrying parts shall be of corrosion resistant
material or of material adequately protected against
corrosion in accordance with MIL-F-14072.

Design and Construction. Fuses shall be of a design,
construction and physical dimensions as specified
(see 3.1).

Mounting. Unless otherwise specified (see 3.1) the
fuse shall be designed with lead type terminals.

Terminal Mounting. Terminals shall be secured to
the fuse body so that they shall not loosen. The
fuse wire shall be so attached that there shall be
no danger of breaking the fuse wire or connections
when installing the fuse. Terminals, other than

the ends to which the fusible elements are attached
and the leads, shall be free from solder.

Terminal Finish or Plating. Ferrules shall be
plated as specified (see 3.1). Leads shall be
tin-lead plated or coated as specified (3.1).
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Bright Alloy Plating. Minimum plating of bright
alloy shall be 5.66%08 inch thick. The plating
shall be of the following composition:

Copper - 50 to 60 percent

Tin - 25 to 28 percent
Zinc - 14 to 18 percent

Tin-Lead Plating or Coating. Tin-lead plating or
coating shall conform to MIL-P-81728.

Continuity. Fuses shall have electrical continuity
(see 4.7 %).

Burn-In. All fuses of a qualification or production
lot shall be subjected to the burn-in test. Any
fuses which open during the burn-in test shall be
discarded (see 3.1 and 4.7.4).

Resistance. All fuses of a qualification or production
lot shall be subjected to the resistance test. Any
fuses which do not meet the electrical resistance
specified shall be discarded (see 3.1 and 4.7.3).

Voltage Drop. Fuses shall have the voltage drop
specified (see 3.1 and 4.7.5).

Current-Carrying Capacity. Fuses shall show no
evidence of mechanical damage and shall carry 125%
of rated current without opening. The temperature

of the case, body or terminals shall not rise more
than 90°C above room ambient temperature (see 3.1 and
4.7.6).

Terminal Strength. Fuse terminals shall not become
damaged when subjected to the specified force (see
3.1 and 4.7.7).

Overload Interrupt. Fuses shall open the circuit
within the time limits specified (see 3.1) without
causing the case or body to char or fracture. The
circuit shall remain open without the circuit
closing again during the 1 minute period after
interrupt. Immediately after removal of the fuse,
and in no case not more than 1 minute after removal
of the fuse, the insulation resistance shall be as
specified in 3.12 (see 4.7.8).
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3.12 Insulation Resistance. The insulation resistance
after overload interrupt (see 3.11) and short circuit
(see 3.13) shall be at least 1/2 megohm (see 4.7.9).

3.13 Short Circuit. Fuses shall remain intact and shall
open the circuit. The fuses shall remain in the
energized circuit 1 minute without any indication
of the circuit closing again. Immediately after
removal of the fuse, and in no case not more than
1 minute after removal of the fuse, the insulation
resistance shall be as specified in 3.12 (see 4.7.10).

3.14 Vibration, High Frequency. There shall be no electrical
or mechanical damage to the fuse (see 4.7.11).

3.15 Shock. There shall be no electrical or mechanicai
damage to the fuse (see 4.7.12).

3.16 Salt Spray (corrosion). There shall be no evidence of
excessive corrosion. Excessive corrosion is defined
as that which interferes with the electrical or -
mechanical performance, or in the case of plated
metals, corrosion which has passed through the plating
and attacked the base metal. There shall be no b
warping, cracking, or other electrical or mechanical
damage to the fuse (see 4.7.13).

3.17 . Moisture Resistance. There shall be no cracking, )
peeling, loosening of terminals or evidence of 3
electrolytic corrosion (see 4.7.14).

3.18 Thermal Shock. The fuses shall show no mechanical or
electrical damage and there shall be no loosening of
the terminals or other parts (see 4.7.15).

3.19 Marking. Unless otherwise specified (see 3.1),
each fuse shall be marked in accordance with
Method 1 of MIL-STD-1285.

3.19.1 Ferrule and End Cap Marking. The fuse ferrules
shall be marked with the following: !

a. Part number
b. Manufacturer's name, trademark or code symbol.

[ORIP RS
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3.20 Workmanship. [Fuses shall be manufactured and processed
in such a manner as to be uniform in quality and shall
be free from loose terminals, cracked, or displaced
parts, sharp edges, burrs and other defects that will
affect life, serviceability or appearance.

3.20.1 Soldering. Soldering shall be such as to minimize
the spattering of solder and flux onto surrounding
surfaces. Only noncorrosive fluxes shall be used,
unless it can be shown that all corrosive products
have been satisfactorily removed or neutralized
after soldering. All soldered connections shall be
of such character and quality that the bonding between
the soldered items may be determined by visual
examination. There shall be no evidence of ''cold
soldering', and the use of excessive amounts of 3
solder will not be permitted.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise
specified in the contract, the contractor is i
responsible for the performance of all inspection
require’. ts as specified herein. Except as
otherwise specified in the contract, the contractor
may use his own or any other facilities suitable
for the performance of the inspection requirements
specified herein, unless disapproved by the Government.
The Government reserves the right to perform any of
the inspections set forth in the specification where
such inspections are deemed necessary to assure i
supplies and services conform to prescribed requirements.

4.1.1 Test equipment and inspection facilities. Test and
measuring equipment and inspection facilities of
sufficient accuracy, quality and quantity to permit
performance of the required inspection shall be 1
established and maintained by the contractor. The
establishment and maintenance of a calibration system :
to control the accuracy of the measuring and test . !
equipment shall be in accordance with MIL-C-45662.

4.2 Classification of inspection. The inspections
specified herein are classified as follows:

a. Materials inspection (see 4.3).
b. Qualification inspection (see 4.5). {,
c. Quality conformance inspection (see 4.6). |
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Materials inspection. Materials inspection shall
consist of certification supported by verifying
data that the materials listed in Table I, used in
fabricating the fuses, are in accordance with the
applicable referenced specifications or requirements
prior to such fabrication.

Inspection conditions. Unless otherwise specified
herein, all inspections shall be performed in
accordance with the test conditions specified in
the "GENERAL REQUIREMENTS" of MIL-STD-202.

TABLE I
MATERIALS INSPECTION

Requirement Applicable
Material Paragraph Specification
Plastic 3.3.2.2 --
Epoxy 3.3.2.3 MIL-1-16923
Brass 3.3.3 QQ-B-613
QQ-B-626
Copper 3.3.3 QQ-C-576
Copper Alloy 3.3.3 MIL-C-21768
Phosphor Bronze 3.3.3 QQ-B-750
Bri:-ht Alloy Plating 3.4.3.1 --
Tin-Lead Plating 3.4.3.2 MIL-P-81728

Qualification inspection. Qualification inspection
shall be performed at a laboratory acceptable to
the Government (sce 6.3) on sample units produced
with equipment and procedures normally used in
production.

Sample size. Unless otherwise specified (see 3.1),
the number of samples submitted for qualification
shall be 44 each of the maximum and minimum current
rating of each size shown in the specification sheet
for which qualification is desired and 24 each of all
other current ratings which fall between the maximum
and minimum ratings. All the maximum and minimum
ratings shall be subjected to the tests of Group I,
Table I1 and then apportioned as indicated for tte
remaining test groups. The other ratings shall be
subjected to Group I and Group II of Table II.
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4.5.2

4.5.3

4.5.4

5
4
%
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Inspection routine. The sample shall be subjected
to the qualification inspection shown in Table II,
in the order shown. All sample units shall be
subjected to the inspection of Group I. The sample
shall then be divided as specified in Table II for
Groups II to VI inclusive.

Failures. One or more failures shall be cause for
refusal to grant qualification approval.

Retention of qualification. To retain qualification,

the manufacturer shall forward a report at 12-month

intervals to the qualifying activity. The qualifying

activity shall establish the initial reporting date.
The report shall consist of:

a. A summary of the results of the tests performed

for inspection of product for delivery,
(Groups A and B), indicating as a minimum
the number of lots that have passed and the
number that have failed. The results of

tests of all reworked lots shall be identified

and accounted for.
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TABLE T1
QUALIFICATION INSPECTION SEQUENCE

Requirement
Inspection Paragraph
Group I (all samples)
Burn-in---eemooeomme oL 3.6
Resistance-----cmcocmeu o ___ 3.7
Visual and mechanical examination- 3.4, 3.19, 3.20
Voltage drop-------ecccmcoo 3.8
Current-carrying capacity------ 3.9

Group 1I (see 3.1)
(24 sample units/current rating
at maximum voltage rating)
Terminal strength-------_-_____ 10

3
Overload interrupt------------- 3.11
Insulatiocn resistance------__ 3.12

Group III (see 3.1)
(8 sample units/current rating)

Short circuit--c-cccwcaeomooo . 3.13
Insulation resistance------._ 3.12
Group IV
(4 sample units/current rating)

Vibration, high frequency------ 3.14
Continuity------coccemceaanaao 3.5
Shock----cccmmmmi o 3.15
Continuity-----=--vcecceacu--o 3.5

Group V
(4 sample units/current rating)
Salt spray (corrosion)--------- 3.16
Overload interrupt (at room ambient
temperature and maximum voltage
rating)-------=-=-ccccoc--- 3.11
Insulation resistance-------- 3.12
Group VI
(4 sample units/current rating)
Moisture resistance-----c-_—--__ 3.17
Thermal shock-----ceccomeaao. 3.18
Current carrying capacity (at room
ambient temperature)--------- 3.9
Overload interrupt (at room ambient
temperature and maximum voltage
rating)------c-ccmccmmea oo 3.11
Insulation resistance-------- 3.12

Appendix |
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4.6
4.6.1

4.6.1.1

4.6.1.2

Appendix I

b. A summary of the results of tests performed
for periodic inspection, (Group C), including
"he number and mode of failures. The summary
shall include results of all periodic
inspection tests performed and completed
during the 12-month period. If the summary
of the test resu' .ts indicates nonconformance
with specification requirements, and corrective
action acceptable to the qualifying activity
has not been taken, action may be taken to
remove the failing product from the qualified
products list.

Failure to submit the report within 30 days after the
end of each 24-month period may result in loss of
qualification for the product. In addition to the
periodic submission of inspection data, the contractor
shall immediately ncotify the qualifying activity at

any time during the 12-month period that the inspection
data indicates failure of the qualified product to

meet the requirements of this specification.

In the event that no production occurred during the
reporting period, a report shall be submitted certifying
that the company still has the capabilities and
facilities necessary to produce the item. If during

two consecutive reporting periods there has been no
production, the manufacturer may be required, at the
discretion of the qualifying activity, to submit a
representative product of each style, voltage rating,
and current rating to testing in accordance with the
qualification inspection requirements.

Quality conformance inspection.

Inspection of product for delivery. Inspection of
product for delivery shall consist of Groups A and B.

Inspection lot. An inspection lot shall consist of

all fuses of the same style and current rating produced
under essentially the same conditions, and offered for
inspection at one time.

Group A inspection. Group A inspection shall consist
of the inspections specified in Table III.
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4.6.1.2.1

4.6.1.2.2

Samplin lan. Statistical sampling and inspection
shaEI be in accordance with MIL-STD-105 for general
inspection level 11, except the burn-in test and
resistance test shall be performed on 100% of the
produvction lot. The acceptable quality level (AQL)
shall be as shown in Table III. Major and minor
defects shall be as defined in Table IV.

Rejected lots. If an inspection lot is rejected, the
contractor may rework it to correct the delects, or
screen out the defective units, and resubmit for
reinspection. Resubmitted lots shall be inspected
using tightened inspection. Such lots shall be
separate from new lots, and shall be clearly identified
as reinspected lots.

TABLE III

GROUP A INSPECTION

Test
Requirement  Method AQL (percent-defective)

Inspection Paragraph Paragraph Major Minor

- Burn-in
Resistance
Visual and me
examination

L. e t— . -

3.6 4.7.4 -- -
3.7 4.7.3 -- ~-

chanical
3.4, 3.19.3, 3.20 4.7.1 2.5 4
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TABLE IV

MAJOR AND MINOR DEFECTS

Categories
Major
1 Material not as specified (scee Table I).
2 Ferrule and terminal mounting not as specified (see 3.4.2).
3 Terminal finish not as specified (see 3.4.3).
4 Fuse coes not have continuity (see 3.5).
5 Broken glass or insulating material (see 3.11 and 3.13
through 3.18).
6 Marking - Incorrect part number (see 3.19).
7 Dimensions out of tolerance.
Minor
10 Illegible or improperly located markings (see 3.19).
11 Minor cuts, scratches, burrs and nicks not impairing function.
12 Incomplete removal of soldering flux residue.
13 Other evidence of poor workmanship not affecting the function
of the fuse.
4.6.1.3 Group B inspection. Group B inspection shall consist

of the inspections specified in Table V, in the order
shown, and the sample shall be selected from inspection
lots that have passed the Group A inspection.

4.6.1.3.1 Sampling plan. The sampling plan shall be in accordance
with MIL-STD-105 for special inspection level S-4,
The sample size shall be based on the inspection lot
size from which the sample was selected for Group A
inspection. The AQL shall be 2.5 percent defective.

4.6.1.3.2 Rejected lots. 1If an inspection lot is rejected, the t
contractor may rework it to correct the defects, or
screen out the defective units, and resubmit for
reinspection. Resubmitted lots shall be inspected .
using tightened inspection. Such lots shall be
separate from new lots, and shall be clearly identified t
as reinspected lots.

4.6.1.3.3 Disposition of sample units. Sample units which have
been subjected to Group B inspection shall not be
delivered on the contract.

sy dar e B
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TABLE V

GROUP B INSPECTION

Test
Requirement Method
Inspection Paragraph Paragraph
Current-carrying capacity (at room ambient

LemMPeratuUre) =~ --- - mmc oo oo e e oo 3.9 4.7.6

1 Terminal strength------------ccccmeo oo 3.10 4.7.7
(verload interrupt (at room ambient temperature)- 3.11 4.7.8

Insulation resistance------------------—-~----—- 3.12 4.7.9

4.6.2 Periodic inspection. Periodic inspection shall consist

of Group C. Except where the results of these inspections
show noncompliance with the applicable requirements

(see 4.6.2.1.4), delivery of products which have passed
Group A and B shall not be delayed pending the results

of these periodic inspections.

of the inspections specified in Table VI, in the

- order shown for each subgroup. Group C inspection
shall be made on sample units selected from inspection \
lots which have passed the Groups A and B inspection, 1
unless the Government considers it more practical to !
select a sample from current production. A
manufacturer's normal quality control tests, production
tests, environmental tests, and so forth, may be
used to fulfill all or part of Group C inspection;
however, all of Group C inspection shall be completed
as specified.

4.6.2.1 Group C inspection. Group C inspection shall consist A,

4.6.2.1.1 Sampling plan. Unless otherwise specified (see 3.1)
the number of samples submitted for Group C inspection
shall be 44 each of the maximum and minimum current
rating of each size shown in the specification sheet,
and 24 each of all other current ratings which fall
between the maximum and minimum ratings. The in between
rating shall be subjected to Subgroup 2, Table VI.
Sample units shall be selected 24 months after the date
of notification of qualification and after each
subsequent 48 month period. The sample units shall
be subdivided into subgroups shown in Table VI. When
production of a particular type of fuse has been
suspended for 24 months or more, sample units shall
be selected from the first lot of the new production
presented for acceptance, and after each subsequent
24-month period.

.t v
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4.6.2.1.2

4.6.2.1.3

4.6.2.1.4

Appendix 1

Failures. If one or more sample units fail to pass
Group C inspection, the sample shall be considered
to have failed.

Disposition of sample units. Sample units which have
been subjected to Group C inspection shall not be
delivered on the contract.

Noncompliance. If a sample fails to pass Group C
inspection, the manufacturer shall notify the
qualifying activity and the cognizant inspection
activity of such failure and take corrective action

on the materials or processes, or both, as warranted,
and on all units of product which can be corrected

and which were manufactured under essentially the

same conditions with essentially the same materials,
processes, etc., and which are ccnsidered subject to
the same failure. Acceptance and shipment of the
product shall be discontinued until corrective

action, acceptable to the qualifying activity, has

been taken. After the corrective action has been taken,
Group C inspection shall be repeated on additional
sample units (all inspection, or the inspection which
the original sample failed, at the option of the
qualifying activity). Group A and B inspection may

be reinstituted; however, final acceptance and shipment
shall be withheld until the Group C inspection has
shown that the corrective action was successful.

In the event of failure after reinspection, information
concerning the faiiure shall be furnished to the
cognizant inspection activity and the qualifying
activity.
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TABLE VI

GROUP C INSPECTION

Test
Requirement Method
Inspection Paragraph Paragraph
Subgroup 1
(8 sample units/current rating at
maximum voltage rating)
Short circuit----------cccecoun-- 3.13 4.7.10
Insulation resistance------------ 3.12 4.7.9
Subgroup 2
(24 sample units/current rating at
maximum voltage rating)
Terminal strength----- e e 3.10 4.7.7 }
Overload interrupt----------------- 3.11 4.7.8
Insulation resistance------------ 3.12 4.7.9 l
Subgroup 3 |
e (4 sample units/current rating) 1
Vibration, high frequency---------- 3.14 4.7.11
Continuity-------~---------ccm-m- 3.5 4.7.2
Shock---=-=cccccmrmccmer e e ccc o 3.15 4.7.12
Continuity--------ccmccccccvom-- 3.5 4.7.2
Subgroup 4
3 (4 sample units/current rating)
H
Salt spray (corrosion)------------- 3.16 4.7.13
Overload interrupt (at room ambient
temperature and maximum voltage
rating)---------=-m~---c-cco-o-- 3.11 4.7.8 {
Insulation resistance------------ 3.12 4.7.9
Subgroup 5
(4 sample units/cu—-rent rating) ,
Moisture resistance-----------v---- 3.17 4.7.14
Thermal shock--------cccmwceconan- 3.18 4.7.15
Current-carrying capacity (at room
ambient temperature)------------- 3.9 4.7.6
189
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Mcethod of Examination and Test.

Visual and Mechanical Examination. Fuses shall be
examined to verify that the materials, design, and
construction, physical dimensions, marking and

workmanship are in accordance with the applicable
requirements (see 3.1 through 3.4, 3.19 and 3.20).

Continuity (see 3.5). Continuity of each fuse shall
be determined by use of a low voltage ohmmeter or
other suitable method.

Resistance (see 3.7). Resistance shall be measured
with a Wheatstone bridge, Kelvin bridge, or equivalent
sensitive instrument. Measurements shall be taken

at room ambient temperature and as close to the fuse
element as practicable. The bridge current shall not
exceed 10 percent of rated fuse current.

Burn-In (see 3.6). Fuses shall be subjected to an

AC current at any convenient voltage or frequency

at 100% of rated curyent for 1 hour (minimum) at

room ambient (25° +5 ¢y temperature. Fuses shall be
_590)

mounted in a fuseholder as specified (see 3.1). When
two or more fuses are tested in series, the fuseholders
shall be located so that there will be a spacing of

not less than 6 inches between any two fuses under
test. The wire connecting the fuseholders together,
and connecting the fuseholders to the ammeter and the
source of supply, shall be size 8 and shall be in
accordance with J-C-30. The length of wire between
fuseholders shall be 2 feet +1 inch.

Voltape Drop (see 3.8). Voltage drop shall be measured
using a DC voltmeter having a minimum input impedance
of 11 megohms with measurements taken at room ambient
temperature and as ciose to the fuse element as
practicable. The voitage drop shall be measured after
the fuse has been subjected to rated current for not
less than 5 minutes.
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4.7.6 Current-Carrying Capacity (see 3.9). Fuses shall be
subjected to an AC current (400 Hz) and any convenient
voltage at 125 percent of rated current. The samples
shall be apportioned and submitted to the test
temperatures shown, except the qualification (Group VI).
Group B and Group C (subgroup 5) tests shall be run
at room ambient.

o
1 -55° *doc
o
2) +25°C fgoC (Room ambient temperature)
o
3) +85°C *2ocC

The current shall be maintained for 30 minutes after
the temperature of each fuse has stabilized, but
shall be applied for not less than 1-1/2 hours. It
may be assumed that the temperature has stabilized
when three consecutive temperature readings taken

at 10 minute intervals show no rise in temperature.
Fuses shall be mounted in a fuseholder as specified %s

(see 3.1). When two or mcre fuses are tested in
— series, the fuseholders shall be located so that

ther> will be a spacing of not less than 6 inches 1

between any two fuses under test. The wire connecting -

the fuseholders together and connecting the fuseholders

to the ammeter and the source of supply, shall be

size 8 and shall be in accordance with J-C-30. The

length of wire between fuseholders shall be 2 feet,

+ 1 inch. The temperature of the fuse case or body

and of the terminals shall be measured by thermocouples

(wire size 28 to 32 AWG).

4.7.7 Terminal Strength (see 3.10). Unless otherwise
specified, terminals shall be tested in accordance
with method 211, test condition A of MIL-STD-202.
Forces shall be applied to the lead type terminals ‘
as follows: ?

1. Along terminal axis. (3 pound force) i
2. Perpendicular to terminal axis. (3 pound force). ‘
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4.7.8 Overload Interrupt (see 3.11). Fuses shall be
subjected to the percentage of rated current and
voltage specified (see 3.1). The sample fuses

shall be apportioned and submitted to the test
temperatures shown, except the nualification

(Groups V and VI), Group B and Group C (Subgroup 4)
tests shall be run at room ambient.

o]
1) -55°C TS0

o
2) +25°¢C fgoC (Room amb .+ temperature)

o

3) +85°C T2ocC
The fuses shall be maintaii :« it the test temperature
for a minimum of 30 minutes, prior to the actual
application of the test current. The power supply
shall be an AC source 60 Hz or 400 Hz and have an
open circuit R.M.S. voltage of not less than that of
the specified voltage rating of the fuse under test,
except for Group B test, the power supply may be of
any value which is not less than 6 volts. The fuses
shall be left in the circuit for 1 minute after
blowing without any indication of the circuit reclosing,
and insulation resistance readings shall be taken
within 1 minute following the removal of the test
voltage. Opening time measurements shall be made
with an oscillograph for periods shorter than 1 second;
a synchronous timer may be used for measurements
longer than 1 second; a stop watch is suitable for
measurements of longer than 10 seconds. Following
the test, insulation resistance shall be measured as
specified in 4.7.9.

4.7.9 Insulation Resistance (see 3.12). Fuses shall be
tested after overload interrupt (see 3.11) and
short circui. (see 3.13) in accordance with method 302
of MIL-STD-202. The following details shall apply:

a. Test condition - A.
b. Points of measurement - Between terminals.
c. Following the test, fuses shall be examined




4.7.10

4.7.11

4.7.12

P T -
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Short Circuit (see 3.13). Fuses shall be apportioned
and subjected to the tests at the current, frequency
and voltage specified (see 3.1). The direct current

tests shall be made using appropriate generating
equipment for a source of power and witn the rate

of current rise for the test circuit adjusted for

at least 3.25 x 106 amperes per seconds. The alternatin
current tests shall be applied within + 107 of zero
point of the voltage wave and the circuit power facror
shall be 0.85 to 0.95. Short circuit currents shall

be determined by means of an oscillograph. Test
circuits shall be calibrated for the specified

current with thc applicable fuseholder (see 3.1)
short-circuited. Following the test, insulation
resistance shall be measured as specified in 4.7.9.

Vibration, Hi h _Frequen (GQG 3.14). The fuse
) aIT—B#MEEB]ectea_to E

with method 204 of MIL-STD-202. The follow1ng
details shall apply:

a. Mounting - In applicable fuseholder (see 3 1).

b. Test condition - C.

c. One-half of the sample units shall be tested
while carrying 100 percent of rated current
at eny convenient voltage and frequency and
the balance tested with no current. All
sample units shall be tested for continuity
as specified in 4.7.2 at the end of the test

Shock (see 3.15). Fuses shall be tested in accordance
with method 213 of MIL-STD-202. The following details
and exceptions shall apply:

a. Mounting method and accessories - Fuses shall
be mounted in or on applicable fuseholders
(see 3.1).

b. Test condition - I, unless otherwise specified
(see 3.1). ,

c. Measurements before and after test - One-half

of the sample units shall be tested while

carrying 100 percent of rated current at any

convenient voltage and frequency (sec 3.1),

and the remalnder w1th no current All fuses
p g,
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] 4.7.13

4.7.14

4.7.15

Appc

Salt Spray (corrosion) (see 3.16) Fuses sha

be tested in accordance with method 101 of
MIL-STD-202. The following details shall app

a. 5S-percent salt solution

b. Test condition - B.

c Following the drying period, the fuses
shall be subjected to 100 percent of
rated current for 1 hour.

d. Following the test, fuses shall be
examined for compliance with 3.16.

Moisture Resistance (see 3.17). Fuses shall
tested in accordance with method 106 of MIL-S
The following details and exceptions shall ap

a. Mounting - Normal mounting means on a
noncorrosive metal panel positioned 15
degrees from the vertical with the
terminal down.

b. Polarized voltage shall be 100 volts D
c. Steps 7A and 7B are not applicable.
d. Following the test, the fuses shall be

examined for compliance with 3.17.

Thermal Shock (see 3.18). The fuses shall be
subjected to thermal shock tests in accordanc
with method 107 of MIL-STD-202. The followin
details shall apply:

a. Test condition - A.
b. Examination after test - Fuses shall b
examined for compliance with 3.18.
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5. PACKAGING (. . Be Determined)

6. NOTES
6.1

Intended Use. The primary applications for these
aircraft fuses are AC (400 Hz) circuits up to

240 R.M.S. volts, and 28VDC circuits. Most test
requirements in this specification specify 400 Hz
sources in order to simulate actual applications
However, the overload interrupt test offers the
option of a 60 or 400 Hz source, and the AC short
circuit test is performed at 60 Hz. Testing at

60 Hz is included for overload interrupt tests

due to the limited availability of full voltage
400 Hz test sources with steady state current
capabilities above 200 amperes. Short circuit
tests are specified at 60 Hz since no 240V, 400 Hz
source is available which is capable of sustaining
full voltage du-ing the test. Additional informat
on this subject is contained in the reports of
Air Force Contract F33615-81-C-2052, Project 3145-

Ordering Data. To be determined.

Qualification. To be determined.




Appendix I
STANDARD SHEET 1
Page 1 of 2

SOLID STATE POWER CONTROLLER (SSPC) FUSE

1.400 max. ™
- r-v .250 + .004 Dia.
; Tube U N %7§ On Ferrule
' Ferrule ~”“““T" ’
. .230"
Max
. 1.50u‘
Min. ] L Lead
” bl
- L
NOTE: =i~ .025 + .002 Dia.
Dimensions are in inches.
REQUIREMENTS::
Applicable Fuseholders: Grayhill screw type
binding post #29-3 (or equivalent) 2 per fuse
required.
Terminals:
Material - Fuse ferrules - brass
~ Leads - copper
Finish - Fuse Ferrules - Bright Alloy Plating
- Leads - Tin-Lead Plating
Body:
Plastic, or ceramic tube.
TABLE I ELECTRICAL RATINGS
! Current Short Circuit Cold ResistanceVoltage Drop
j Part No. Rating I Interrupt (Ohms) |  (Volts)
~ (Amperes) 28V DC | *25QV_AC Min. Max . Min. Max. °
o 60 Hz DU S
MAXXXX/1-2A 2 200A 10,000A | .0759 i .0350 ' .150  .25C
MXXXXX/1-5A L 5 200A 10,000Aa | .0175 .0250 .110 | 1690

¥

AC short circuit tests are performed at 60 Hz (see 6.1).

196




STANDAKD SHEET 1 | 4
Page 2 of 2 |4

Appendix 1

OVERLOAD INTERRUPT TIME

Percent of Clearing Time
Rated Current (Seconds)
(3% - 0%) Minimum Maximum
[
200 2.70 »100.0
400 .550 6.90
1000 .130 1.05
3000 .035 .19

Samples for qualification and Group C testing:

44 each (2A and 5A ratings)

-—e

- —
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SOLID STATE POWER CONTROLLER (SSPC) FUSE

STANDARD SHERT
Page 1 of 2

11

Appendix I

- 1,700 Max. ~'
- [ ~ = .406 + .004 Dia.
. i On Ferrule
Tube / [X.! -~[—'“*| o
. | \
,_l___,, - }' I PN )‘ ”
Ferrule J 400 1 J ”
Max. 1.50" :
! Min. [] i« Lead
[‘ ' i '[
l Vol \
NOTE : 1 7-1/2 - 15A
ﬁ“\ .051 + .002 Dia.
Dimensions are in inches. Lzo - 30A
.064 + .002 Dia.
REQUIREMENTS: - :
Applicable Fuseholders: Grayhill screw type binding
post #29-3 (or equivalent) 2 per fuse required.
Terminals:
Material - Fuse Ferrules - Brass
- Leads - Copper
Finish - Fuse Ferrules - Bright Alloy Plating
- Leads - Tin-Lead Plating
Body :
Plastic, or ceramic tube.
TABLE I ELECTRICAL RATINGS j
[ Current Short Circuit Cold Resistance Voltage Drory
Part No. Rating Interrupt ~__ (Ohms) L . (Volts) _
(Amperes) [ 28V DC *258V AC . Min. | Max. Min. . Max.
— _ 60 Hz 1
MXXXXX/2-7%A 7-1/2 200A 7.5004A 0110 | .0160 .100; . 169
MXXXXX/2-10A 10 200A 7,500A .00800, .09980 .090f .140
MXXXXX/2-15A 15 200A 7,5004 .00450; .00579 .080 .139
MXXXXX/2-20A 20 200A 7,500A .00300|.00400 .060 .110
MXXXXX/2-30A 30 200A 7,500A '0016QL;00220 .050] .100 |

kL3

AC short circuit tests are performed at 60 Hz (see 6.1).
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STANDARD SHEET 11

Page 2 of 2
Appendix 1
OVERLOAD INTERRUPT TIME
Percent of Clearing Time
Rated Current (Seconds)
(+3% - 0%) Minimum Maximum
200 2.70 >100.0
400 .550 6.90
1000 .130 1.05
3000 .035 .19

Samples for qualification and Group C testing:

44 each (7-1/2A and 30A ratings)
24 each (10A, 15A and 20A ratings)
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SSPC FUSE DEVELOPMENT PROGRAM

FINAL TECHNICAL REPORT

CONTRACT NUMBER F33615-81-C-2052
PROJECT NUMBER 3145-2964

APPENDIX J

QUALIFICATION TEST DATA

BUSSMANN DIVISION
MCGRAW-EDISON CORPORATION
P.0. BOX 14460
ST. LOUIS, MC. 63178
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Appendix J

QUALTIFICATION TESTS

BUSS SPC FUSES

FINAL SSPC FUSE DESIGN SPECIFICATION (12-31-82)

DATE :

MANUFACTURER:

AUTHORIZATION:

TESTING LABORATORIES:

SUBMITTED BY:

/ . , -
‘L._AQ‘L- . A_:LAA-. écr;’f 2 ! ' A

APPROVAL INFORMATION

FEBRUARY 28, 1983

BUSSMANN DIVISION
MCGRAW-EDISON COMPANY
P.0. BOX 14460

ST. LOUIS, MO. 63178

CONTRACT NO. F33615-81-C-2052
PROJECT NO. 3145-2964

LETTER - AFWAL/POOS-2 (J. WEIMER/56241)
01-07-83

BUSSMANN DIVISION
MCGRAW-EDISON COMPANY
P.O0. BOX 14460

ST. LOUIS, MO. "63178

APPROVED BY:

-
-

VERNON SPAUNGGRST
DESIGN ENGINEER

WALTER CURTIS
ENGINEERING MANAGER,
SMALL DIMENSION
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QUALIFICATION TESTS

%

SPECIFICATION PARAGRAPHS AND TEST PARAGRAPHS

Test
Requirement Method
Inspection _Paragraph Paragraph
Group 1
Burn-in-----------c-ceccmo- 3.6 4.7.4
Resistance-------=--cceccccacanea- 3.7 4.7.3
Visual and mechanical examination 3.4, 3.19, 3.20 4.7.1
Voltage drop--------~------cco--- 3.8 4.7.5
Current-carrying capacity-------- 3.9 4.7.6
Group II
Terminal strength---------------- 3.10 4.7.7
Overload interrupt--------------- 3.11 4.7.8
Insulation resistance---------- 3.12 4.7.9
Group III
Short circuit-~=---=ccecccaaaa-—- 3.13 4.7.10 Ti
Insulation resistance---------- 3.12 4.7.9
Group 1V i
- Vibration, high frequency--~------ 3.14, 4.7.11
Continuity=-=-=-~-===-2-=2=---- 3.5 4.7.2 1
Shock-~-~-=-~csmmmemcmcncm e 3.15 4.7.12
Continuity----=---«-ccecaceo-- 3.5 4.7.2
Group V
Salt spray (corrosion)----~----~-- 3.16 4.7.13
Overload interrupt (at room ambient
temperature and maximum voltage
rating)---------c-vvmecscnoan 3.11 4.7.8
Insulation resistance-~-~------ 3.12 4.7.9
Group VI K
Moisture resistance-------~-c----- 3.17 4.7.14 :{
Thermal shock---------ccconcouaoas 3.18 4.7.15 ’
Current carrying capacity (at room
ambient temperature)----~---~-- 3.9 4.7.6
Overload interrupt (at room ambient
temperature and maximum voltage
rating)--------c-c-cccmceconn 3.11 4.7.8
Insulation resistance---------- 3.12 4.7.9




SUMMARY OF QUALIFICATION TEST RESULTS

Tests performed per "Final SSPC Fuse Design Specification"

dated 12-31-82.

Group 1

10A, 15A & 20A)

Burn-1In

Resistance

Visual And Mechanical
Examination

Voltage Drop

Current Carrying
Capacity

Group II (24 samples

Terminal Strength
Overload Interrupt

Insulation Resistance

Group III (8 samples

Short Circuit

Insulation Resistance

Accept
Reject

Accept
Reject

Accept
Reject

(44 samples each 24,

Accept

Reject

Accept

Reject

Appendix

5A, 7-1/2A & 30A/24 samples each

of each ampere rating)

Accept
Reject

Accept
Reject

Accept
Reject

of each

Accept
Reject

Accept
Reject

2A SA 7-1/2A 10A 15A 20A 30A
v v v v v v v
v v v vV Vv
S L

v v LSV
v v v v /S Vs
2A 5A 7-1/2A 10A 15A 20A 30A
v v v v v Vv
v v/ v v v v
v v v S

ampere rating)
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Group IV (4 samples of each ampere rating)

20 5A 7-1/2A  30A

Vibration Accept vV v’
Reject

Continuity Accept v’
Reject

v’
v

v’ v

Shock Accept Vv VvV V.

Reject

Continuity Accept v v v
Reject

Group V (4 samples of each ampere rating)

2A 5A 7-1/2A 30A

Salt Spray Accept v V v’ v
Reject

Overload Interrupt Accept v v v
Reject

Insulation Resistance Accept L g v
- Reject

Group VI (4 samples of each ampere rating)
2A 5A 7-1/2A 30A

Moisture Resistance Accept v v v v_
Reject
Thermal Shock Accept v Vv~ v’ v’
Reject
Current Carrying Accept v~ Vv v’ v’ .
Capacity Reject {
Overload Interrupt Agéept vV v L
Reject
1
. Insulation Rcsistance Accept v VY v —

Reject




Reference: (a)

(b)

(c)
(d)

Enclosure: (1)

(2)

1. Authority:

2. Purpose:

3. Description

Appendix J

REPORT OF QUALIFICATION TESTS
SSPC FUSE

Submitted by:
Bussmann Division
McGraw-Edison Company

P.0O. Box 14460
St.Louis, Mo. 63178

Contract No. F33615-81-C-2052
Project No. 3145-2964

Authorization Letter - AFWAL/P0O0S-2 (J.Weimer/56241)
01-07-83

Final SSPC Fuse Design Specification dated 12-31-82.
Military Standard 202F of 29 January 1981.

Tabulated test results of tests run at Bussmann
Division.

Test results of tests run at Environ Laboratories,
Minneapolis, Minn.

Reference (a) and (b).

The purpose of this investigation was to run
qualification tests on Buss SPC fuses.

of material:

Buss SPC 2A 44 Samples No. 1 - 44
Buss SPC 5A 44 Samples No. 1 - 44
Buss SPC 7%A 44 Samples No. 1 - 44
Buss SPC 10A 24 Samples No. 1 - 24
Buss SPC 15A 24 Samples No. 1 - 24
Buss SPC 20A 24 Samples No. 1 - 24
Buss SPC 30A 44 Samples No. 1 - 44

4. Method of tests:

All qualification tests were run in accordance
with the '"Final SSPC Fuse Design Specification"
dated 12-31-82.
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Test Group

Appendix o

NUMBER OF TEST SAMPLES REQUIPED
2A S5A 7-1/2A 10A 15A 20A 30A

44 44 44 24 24 24 A
24 24 24 24 2! 24 24
8 8 8 0 J 0 8
4 4 4 0 0 0 4
4 4 4 0 0 0 4
4 4 4 0 0 0 4

The following tests were conducted at the
Bussmann Division:

Group 1 - Burn-In
Resistance
Visual and Mechanical Examination
Voltage Drop
Current-Carrying Capacity

Group II - Terminal Strength
Overload Interrupt
Insulation Resistance

Group III - Short Circuit
Insulation Resistance

Group V - Overload Interrupt
Insulation Resistance

Group VI Current Carrying Capacity
Overload Interrupt

Insulation Resistance

The following tests were conducted at Environ
Laboratories, Minneapolis, Minn.

Group IV - Vibration
Continuity
Shock
Continuity

Group V - Salt Spray

Group VI - Moisture Resistance

M e a1 Clam 1.
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A
Enclosure (1)
g SSPC FUSE QUALIFICATION TESTS
: BUSS SPC FUSES
Final SSPC Fuse Design Specification (12-31-83)
Group I
' 1. Burn-1n
Requirement Paragraph 3.6, Test Paragraph 4.7 .4.
"y - - |
No. uf Fuse | _ Results
Fuses Type Lc_c:.r\pt 7 Reject i Comme
44 Buss SPC 2A v
44 |Buss SPC 5A v
44  |Buss SPC 7%A v
24 Buss SPC 10A V.
24 Buss SPC 15A N
24  |Buss SPC 20A v
44 |Buss SPC 30A v

2. Resistance

Requirement Paragraph 3.7, Test Paragraph 4.7.3.




Ap!

Group 1
3. Visual and Mechanical Examination

Requirement Paragrabh 3.4, 3.19, 3.20, Test Paragraph 4.

I

No. Of Fuse Resulitsg ~I o
Fuses l' Type Accept | Reject ! (Ei)m..mnt
On THE 723‘.301
44 Buss SPC 2A v
44 Buss SPC 5A v Av0 Fuvp CAP
44 Buss SPC 7%A v Buamk. Swourp
24 Buss SPC 10A v~ Bepn STamPey
24 Buss SPC 15A v
24 Buss SPC 20A v’
44 Buss SPC 30A v 1 N
4. Voltage Drop

Requirement Paragraph 3.8, Test Paragraph 4.7.5.

No. NE Fuse Results .
Fuses Type TAccept | Reject Comment

44 Buss SPC 2A "

44 Buss SPC 5A e

44 Buss SPC 7%A Ve

24 Buss SPC 10A v~

24 Buss SPC 15A v

24 Buss SPC 20A v~

Lh Rnase SPC 1NA e



- w—r— P — -
’ F
Appendix
Group I
5. Current Carrying Capacity
Requirement Paragraph 3.9, Test Paragraph 4.7.6.
T Tt T ! b
No. Of Fuse l_____Results | .
Fuses Type Accept | Reject | Comments
44 Buss SPC 2A v y
44 Buss SPC 5A v ]
44 Buss SPC 7%A v »
24 Buss SPC 10A Ve
24 Buss SPC 15A v’
24 Buss SPC 20A v’ .
44 Buss SPC 30A v~ i
Group 1II
1. Terminal Strength
Requirement Paragraph 3.10, Test Paragraph 4.7.7.
{
No. ui Fuse ____“”Bgﬁgygﬁ_mnn_”4 . o
Fuses Type Accept | Reject ! Comments

24 Buss SPC 2A

24 Buss SPC 5A

24 Buss SPC 7%A
24 Buss SPC 10A
24 Buss SPC 15A
24 Buss SPC 20A
24 Buss SPC 30A

OSSN
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Group 11

2. Overload Interrupt

Requirement Paragraph 3.11, Test Paragraph 4.7.8.

Appendix J

ar

Bhine ~gliniint ARNRERAMENEET Y NUEy

Jo. Of Fuse Results ] Comments
Fuses Type Accept Reject
24 Buss SPC 2A v
24 Buss SPC 5A v
24 Buss SPC 7%A v
24 Buss SPC 10A 7
24 Buss SPC 15A (v
24 Buss SPC 20A v’
24 Buss SPC 30A v
3. Insulation Resistance
Requirement Paragraph 3.12, Test Paragraph 4.7.9.
Jo. Of Fuse Results |
Fuses Type Accept Reject Comments
24 Buss SPC 2A v
24 Buss SPC 5A v
24 Buss SPC 7%A v’
24 Buss SPC 10A v
24 Buss SPC 15A v~
24 Buss SPC 20A v
24 Buss SPC 30A W
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Appendix ]
]
Greup III
1. Short Circuit Test
Requirement Paragraph 3.13, Test Paragraph 4.7.10.
F&é.w1;f Fuse Results ~_§
Fuses __Type Accept Reject Comments 3
8 Buss SPC 2A v 7Y 30 A Sames
8 Buss SPC 5A v }
8 Buss SPC 7%A o were TesTEd A r

Peo VED

2. Insulation Resistance

/}ccefrtwus.

Fuses Tnar Hao Braw Exrosep Te Uidrariaw + Swock
Tests (Weere Adso Exposep T, DC STreoer Ciecorr
Tests Consisrmve Of oo A Ar- (O V.

AL Fuses

Requirement Paragraph 3.12, Test Paragraph 4.7.9.

do. Of Fuse Recults ]
Fuses Type Accept Rejcct | Comments
3 Buss SPC 2A v
8 Buss SPC 5A v
8 Buss SPC 7%A v~
3 Buss SPC 30A v
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r Appendix J
Group V
1. Overload Interrupt
Requirement Paragraph 3.1]1, Test Paragraph 4.7.8.
No. Of Fuse Results |
Fuses Type Accept Reject Comments ]
4 Buss SPC 2A v l
4 Buss SPC 5A v ]
4 Buss SPC 7%A v
4 Buss SPC 30A v ri
Iy

2. Insulation Resistance

Requirement Paragraph 3.12, Test Paragraph 4.7.9. b

Jdo. Of Fuse Results
Fuses Type Accept Reject Comments |
4 Buss SPC 2A v
4 Buss SPC 5A v
4 Buss SPC 7%A v
4 Buss SPC 30A v
4

213




Group VI

P m—

1. Current Carrying Capacity

Requirement Paragraph 3.9, Test Paragraph 4.7.6.

Apnendix J

[ - T
Jo. Of Fuse _Results s
Fuses Tygg T_Accept Reject Comment s
4 Buss SPC 2A v’
4 Buss SPC 5A v’
4 Buss SPC 7%A v
4 Buss SPC 30A v
2. Overload Interrupt
Requirement Paragraph 3.11, Test Paragraph 4.7.8.
Jo. Of Fuse Results ]
Mises Type Accept Keject Comments
4 Buss SPC 2A v
4 Buss SPC 5A v
4 Buss SPC 7%A u/
4 Buss SPC 30A o




t _ Appendix )

. Group VI
3. Insulation Resistance

Requirement Paragraph 3.12, Test Paragraph 4.7.9.

No. Of Fuse Results .
H Fuses Type Accept Reject Comment s
4 Buss SPC 2A v
4 Buss SPC 5A v
4 Buss SPC 7%A e
4 Buss SPC 30A (P
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Appendix )

LABORATORY REPOR

Bussmamn Division - McGraw-Edison Company
St.louis, Mo. 63178

No.

Subject Group I (Burn-In/Resistance/Voltage Drop)

Fuse Type - Buss SPC 2

to Burn-In Resistance (OHMS) Voltare Drop (“alus)
! ' T T
-t s SRR

! ot oTé Ny B
< 0K o ¥ u 184 | | o
3 0K o | 125 R
4 oK ™ | (87 N
k ok ol 183 1
6 oK o B 193 l _
! oK Tk 181 B

8 oK e 187 B
0 0K P 181 R
10 oK o 201

11 oK .01‘\\ 201 ) ]
12 0K p\"‘ L2085 -
13 oK P 497

14 ok | ¥ 208

L5 oK oV 204

16 oK .0%02-* 108

17 oK o7 200

18 oK 't ) .203 15
19 o ! 207 )
20 ok o303 P1L

21 ok ot L N
22 oK o 208 |

e ———
Y -

a
P 'y

DY
|

e




Apoendix |

LABORATORY REPORT

hussmnnn Division - McGraw-Fdison Conpany N
St.louis, Mo. 63178

Subject Group I (Burn-In/Resistance/Voltapge Drop) o

. Fuse Type - Buss SPC 2
No. Burn-1In ' Resistance (OﬁMS) Voltage Drop (Volts) i

' | B

23 oK pt 207
24 X Diis L 205 B
25 ok 10 212 [ |
26 ok .07% .20 ( i
27 oK L ¥y | | ,_‘
28| | |ow 1% 202 *
29 oK o10% 207
30 ok oW 18]
31 Lok 1% 202 |
32 oK o112 204 .
33 oK G 208
34 0K 011 20b
35 0K o 208 1
36 0K 03144 .A08
37 0K o1 .20k
38 0K o .203
39 oK o™ 20l
40 ok QN 407
41 ok v Nl

. 42 oK o 409
43 ok 0180 Ll _
" 0k o 49
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LABORATORY REPORT ™"

.Bussmam Division - McGraw-Edison Conpany No-
St.louis, Mo. 63178
Subject Group I (Burn-In/Resistance/Voltage Drop)
Fuse Type - Buss SPC 5
No. Burn-In Resistance (’OH'MS) Voltage Drop (Volts)
r 1
-
1 oK '03_\\ 136
2 oK. o 42
° K P 135
b % ,ol-‘* : .o
° % o 135
¢ okl La 137
! oK Y 1
8 oF o] 434
9 oy nz.\\ NL{
L ok s A
11 or ‘o;\v 36
12 K ‘o-.uk 136
13 oK o a7 |
L & Pk 137
15 ok o a3
16 ok .o‘a 435
17 ] & ,03" 43
18 0K .07“1 43t
ud oK Jﬁfd 136
20 4] 4 9"‘1 43
21 ok .o'*o a3
22 Oy o’q 1351

Iy o e

-

t
|




LABORATORY REPORT "

'Bussxmrm Division - McGraw-Edison Company No-
St.Louis, M. 63178
Subject Group I (Burn-In/Resistance/Voltage Drop)
Fuse Type - Buss SPC 5
No. Bur.Fl- In TResist:ance (O};MS)' Voltage 'Drop (Volts)
23 oK ‘ol"‘ 13
24 0K s Bl
25 ok - ot 131
26 oK o - 135
27 0K an 138
28 oK B J3¢
29 ok o* 3t
30 ok o’ 23
31 o £ 131
32 oK oM 4
33 oK .0”3 NELS
34 0K o 13
35 oK o 21|
= A o"‘1 137
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LABORATORY REPORT "™

Bussmann Division - McGraw-Edison Coapany Ne-
St.louis, M. 63178
Subject Group I (Burn-In/Resistance/Voltage Drop)
Fuse Type - Buss SPC 7—1(2
No. Burn-In Resistance (’OliMS) Voltage Drop (Volts)
[ R
1 oK it A0
2 ok NEa N30
3 ] oK ovob A
_'4 i ok o™ VS B
5 ox N At
6 lok o™ L\ B
! oK ol>0 el
8 oK o R }
9 oK e A -
10 oK. oV o8 B
11 oK N> A0
12 oK p\>\ b
13 oK A el N
14 oW o\»0 AvY!
15 ok oM o) -
16 ok O\M AR
17 oK > 230
18 oK v 3
19 (1N o°° A5
20 oK o®° \
21 oK % K¢l




LABORATORY REPORT """

‘Bussmann Division - McGraw-Edison Company No —
St.Louis, M. 63178
Subject Group I (Burn-In/Resistance/Voltage Drop)
Fuse Type - Buss SPC 7-1(2

No. Bujn-ln lResistancc (béMS) Voltage Drop (Vol
23 oK d@p a1
24 oK dﬁ“ RYS) |
25 oK V¥ A29] |
26 oR o>+ . A28 i
27 v, § o>t N AL
28 oK bad L
29 oX o0 ]
30 oK oV \B?
31 ‘ oX o3 3D
32 oK o> 33
33 oK o> A\
34 oK A el |
35 0X oA Rve !
16 oK o\3° o1
37 7, & o\ﬂ S
38 oK o\>® 0
39 K o\ R
40 0K o\ W\
41 oX o™ nd
42 oK lo\BY KL
41 0¥, Rl At




LABO‘RATORY REPORT Appendix J

Bussman Division - McGraw-Edison Company N .
St.louis, Mo. 63178
Subject uroup I (Burn-In/Resistance/Voltage Drop)
Fuse Tvpe - Buss SPC 10 ,
) ’
No. burn-lIn Resistance (O}iMS) Voltage Drop (Volts) -
! H |
2 oK 50"\‘1 N K ;
3 oK oo“"‘o | A\ - 5 ,
i oK 5 A% ) t
> 06K w‘“ R\ |
b 0K n D |
’ oK. R A B
8 oK oV A0 I
9 oK o‘ﬁo N i
10 or | %"\"] AP ]
11 oK Y W
12 oK @%‘5 A\LY
13 o s | B
14 oK LD«M W
15 0 o Ky
16 oK S W
17 oK 1}#’“\ A
18 oK ™ N6 ,
19 oK {wﬂ A |
20 oK 84 e
21 oK b Y |
22 oK L@o Ak L
a3 oK o0t 224 A8 - ?
FL oK. 3111 W3
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LABORATORY REPORT e
. No. ,
Bussimuwn Division - MeGraw-Edison Coupany
st.louis, Mo. 03178
Subjcct Group 1 (Burn-In/Resistance/Voltage Drop) B L
Fuse Tvpe - Buss SPC 15 ;
YNo. Burn-In Resistance (’O};MS) Voltage Drop (Volts) ‘
EEE a
' oK % Al _ﬁ_: 4
2 oK e la i
3 ok oo"iw oY R (
4 K. a 103 B '
> ok b \0b .
o ot | oo 20 |
! oK & Aok 7‘_
8 oK ra ot 1
? oK °‘°i! ok o
10 cK L°”\° 0§
11 ov b.$° (03
12 % L"‘\% \o
13 ot oopd AL
14 oK 00.;\‘5 o>
15 o s\ \0
16 e 3
17 oK o5\ ‘oM
18 oK oo\ L\0 5]
L oK St {04
20 oK 0\ Ao
21 o L,s\\ o -
22 OK. loﬁ\ Aokt
23 ok ot 05
-~ au _ s - 167
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LABORATORY REPORT "

No.

Subject

Bussmann Division - McGraw-Edison Conpany

St.louis, M. 63178

Group I (Burn-In/Resistance/VoltLage Drop)

Fuse Type - Buss SPC 20

Resistance (OHMS)

No . Burn-1In Voltage Drop (Volts)
l T
' 0K a ot
Q)
’ S ] 4 5 0¥
3 oK. uﬁ“ 0%
4 ok W ol
5 oK o> 015
6 ok 003*,{ o3«
7 oK Jﬁq 0%
8 oK. N otS
9 1.1 4 Lo‘)"‘ 5 0,5
10 Ry, .o"f)‘ _oﬂﬂ
11 oK dﬁﬁ o34
12 oK A b%5
13 oK dﬁ“ 042}
14 ov LY 0%
15 oF ";5" ‘9%5
16 & L0%2
17 ok & 085
18 ot j@“ 0%|
19 oK M 090
20 ® ot
21 oK o™ 034
22 ok &) 086
a3 oK
a4

'F

4

L

b

-
L Y

4,
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LABORATORY REPCRT

Pusomarey Division - MeCiaw-kady o i o
St.Louis, o 03L/8

ALY N

Subject ¢ -

istance/Voltaye Drop) o o e -
Fuse Tvype - Buss SPC 30

No. Bulrn-ln : Resistance (OUWMs) . _Voltage Drop (Veliws o
o ! , ' !
i R I A A -;__', L *: L
= K| P o0 |
( : S S Sl el A
2 QK { 1 loo\?j ' —_.'I ] ‘ B _~', .f o li’)_‘*l ! '
. r*\\t "] i T I R S - ST
’ 0K : ' ! o _ !_-_--._'.,__,!_ -‘,’le B,
. okl | DEEEEREE nERE
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5 0K o R A N 3 B
6 0K .""‘\L _l ! ; | .o"q! ‘ .
S e S Rt e e m eIl b
’ k| o R R
- ; S A R ot e i
X Lok o l_l_ [ T I L e E ‘
° oK o R T S I v B B
10 oK o | __}[ | | ; ol |
R S G S 1
11 oK 90‘“ b ' 1° ?
L
[ 12 0K S ot R ] ! | o‘l\’
—r ’ -- T e -~~—~|~‘--—-~—— — g —— ey f- - -
13 oK e ob! |
_ SR DU U SN o S
14 oK | e T e N
! U A S A —t
L 0K o ] 012 !
— : AR IR IR S S e it SRR
16 oK il | | 013 I
T © T T AT -
17 oK .°°“*1 | f | T ; 01’ l
ST T T T
| 18 1] 4 [ _ N ﬁ‘ o ! 1
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—_— e i R L -
20 o | o I' IR L Lo l ;
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LABORATCORY REPOR:

Bussmuum Division - MeCraw-tid
St.louis, M.

vilio
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Appendix

No .

Subject Group I (Hurn—InLResistan(_‘c/\/l_Ll_L;“'y Droupl.  _ —_
Fuse Type ~ Buss SPC 30
No. Burn-~1In Resistance (OHMS) Volvaze aron_ Noltsy
e I ey S A a4 ‘—LﬁL”‘Lr -
' | ‘ T | ‘ i
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a 23 ok | o i o o] f -
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29 ok | o P el T
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LABORATORY REPORT

-Bussmmn Division - McGraw-Edison Conpany No- -
St.louis, M. 63178
Subject Group I (Visual and Mechanical Examination) ) B
Fuse Tvpe - Buss SPC 2
IM - B C D ’ A ‘ B ( b] ~
NO. 1»‘4/& Lf&/&] tg’é’f’ﬁ i ol x| aex égg &115.\10 _7 L
i 1 305] 223 PL>] 1.5"‘ 1§34 94 1310 223 .a% ,.59* \,53‘ _J
AL R P I o ER N Xl |
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Prepared for: BUSSMANN DIVISION

Subject:

1.1

1.2

McGraw Edison Company
P.0. Box 14460

St. Louis, Missouri 63178
SHOCK TEST
ABSTRACT
Object

Subject Bussmann Division fuses to a Shock Test as re-
quested in Bussmann Division Purchase Order No. E47270,

Conclusions

The test units remained intact and appeared to have
suffered no damage as a result of the Shock Test.
Electrical continuity was retained in all units following
the Shock Test.

~

UNITS TESTED

Four of each of the following fuses: SPC-2A, SPC-5A,
SPC-73A, and SPC-30A. The units of each model type were
assigned serial numbers 41 through 44.

TEST REQUESTED

Fuses shall be subjected to a Shock Test in accordance with MIL-STD-
202, Method 213, Condition I. The test units were to be subjected to

3 shocks in each direction of three orthogonal axes of the units (for

a total of 18 shocks). Shock waveforms were to be 100 g in amplitude,
6 milliseconds in duration, and of terminal-peak sawtooth configuration.
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Appendix .

ENVIRON LABORATORIES, INC. ENGINEERING REPORT NO. 12649
4 August 1983 Page 2
3. TEST REQUESTED (Cont'd)

The units were to be checked for electrical continuity
befnre and after testing. Half of the test units were to
be tested while carrying 100 percent of rated current at
any convenient voltage and frequency, and the remainder
with no current.

4. INSTRUMENTATION, PROCEDURE AND RESULTS

4.1 Instrumentation

L.A.B. Corporation Shock Machine, Type 24-400

Endevco Amplifier, Model 26148, Environ No. 350-020, Last
calibration date: 31 January 1983

Endevco Accelerometer, Model 2272, S/N NA53, Last
calibration date: 9 March 1983

Tektronix Type 564B Oscilloscope, S/N B060494, Last
calibration date: 30 June 1983

Hewlett Packard Oscilloscope Camera, Model 196A

Endevco Power Supply, Model 2621, Environ No. 380-518,
Last calibration date: 31 January 1983

Krohn Hite Band Pass Filter, Model 330M, Environ No. 440-001,
Last calibration date: 8 December 1982

Weston AC Ammeter (used for SPC-2A's and SPC-74A's), 5/10
amps. full scale, Model 433, S/N 118763, Environ No.
230-003, Last calibration date: 2 June 1983

Weston AC Ammeter (used for SPC-5A's and SPC-30A's), 10/50
amps. full scale used, Model 904, S/N 20021,Environ No.
230-050, Last calibration date: 12 July 1983

Biddle Power Rheostat, 1000 W, Cat. No. 20

4.2 Procedure

Testing was accomplished in two lots, one consisting of the
SPC-2A and SPC-5A units, the other comprised of the SPC-73A
and SPC-30A units. For a given test lot, two of one fuse

type were wired in parallel with two of the other, utilizing
an adjustable power rheostat and a step-down transformer to
achieve the necessary rated currents of each type as monitored
with separate ammeters.
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ENVIRON LABORATORIES, INC. ENGINEERING REPORT ‘NO. 12649
4 August 1983 Page 3 l
4. INSTRUMENTATION, PROCEDURE AND RESULTS (Cont'd) i
N~ 4.2 Procedure (Cont'd)

—a.
hERURR - N

-

The shock machine was calibrated to obtain the desired
waveform, then the test fixture was mounted in the various
test orientations atop the shock machine carrijage. Shock
waveforms were nominally 100 g in amplitude, 6 milliseconds
in duration, and were of termminal-peak sawtooth configur-
ation. All units were subjected to 18 shocks, comprised

of 3 pulses in each direction of 3 orthogonal axes, with
half of each type unit carrying 100 percent of rated current
during testing.

2

T -
2 atvams Weonims NS

4.3 Results

Upon completion of the test, the test units remained intact
and exhibited no signs of damage as a result of the Shock
Test. Electrical continuity was maintained by all units.

e e a Sl

Photographs of the Shock Test set-up and shock waveforms
follow. A bandpass of 0.2 to 3000 hz was utilized for the
waveform displays to reduce high frequency noise.
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ENVIRON LABORATORIES, INC. ENGINEERING REPORT 'NO. 12649
4 August 1983 Page 4

] Photographs of Test Set-up

Photograph No. 1 - Photograph of Shock Test set-up, showing
test fixture mounted atop shock machine carriage for testing

in the "leads up" orientation. Current-carrying wires lead
off to left.

.
lOl!’Ja' . !

Photograph No. 2 - Photograph of Shock Test set-up, showing
the fixture oriented for testing in one of four axes utilizing
the metal bar tie-down shown. Accelerometer is visible

beyond right edge of fixture plate, atop small metal block
fastened to shock machine carriage.
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ENVIRON LABORATORIES, INC.

ENGINEERING REPORT NO. 12649
Page 5

Index to Photographs of Shock Waveforms

Units

SPC-2A and -
SPC-5A

SPC-73A and
SPC-30A

Vertical: 20 g/division
Horizontal: 2 ms/division

Photograph No.

Orientation

O ~ YN O WN =

11
12

271

Leads up

Leads down

Longitudinal, S/N's read down
Longitudinal, S/N's read up
Lateral, S/N's right side up
Lateral, S/N's upside down

Longitudinal, 7%: S/N's read up
30: S/N's right side up

Longitudinal, (opposite of #7)
Lateral, 74: S/N's upside down

30: S/N's read up
Lateral, (opposite of #9)
Leads up
Leads down




ndix J
26

Aﬁge X
ENVIRON LABORATORIES, INC. ENGINEERING REPORT . 12649

4 August 1983 Page 6

Photographs of Test Set-up

Photograph No. 1 Photograph No. 2

Photograph No. 3 Photograph No. 4
(3 drops executed, only 2 recorded

due to oscilloscope triggering

difficulties)
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Photographs of Test Set-up

Photograph No. 5 Photograph No. 6

Photograph No. 7 Photograph No. 8
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Photographs of Test Set-up

Photograph No. 10

Photograph No. 9

Photograph No. 12

Photograph No. 11
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A
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28 July 1983 Page 1

Prepared for:

Subject:

1.1

1.2

BUSSMAN DIVISION
McGraw Edison Company
P.0. Box 14460
St. Louis, Missouri 63178

SALT SPRAY TEST

ABSTRACT

Object

Sixteen fuses were subjected to a Salt Spray Test per
MIL-STD-202, Method 101, as requested by Bussmann Division
in their Purchase Order No.E47270. The test units were
returned to Bussman Division for further post-test
evaluation.

Conclusions

A1l units exhibited some tarnishing of the metal and a
small amount of whitish corrosion on the metal portions.
The 30A and 74A fuses were subjected to 100 percent of
their rated current for one hour with no apparent damage
to the units.

UNITS TESTED

The Bussmann Division of McGraw Edison Company submitted
four SPC-2A fuses (#27, #28, #29, #30), four SPC-5A fuses
(#27, #28, #29, #30), four SPC-7iA fuses (#27, #28, #29,
#30), and four SPC-30A fuses (#27, #28, #29, #30) for a
Salt Spray Test per MIL-STD-202, Method 101.

TEST REQUESTED

Subject the 16 fuses to a Salt Spray Test in accordance with
Method 101D of MIL-STD-202F. The length of the test shall be
48 hours. Following the drying period, the fuses shall be
subjected to 100 percent of the rated current for one hour.
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t 28 July 1983 Page 2

4. INSTRUMENTATION, PROCEDURE AND RESULTS
] _ .

4.1 Instrumentation

Salt Spray Chamber, Associated Environmental Systems
Model MX9208, Environ No. 504-012 '

Digital Tnermometer, Doric Model 410A, Environ No.
430-004, Last calibration date: 26 May 1983

pH Meter, Corning Model 125, Environ No. 491-001

AC Ammeter, Weston Model 433, Range: 0-10A, Environ
No. 230-003, Last calibration date: 2 June 1983

AC Ammeter, Weston Model 904, Range: 0-50A, Environ
No. 230-050, Last calibration date: 12 July 1983

Biddle 11004 Power Rheostat, Cat. No. 20

Variac, Environ No. 380-503

4.2 Procedure

The test specimens were suspended in the salt spray
chamber using waxed string, and were positioned so that
they were approximately 15° from the vertical. The 5%
salt solution was mixed and its specific gravity and

pH were checked and adjusted to conform with the re-
quirements of MIL-STD-202F. The chamber was then closed
and the heat and salt spray turned on. The temperature
in the chamber was maintained at 95 +2 -3°F, while the
salt spray was adjusted so that for each 80 square
centimeters of horizontal collecting area, there was 0.5
to 3.0 m1 of salt solution collected per hour (based on
an average run of at least 16 hours). This exposure was
continuous for 48 hours.

Immediately fo lowing the salt snray exposure, the fuses
were riased in running tap water not warmer than 100°F,

Each fuse was examined for corrosion, warping, cracking

or other electrical or mechanical damage.

Following a 24 hour drying period at rcom ambient con-
ditions, the 74A and 30A test units were subjected to
' 100 percent of their rated current for one hour.

4.3 Resul¥s

A1l of the test units exhibited some discoloration of
the metal portions, and a small amount of whitish corrosicn
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ENVIRON LABORATORIES, INC.

28 July 1983 . Page 3

4.3

INSTRUMENTATION, PROCEDURE AND RESULTS (Cont'd)

Results (Cont'd)

was evident on the test units. There was no apparent
warping, cracking or other electrical or mechanical
damage on the fuses tested.

The 73A and 30A fuses showed no evidence of damage
following the exposure to 100 percent of their rated
current.

NOTE: Bussmann Division personnel agreed to perform
the post-salt spray performance tests on the
2A and 5A fuses.

278

Apnendix

ENGINEERING REPORT NO. 12649-2

i“‘:“‘ ~- a A-':;‘

_,,
AR




Appendix J

environ

LABORATORIES, INC.

9729 Qicard Avenve South ,
Minneapolis  Minnesols /

1

>

ENGINEERING REPORT NO. 12649-3 ‘

"MOISTURE RESISTANCE TEST"
1 August 1983 ,
for

BUSSMANN DIVISION
McGraw Edison Company
P.0. Box 14460
St. Louis, Missouri 63178

,
!
’ ("'-"M / 4
Prepared by: /Qé/szév \‘//- C:;;/ézafrx

NoTa J. Carlson
Staff Scientist
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ENVIRON LABORATORIES, INC. ENGINEERING REPORT NO. 12649-3 1
1 August 1983 Page 1

|
Prepared for: BUSSMANN DIVISION

McGraw Edison Company
P.0. Box 14460

St. Louis, MIssouri 63178

Subject: MOISTURE RESISTANCE TEST
1. ABSTRACT
1.1 Object

To subject 16 fuses to a Moisture Resistance Test in
accordance with MIL-STD-202, Method 106, as requested
by Bussmann Division in their Purchase Order No. 47270. '

1.2 Conclusions

The test units exhibited various degrees of rust and
corrosion on or near the terminal ends following the
moisture resistance exposure. There was no evidence
of cracking, peeling, or loosening of the terminals.

The test units were returned to Bussmann Division for
further post-test evaluation.

‘ |
2. UNITS TESTED }
{

The Bussmann Division of McGraw Edison Company submitted

four SPC-2A fuses (#11, #12, #13, #14), four SPC-5A fuses
(#11, #12, #13, #14), four SPC-7i1A fuses (#10, #12, #13,

#14), and four SPC-30A fuses (#10, #12, #13, #14) for a k
Moisture Resistance Test per MIL-STD-202, Method 106. '

3. TEST REQULSTED N

Subject 16 fuses submitted by Bussmann Division of the
McGraw Edison Company to a Moisture Resistance Test per
MIL-STD-202, Method 106, excluding steps 7A and 7B.
Polarizing voltage shall be 100 volts DC.
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4. INSTRUMENTATION, PROCEDURE AND RESULTS
4.1 Instrumentation

Drying Oven, Environ Model T1-3, Environ No. 500-003

Humidity Chamber, Blue M. Model FR-366PC-1, Environ
No. 501-014

Dry Bulb/Wet Bulb Temperature Recorder, Ametek
Controls Division Model TRX12M/M-78, Environ No.

' 200-061, Last calibration date: 20 July 1983

Digital Multimeter, Keithley Model 160B, Range Used:
0-1000 VDC, Environ No. 215-001, Last calibration
date: 17 March 1983

DC Power Supply, manufactured by Environ Labs

Temperature Recorder/Controller, Honeywell-Brown Model
15301336-01-01-0-024-002-01, Range: -100 to 250°F,
Environ No. 200-056, Last calibration date: 28
April 1983

4.2 Procedure

The sixteen fuses were mounted on a noncorrosive panel
positioned 15 degrees from the vertical with the terminal i
down. The fuses were wired so that the polarizing voltage ‘
would be applied between the fuse insulation material and o
the terminal ends. .

Before placing the test units in the humidity chamber,
they were conditioned in a drying oven at temperature of
5042°C (122+3.6°F) for a period of 24 hours. The test
units were then placed in the humidity chamber and the
cycling was commenced by first raising the temperature
to 65+2°C (149+3.6°F) in 2% hours (Step 1), with the
relative humidity maintained at 90-98%. The chamber was
kept at these conditions for 3 hours (Step 2); then, the
temperature was lowered to 25 +10, -2°C (77°F +18, -3.6°F)
within 24 hours and immediately raised to 65+2°C with a
relative humidity of 90-98% (Steps 3 and 4). During the
lowering and raising of dry bulb temperature, the relative |
humidity was between 80 and 98%. The high temperature

' and humidity was held for 3 hours (Step 5), and then
dropped down to 25+2°C within 24 hours (Step 6). The 25°C,
90-98% relative humidity was maintained for the remainder
of the 24-hour cycle (see representative dry bulb/wet
bulb temperature chart on page 4 of this report). The
24-hour cycle was repeated for a total of 10 cycles, 1‘

except that at the end of Step 6 of the 10th cycle, after
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4. INSTRUMENTATION, PROCEDUKE AND RESULTS (Con'td)

4.2 Procedure (Cont'd)

1 hour at 25°C, the units were removed from the chamber.
Throughout the humidity exposure, a polarizing voltage of
100 VDC was applied between the metallic parts and the
insulating parts of the fuses. One amp fuses were wired
into the circuit so that any leakage current greater than
1 amp would be detected.

Following the humidity exposure, the units were inspected

for cracking, peeling, loosening of terminals and evidence
of electrolytic corrosion.

4.3 Results

At no time during the mcisture resistance exposure did the
leakage current exceed 1 ampere.

Post-exposure inspection of the test units revealed no
evidence of cracking, peeling, or loosening of the termi-
nals. The various degrees of corrosion found on the fuses
is listed below for each fuse type tested.

Fuse Type Results of Visual Examination

SPC-30A Very slight discoloration of terminal o
ends.

SPC-71A Moderate to severe rust, corrosion and

tarnishing on terminal ends.

SPC-SA Small amount of corrosion on only 3 '
units, near terminal ends.

SPC-2A Small amount of corrosion on 2 units,
near termminal end.
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