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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,
Mc(,raw-Edison. Aspects 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 I1, the devel ,mnnt of final design
specifications plus fuse fabricati( and Phase IV,
qualification testing and analysis

Phase I activities included numero udies to verify
and to determine the effects of the rious contract
requirements. Also included in Phase I was the prelininary
design of the fuses which included the study of present
designs.

Phase II consisted of refining the most promising designs
oJ 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 III objectives were to incorporate any changes in
the Design Specification and to fabricate fuses in all
amnere ratings (2, 5, 7.5, 10, 15, 20 and 30A) for the
qualification testing of Phase IV.

Phase IV activities included the qualification testing and
evaluation of Phase III fuses, the fabrication of contract
fuses (220 of each ampere rating) and finally the preparation
of this renort.



1.0 Introduction

1. 1 Background

Past efforts by the Air Force have developed
Solid State Power Controllers (SSPCs) for
aircraft electrical power loads. These controllers
have been developed 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 nQrmally 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
conditio..

1.2 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 I - Theoretical analysis and nreliminarv
design of fuses.

Phase II - Prototype fuse hardware development
and testing.

Phase III - Final design specification and fuse
fabrication.

Phase IV - Evaluation testing and analysis.

2



2.0 Phase I - Theoretical

Analysis and Preliminary

Design of Fuses

2.1 Phase I - Objectives

The Drimary 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 simnlicity of design.

2.2 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.

2.2.1 Factors Affecting the SSPC Fuse Performance

The following contract requirements had a significant
effect on the size, construction and performance
of the SSPC fuse.

2.2.1.1 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.

2.2.1.2 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 nractical. A lead-in (radial lead)
mounting would be the preferred type.

3
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2.2. 1.3 (.onformarte "To App) icabl MiI i tary Requirements

The applicable reqirements of MIL-F-5372,
MIL-F-15160 and MIT.-F-23419 are 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
g) 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., I15-230V,
400 Hertz/ 2-30A

b) Usage (Electrical Ratings Vs Fuses Used)
c) Maximum Fault Current: 8,OOOA, 400 Hertz

at rated voltage
d) 400 Hertz Frequency and D.C.
e) Operating Temperature: - 50C to +85 0 C
f) Storage Temperature: -65 C to +150 0 C
g) Altitude Range: 0 - 80,000 ft.
h) Reliability

2.2.3 PaDer 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 20,000% of rating and hence the curve is
horizontal. If tests were made above 20,000% of
rating, the curve would continue upward at a slope
similar to that shown for values below 20,000%.

5 ~mmki



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 Figure 2.

Research of the SSPC designs, gave a better
understanding of the SSPC operation. In addition,
tests on an SSPC showed the device 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 approximately 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 68.5% of the total volume.

The operating temperature -55 C to +85 C), storage
temperature (-65 C to +150 C) and altitude range
(0 - 80,000 feet) requirements were all verified by
the Paper Search.

2.3 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 effort to locate a 400 Hz
high current testing source, 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.

2.3.1 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 Aopendix
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.

6
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2.3.2 400 Hertz Search

Since the SSPC fuse was to be designed for aircraft,
a major effort was made to locate a 400 Hertz
testing source. Contacts were made with the
following companies:

Guardian Electric, Chicago, Illinois

Eaton Corporation, Milwaukee, Wisconsin

McDonnell Douglas Corporation, 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
Drovide the circuit cilibration and documentation
required for our test program.

Eaton CorD. was found to have a suitable 400 lHz
facility and 400 Hz tests were performed in
,January 1982. In 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 capacity and a problem in
sustaining the voltage during tie short circuit
test.

McDonnell Douglas Corp. was found to have a 400 Hz,
115 volt, low ampere source. This equipment was
used in February 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 amperes.
However, they also have a oroblem 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 voltage current supplv was
leased for current carry tests.

8



2.3.3 60 Hertz Vs 400 Hertz and Sea Level Vs 80.000 Feet

A number of tests were made to compare both
60 iz vs 400 tz 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 60 Hz at
normal atmospheric pressure.

2.3.4 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.

2.3.4.1 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. If, 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.

9



Another area of concern was the small ap between
the pleats in an assembled fuse When the fuse
opens to interrupt a fault condtit ion, the opened
segment of the strip is likely to close on itself
under the effect of gravity depending upon the
position of the airplane.

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 strip and keeping the pleated section in air,
looked encouraging.

2.3.4.2 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 amp. only. Bevond that size, a filler
appeared to be necessary to meet 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.

2.3.4.3 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 soots. Both zinc and silver/copper
varied in thickness.

10



b) Another attempt at a bi-metal element design
incorporated a modified version of an FNQ 25
fuse. This design retained the original
shape of the FNQ 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 Durpose
was to generate extra heat in the high resistance
half, which would transfer to the copper 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.

2.3.4.4 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.

2.3.4.5 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 FNQ
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.

.7
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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 FNQ 20, performed fairly
well, however, it did fall from the envelope
in the 1,000 to 3,000% range.

c) Another modification of the FNQ, was the
narrowing of the wide sections of the strip.
The purpose 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.

2.3.4.6 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.

2.3.4.7 Saw Tooth

Due to the complexity 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 ooened. The
disadvantage is that even though the length of
the strip can be increased by approximately 100%,
it is not possible to achieve the length obtained
by 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 Reliabiliry and Maintenance Analysis

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

13



3.0 Phase II - Prototype_Fuse

Hardware Development and Testinp

3.1 Phase II Objectives

The ori';try objectives of Phase 11 were to first,
further develop the most nromising preliminary
designs and second, to fabricate and test Drototyne
fuses.

3.2 Phase II - Preliminary Design Concepts

3.2.1 Preliminary Desion Review Meeting (Phase I 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.

3.2.1.1 The Contract Envelope 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. If tests were made above 20,000% of
rating, the curve would continue upward at a slope
similar to that 2hown 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 simnlicitv of design.

3.2.1.2 The Contract Short Circuit Requirements



3.2.1.3 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 test (MIL-STD-202, Method 106) was
removed. This test, which evaluates the effect of
component parts due to handling and shipping, 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 dron test.

The mechanical shock test (MIL-F-5372, Paragraph
4.6.19) was dropped in favor of the MIL-F-23419
test (MIL-STD-202, Method 213, Condition I).
The MIL-STD-202 test is more common. It is
referenced in a standard test specification is
opposed to a unique fuse specification and it
is a more severe test.

The terminal strength test (MIL-F-5372, Pararanh
4.6.9) was dropped in favor of the MIL-F-Z3419
test (MIL-STD-202, Method 211, Condition 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 soecification as opposed to
a unique fuse specification and it is a more
severe test.

3.2.2 Preliminary Design Concepts Eliminated

Additional evaluation of the seven preliminary
design concepts lead to the elimination of four
concepts.



1. 2. 1 Dual Element (MDL Modified) Design

This design, which is similar to the standard L
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 addinp.
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.

3.2.2.2 Bi-Metal Element Design

Two versions of the bi-metal element were

investicgated.

a) The first design incorporated a zinc center
element 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 envelone 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 rime current region.

Both design concepts were eliminated due to the

poor time current characteristics.

3.2.2.3 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
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3.2.2.4 Loaded Link (FNQ Modified) Design

Three desigin concepts were pursued using the basic
FNQ loaded link design. Although initial tests
showed these designs were close to the contract
requirements, no completely acceptable results
were achieved and the design concept was eliminated

1.3 Phase 11 (Prototype Fabrication and Testing)

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

3.3.1 Coiled Wire Design (Figures 3 & 4)

3.3.1.1 Design Concent and Range

This design used as a fuse element, a fusible
wire (copper wire, tin plated) which was wound
on a soft ceramic core material. it 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 package.

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

3.3.1.2 Fabrication Techniques

Fabrication of the fuse element was fast and
simple with the proper equipment. Coil winding
machinery, such as the machine purchased from
the George Stevens Co., greatly increased our
ability to produce high quality fuse elements.
This machine could wind fuse elements for 1-1/4
inch long 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 II, the one restriction
of this construction was the necessity of adding
an arc quenching filler material. It was felt
this operation would probably he done separately,
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.

20



3.3 1 3 Test ing and I' valuat ion

Phase II test ink,, of the coi led wire desif,,n
veri fied its abi lit v to meet the SS PC envelope
curve in the 2 and 5 ampere sizes. These
tests were performed at +250C with some
preliminary testing at -55 0 C and +850C. Short
circuit tests at 250V, 10,OOOA, 60 Hz were
also acceptable when an arc quenching sand
filler material was used. The unfilled version
had not been tested.

3.3.2 Pleated Link Desi, n

3.3.2.1 Design Concept and Range (Figure 5)

The Phase 11 version of this design used ,
copper alloy strip which was pleated to fit
into a shorter nackas,,e. It was capable o~f

covering the entire 2 through 30 amnere range.
but due to consideration for cost , relia'iilitv.
and simplicity of design, it was planned for
the 7-1/2A through 30A ratin-,s only. lhe
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 necessary to meet the SSPC envelope curve
requirements.

3.3.2.2 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 oneration on short
circuits. The nleats were added in a senazate
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 verifit'd these ratings met the SSPC
envelope curve at +25 0 C. Additional tests on
these ampere rat ins at -55C and +850 C were
planned. Short circuit tests at 250V, l0,OOOA,
60 lIz had also been succcssfully completed.

3.3.3 Saw Tooth Link Design (Fipure 6)

The saw tooth link gave the increased strio length
necessary for an SSPC fuse, but was not as complex
as the pleated link. It was intended only for the
larger 20 and 30 ampere rating and offered
advantages in cost, reliability and simplicity
of design.

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

3.4 Preliminary SSPC Fuse Design Specification

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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3.5 SSPC Fuse Materials and Equinment List

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

3.5.1 Construction Materials

3. 5. 1 1 Fusible Element

i) Tin nlated copner wire

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

b) Pleated conper strip

'trip will be blanked, tinned and pleated
by Bussmann.

c) Saw tooth copper strip

Strip will be blanked and tinned by
Bussmann.

3.5.1.2 Core Material

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

3.5.1.3 Arc Quenching Filler

#7113 sand
Supplier - Bussmann

3.5.1.4 Tube

a) #8999 melamine tube with modification
Supplier - Bussmann

b) #7540 melamine tube with modification

Supplier - Bussmann

3.5.1.5 Ferrules

a) #9318 albalov nlated can
Supplier - Bussmann

b) #7552 albaloy plated cap
Supplier - Bussmann

25



3.5.1.6 Solder

40 - 60 tin lead
Supplier - Bussmann

3.5.1.7 Fusing Alloy

lOO7, tin

a) Tin slug at center of element
Supplier - Bussmann

3.5.1.8 Washers

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

b) Brass washer for end of fuse
Supplier - Bussmann

3.5.1.9 Leads

14-22 gauge tin plated copper
Supplier - Bussmann

3.5.2 Construction Equipment

3.5.2.1 Coil winding machine - Model 409 Continuous
Resistance Winder
Machine Manufacturer - George Stevens Mfg. Co., Inc.
Coiling will be performed by Bussmann.

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

3.5.2.3 Blanking die for oleated link.
Supplier - Bussmann

3,5.2.4 Pleating die for pleated link.
Supplier - Bussmann

3.5.2.5 Blanking die for saw tooth link.
Supplier - Bussmann
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3. 5.2. 6 Stamping die for marking caps.
Supplier - Bussmann

3.5.2.7 Work Benches

3.5.2.8 Soldering irons and hot plates.

3.5.3 Test Equipment

3.5.3.1 400 Hertz, Low Voltage Current Source: 0 - 200A

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

3.5.3.2 Cold Chamber

3.5.3.4 Resistance Meter

Model 4201 Digital Micro - ohmmeter
Manufacturer - Valhalla Scientific, Inc.

3.5.3.5 Visual and Mechanical Examination Equipment

a) Terminal Strength

Chatillon gauge DPP-5, DPP-10, C6202

b) Visual Examination

c) Dimensional Inspection

1. Length

2. Diameter

3. Lead Length

Vernier Caliper - Helios 52-1019

3.5.3.6 Short Circuit Test Equipment

a) Bussmann

0-600V; 0-200,OOOA; 60 Hertz

b) Eaton Coro.

0-230V; 0-2,900A; 400 Hertz
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3.5.3.7 Environmental Equipment

a) Moisture Resistance

b) Salt Spray

c) Shock (Mechanical)

Performed at Environ Laboratories, Inc.
Minneapolis, Minnesota

3.6 Critical Design Review Meeting

At the conclusion of Phase II, a Critical Design
Review Meeting was held at Bussmann Manufacturing
on September 9, 1982 to review all aspects of
Phase II. This included all materials, equipment.
and component parts required in the manufacture
and testing of future fuses plus a review of the
draft set of Design Specifications.
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4.0 Phase III - Final Design

Specification And Fuse

Fabrication

4.1 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

4.2 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 performance 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 III, 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,OOOA, 250V, to 7,500A,
250V. This change applies to the 7.5 to 30A range
only. The 2 and 5 amp specification remains at
10,OOOA.

4.3 Final Design Concepts

The final 0 - 30A fuse package 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.

29
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4.3.1 Coil Wire Design

As stated above, this design emlovs 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 through 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.

4.3.1.1 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 leads
were soldered to the cans. As can be seen in
the qualification test, this design required no
filler, notching or other modifications to pass
short circuit requirements. The 2A design also
fit within the required overload envelope.

4.3.1.2 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 oroblems 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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As can be seen in the Qualification Testing, the
overload performance of tie final design is mar,inal
at 3,000/, of rating;. The ability of the 5A design
to better meet the contract envelope can be improved
bv using d lno,er wire at more "turns per inch".
However, this imnrovement results in failure
to meet the 10,OOOA, 250V short circuit require-
ments.

4.3.2 Pleated Link Design

The nleated link design, which is used on the
7-1/2 through 30A sizes, contains a corner strin
nleated on the overload end to a snecific length.
(See Figures 11 throuph 16.) The nleated overload
section contains a tin slug,, and contains no filler.
The short circuit section is notched and is
surrounded by sand to improve the short circuit
nerformance. The major differences in the 5 amnere
sizes is the number and size of weak snots, the
thickness of the strip and the number of the
pleats. As the ar,,pere ratings and therefore the
pleats decreased, all ratings, 7-1/2 ann and iarger,
were encased in a 13/32 x 1-1/2 inch package co'nsistinv
of a melamine tube and standard cans.

4.3.2.1 7-1/2, 10 and 15 Amnere Pleated Desi>n

The 7-1/2, 1) and 15 amp fuses are t.1.ti Ia
construction excent for the thicknes,, of tho srrl!
and the number of nleats. All thrtco u';e a iead
diameter of .051 inch.

4.3.2.2 20 Amnere Pleated Design

In addition to a thicker strin, fewer pleats, and
notched caps, the 20 amp design contained narrower
weak sections and larger diameter leads (.064) than
the 7-1/2 - 15A range. The narrower weak sections and
notched cans were necessary to improve short circuit
nerformance and the larpe diameter leads were required
to dissinate heat during current carry tests.
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*.3.'.'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.

4.44 inal Design Specifications

Phase III 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 III, is included in Appendix I.

4.5 Fuse Fabrication, Testing and Evaluation

The final requirement of Phase III was the assembly,
testing and evaluation of the qualification test
samples. It should be noted that the testing
and evaluation portion of Phase III was preliminary
only and the actual qualification testing took
place in Phase IV.

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 44
7 44

10 24
15 24
20 24
30 44
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The actual number of fuses f;-.rated was
greater to allow for prelimina1rv, in-house
testing by Bussminn. This proliminary testing
by Bmissmann incluided all the requi red* tests that
were to rollow in the qualificat ion testing of
Phase TV!.
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5.0 Phase IV -- Evaluat ion Test in

And Analysis

5.1 Phase IV - Objective

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

a) Qualification Testing and evaluation
b) Fabrication of contract fuses
c) Prenaration of final technical report
d) Final design review meeting

1 .2 Qualification Testing

The first objective of Phase IV was the testino
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 othei current ratings which fall between
the minimum and maximum current ratings (10, 15
and 20A) were exposed only to Group I and II

testing. The results of the qualification
testing is contained in Appendix J.

5.21 Group I - 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
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5 2. 1. 1 Burn- In

Al I fuses were subj ected to ;1 60 iz, A.C. current -
on low voltae,,e (10-20V) at 1007, of rated current
for 1 hour (minimum) at room ambient temperature.
(ee n . ragraph 4.7.4 of the Fuse Design Specifi-
' it ion for additional mounting and testing details.)
"t:c tests were performed by Bussmann. Any
s1>v:icious fuses were discarded.

tiirderdsg D.Drop

:, 1 i' the above burn-in, the voltage drop of the
a ,, ,t> me~isur(,d and recorded using a D.C.

* 'etcr lhaving a minimum input imnedance
, . r'm.ohms. (See Daragranh 4.7.5 of the Fuse
).ion Snec. for additional details.)

!.iile Re; istance 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.

5. 2.1. Visual and Mechanical Examination

hollowins, the above resistance check, each fuse
w.).; examined to verify that the materials, design,
cons.truction, phvsical dimensions, marking and
workmanship are in accordance with the apnlicable
requirements (see Paragraph 4.7.1 of Fuse Design
Spec. )

>2 C 5 Current Carry Capacity

At the conclusion of the above four tests, each
-isu was subjected to a current carry capacity
test using, a 400 Hz, low voltage source at 125%

, rated current. The fuses were apportioned
arni submitted to test temneratures of -550 C,
)5' 0 C and +85 C. Of those fuse ratings containing

/,, samples each, (2, 5, 7-1/2 and 30A) 14 fuses
were tested at -55 0 C, 16 at +25 0 C and 14 at +850C.
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Of those fuse amperes cont i iriins,, 24 sampl es each,
(10, 15 and 2OA) ei iht fuses were tested at -55 0 C,
eispht at -2 5°C and eight at +85"C. (See paragraph
4.7.6 of the Fuse Design Spec. for additional
details.) The current carry tests were performed
by Bussmann.

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

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

a) Terminal strength
b)) Overload interrupt
c) 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 III - VI testing.

5.2.2.1 TerminAl Strength

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

5.2.2.2 Overload Interrunt

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 group of 24 fuses, eight were
tested at -550 C, eight at +250 C and eight at +85 0 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 400%, 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.
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5.2.2.3 Insulation Resistance

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

5.2.3 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

) Insulation resistance

5.2.3.1 Short Circuit

Following exposure to Group I testing, eight fuses
of each remaining ampere rating (2, 5, 7-1/2 and 30A)
were subjected to short circuit 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 -550 C carry, four to a
+25 0 C carry and two to a +850 C carry. Oscillograms
and computer printouts were recorded on each fuse.
(See 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.

5.2.r3.2 Insulation Resistance

Those fuses exposed to short circuit currents were
lirer tested for insulation resistance per paragraph

4.7.9 of the Fuse Design Spec.
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5.2.4 Group IV

At tile conclusion of Group I I I IC i 1W, 1
fuses each Of thL' minimum -Inl marximrum :jmwr
ratings (2, 5, 7-1/2 and 30A) rTrCMAined f
these 12 fuses, four fuses of Cach a;pmert
rating were exposed to Group IV testin'. rinF IV
testing consisted of the followin,

a) Vibration
b) Continuity
c) Shock
d) Continuity

5.2.4.1 Vibration

Four fuses of each remainin, w impere r.,t in ,
(2, 5, 7-1/2 and 30A) were expos(d to hi.h
frequency vibrntion tests p'r par:i.iraph 4 7 11
of the Final Fuse Design Spec.

Vibration tests were performed by Bussmann.

5.2.4.2 Continuity

Those fuses exposed to vibration testing were
later checked for continuity using a low
voltage ohmmeter per paragraph 4.7.2 of the
Final Fuse Design Spec.

5.2.4.3 Shock

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

5.2.4.4 Continuity

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

Following Group IV testing, 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) Insulation resistance

5.2.5.1 Salt Spray

Four fuses of each rcm-aining ampere rating
(2. 5. 7-1/2 and 30A) were exposed 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.

5.2.5.2 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%, one at 1,000% and
one at 3,000%. Depending on the length of the
blow, opening times were measured either with
a stop watch, cycle counter or oscillo,ram.
(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.

5.2.5.3 Insulation Resistance

Those fuses exDosed to overload interrupt tests
were later tested for insulation resistance per
paragraph 4.7.9 of the Final Fuse Design Snec.
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5.2.6 (;roun VT

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

5.2.6.1 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.

5.2.6.2 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.

5.2.6.3 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 moist lrt., thermal
shock and current carry were litr subjected
to overload interrupt tests ;it room ambient
temperature, 60 Hz and 250 volts

Each group of four fuses was tested at four
different current levels includinp one fuse at
200". of rating, one at 400"., 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, cycle 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 Insulation 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

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 requirements
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
changes, additions and deletions suggested by
the Air Force.

5.6 Final Design Review Meeting

The Final Design Review Design Meeting of Phase IV
was eventually concelled by the Air Force, however,
all preparations by Bussmann had been completed.
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Appei jix A

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. Earle Long Bussmann
Mr. Walter Curtis Bussann
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Appendix A

SECT ION I

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
proqram with a better understandinq of the SSPC and its
requi rements.

The S'arch concentrated primarily on Air Force technical
reports plus documents provided by QRC Incorporated, who
obtained the material from a search 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.
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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
(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"

21 AD-A008595 "Power Controller Breadboard and Develop-
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,
Development Fabrication and Testing of Hybrid
Power Controllers"
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Item No. Title

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

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

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

27 AD-A086994 "AC Controller Feasibility Study (RCA)

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

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

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

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

32 Bibliography of Wire Damage Data

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

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

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

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

40 Failure Mechanisms Report #FMR 04-002. Effect of
a Thermal-Vacuum Environment on the Electric
Characteristics of Buss GLX Fuses
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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 K

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. In 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,OOOA 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

U

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 :
free air).

Mr. Ron Solomon of the McDonnell Douglas Corporation
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
a substantial amount of information including the effects
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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Ap,'endix A

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
more 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 ir Bussmann's contract.

Even though some curves were given in time vs. load in amps
for 2A SSPCs while others were shown in time vs. percent of
rated load 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
included 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.

85



O~t. 83 AFVL -63- T 8 270

7TE-70hE'2hEG 1/2 Im-ChEEEEFIGhEEI
mhhhhhMoEn

.hEIEEEmhEEmhE

.E-EEEmhhhhhI



II mh. ll N~l

1.8.

11 _=1111-1

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OE SIANPARD, i A



Appendix A

CL)

C44

WI .
I

7 7 -7- 7 T

CI Co (D C*

C)]

C3~I 
.j.1- (:j'j



A1.1'endix A

Section III

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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Section IV

SSPC Usage

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

1) Current ratinqs 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-i bomber usage, which qives a good
representation of the majority of data collected.
(Figure 4) This information, however, does not
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.

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--115/200V. AC and 230/400
V. AC. A third smaller group also included is 28V DC.

The 230V rating appears primarily in the B-i 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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1.6 to 5A
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<0.3 A 3%0.3 to 1.6 A

32% 33

Figure 4 Distribution of Power Controller Loads
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2) Continued

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

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

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

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

Item #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 V

Verification of Additional Contract Requirements

5.1 Maximum Fault Current

The maximum fault current of 8,000 amps specified in
Bussmann's contract was cause for some concern, primarily
because of the relatively few test facilities capable of
providing 8,000 amps at 400 Hz. Mr. Frank Chacon of the
Eaton Corporation recommended checking whether the 8,000
amp fic;ure 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,OOOA requirement. Item
#6, however, includes information on a study conducted on
contending advanced technology generating concepts.
Included in this study is a Permanent Maqnet 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 hich as 15 PU rating or approximately 4,OOOA
per generator. If the PMG system is not the reason for the
8,OOOA requirement, the validity of this specification
remains questionable.

5.2 Operating Temperature

Numerous documents contain information on the operating
temperature of the SSPC, resultinq in a wide range of speci-
fications. However, the requirement of -550 C to +850 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. 0 This
information shows clearly, that the -65 C to 150 C temperature
is correct.
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5.4 Alt-i hde Ibinqo

Availablo documents indicate mnaximum altitudes ranging from
42,000 feet to 100,000 feet. However, the majority of
information is very close to the contract specification of

0-90,000 feet.
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Verify SSPC Envelope Characteristic Shape

I tem 47 
K

Pacqc 43, 44 IICPC I0A, 1 phase, 3 phase trip characteristics

Page A-J6 HCPC 10A fail-safe fuse

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

Item i21

P'ace 14 Information on wire protection with 5A, D.C. controller

Page 16 Information on fusible link

Paqe 17 Curve-percent of rated load vs. time

Page 18 Recommends fuse link per MIL-P-81653

Page 30 Curve-load current vs. time - 5A, D.C.

Paqe 37 Curve-load current vs. time - actual test

Page 59 Wire protection - 2A, AC

* _ Page GO Fuse - 2A, AC

Page 61 Curve-percent of rated load vs. time 2A, AC

Page 66 Curve, load current vs. time

Page 75 Curve, load current vs. time

Page 135 End Curves - % of rated load vs. time

Page 161 Table of trip times vs. current

Item #22

Page 36 Chart of test data - blow time vs. current

Item #29

Page 6 Fuse designed to protect #26 gauge wire and
Rockwell 2A-SSPC.
New fuse required for SSPCs greater than 3A.

Page 7 SSPC (2A) switch trip and fuse clearing time

Page 8 SSPC - Fuse

Page 17 Figure 8 - recommended trip characteristics for
modified SSPC
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Item #29 (cont.)

Page 35 SSPC specification comparisons (26, 115, and

230V-AC)

A9 SSPC trip and fuse clearing time requirement

App. B-3 SSPC curve - rated current vs. trip time

Item #30

Page 5 #26 gauge for low power circuits

#24 gauge for high power circuits

App. B 26, 24 and 22 gauge wires

Item #31

Page 5 Trip characteristics for AC load

Page 13-18 Trip time data (-55°C, 250C and 120 0 C)

Page 25 Trip time data (-55 C, 25 C and 100 C)

App. B Page 7 Trip values for 1OA-115V, 400 Hz SSPC

Item #33

Page 11 #24 gauge is minimum wire size

Page 42 Wire temperature rating chart

Page 46 Operating temperature of single wire in air

Page 48 Derating factor for wire vs. altitude

I
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Research SSPC Design

Item #3

Detailed explanation - especially page 40

Item #26

Page 4--377 RCA power controller

Item #3].

Page 2 Ceneral requirements

Page 8 Function

Page 9 Schematic diagram of 3 phase, 10A SSPC

App. A Parts legend for schematic
Page 9

Item #29

App. A Describes Rockwell SSPC

App. B Rockwell Solid State Power Controller Chip

App. 13-2 Power Controller Funct ons

App. 13-6 Block diagram of SSPC
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SSPC Usaqe

Item #3

Page 10 900 SSPCs on I

Page 26 Pic Chart showing size and voltage

Item Y4

'aq 23 400 SSPCs on sinqle enginc aircraft

Page 25 Data showing % of various amps on single
engine aircraft

Item #6

Page 101 Usage table - 1000 SSPCs, 1 phase, 115 volt

1/2A - 484
2A - 291
5A - i]0
10A - 93
20A - 22

Item #20

Page 4 839 SSPCs on B-I - 1.5 + 1.6A

Page 13 B-1 - 80% are less than 1.6 or 1.5 amps

Page 132 Data showing amp and voltage of B-I SSPCs.

Item #24

Page 1 On B-is, 50. of SSPCs are I/2A and less

Itei #25

Page 329 Shows SSPC current ratings

Page 121 Shows SSPC current ratings

Page 139 Shows SSPC current ratings

Item #25

Page 329 SSPC ratini of 10. 8, 5, 3, 2, 1 and 1/2A
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Item- #.26

Page 1-3 270V, D.C., 28V, D.C. and 400 Hz

Paqle 3-1 115/200V AC

Page 3-14 SSPC Used - 2A - 28V DC
5A - 28V DC
1OA- 28V DC
2A - 115V' AC
5- 115V AC

Pago 3-17 70% of SSPCs are 2A at 115V AC and 28V DC

Page 3-26 SSPCs 28V DC - 2A, 5A and 10A
)l5V 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 Hiz 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 IA at 26V

Page 44 Mentioned 28V DC and 270V DC SSPCs
Standard voltages - 28V DC, 270V DC, 115V AC
and 26V AC.

Item #31

Page ii 10A - 200/115V, 400 Hz SSPC
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Additional Contract Requirements

A. Maximum Fault Current

Item #4

Page 31 4-90KVA generator on B-I or B-52

Item #6

Page 116 Permanent magnet generator (IMG) Cannot
control feed current; ther fore, severe
fault currents, as high as 15 PU can be
genera ted.

Item t'20

Page 144 Shows worst condition on B-I bomber to be
230 KVA at P.F. of .85.

Item 424
Page 3 Fault current up to 1000% of rated current

Item #25

Page 5 Fault current of 1600A for 3 phase and 1200A
for 1 phase for the first quarter cycle

Page 163 3763A Peak and 2,304A RMS

Page 156-180 Fault current analysis

Item #31
Page 13-18 S/C current 400 amperes

Page 25 S/C current 400 amperes
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13 C& :Oj-atiiq Temp crat urC and Storaqcv' Temp ,raturc'

Ituil #3

Paqe 91 +85 0 C normal operatino temperature
4-.22 0 C - max. dcsign temperature for SSPC

Page 53 -55 0 C to +100 0 C (for fuse)

Page 87 -65 0 rto 160°F

Item #7

Page C-7 & 3-3.3 Case temperature - -400 C to +750 C
Case storage temperature -65 C to 100 C

Item #2]

Paqes 135 Aunbient temperature -540C o 950 C with a
to end case temperature of 120 C

Storage -65°C to 150 0 C

Item #24

Page 19 Test temperature -550 C, +250 C and +75°C

Page 58 Operating temperature - -54°C to +75°C
Storage Temperature - -65°C to +95°C
Emergency Temperature - -54 C to +95 C

Item 25

Page 5 Ambient temperature of -55°C to +125°C

Page 147 -490C to +490C

Item 25

Page 5 -55°C to 1250C for fighters

Page 11 Case temperature of -550C to 1200C

Item #26

Page D-4 Storage temperature -650 C to 1500C
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Item #26

Pago 4-9 Maximum output temperature - 149 C

Paqv 4-22 Oiperatjng temperature

Paqe 4-335 Component case temperature

Page 4-346 SSPC case temperature

Itema #28

Page D-4 Storage temperature of -65°C to 150°C

Item #29

Page 30 Maximum ambient temperature - 96.90C

Page A 6 Environmental Characteristics
Operating - 55°C to +71
Storage - -65 C to +150 C

Item #31

Page 11 Operating temperature -55°( to +1200C

Item #33

Page 34 Heat shrinkable sleeving MIL-I-23053

Page 38 Wire -200°C
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D. Altit-ude

Jte l V'3

Pagje 87 0-70,000 ft.

It(-n m ~2 1

Payc 135 100,000 ft.
to end

Item 1425

Page 147 0-42,000 ft.

Item f29

*Page A6 0-70,000 ft.

Item 4m3

Pago- 38 60,000 ft.
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-I I C -- ,l U. -,.-I-n NO. 257-290

[.NGIN[ ~iIIIG LA1ORATOIZIES DATE 2 I,.bru-rv J.

Apendix B REV.

SUBJECT TEST ( F SOLID S',A-F PGOwER CCNTACTOR 10 I DISIRIBUTIO

_IJE DEI'T

mFc CO. _ _ _ _ _ _
.________ . C. Ejs 2'I

P. M. F]eetw'ood 257

T/WRNO. 027776.16 -MOUEL tO. N/A C. F. Kuhn - File 257

TESTDEPT 257A TC-STSlARTED_ 2/24/82 J. G. Shipley 257

TEST COMPLETED 2/24/ 2

o PRIME DEPARTMENT FINAL REPORT

[ SJPPORT DEPART LHT REPORT

f> LIMITU% YR REPORT
o3 INTERIM TEST REPORT NO.

PREPARED BY ~ _ _ __ _ _

E. A. Sandoval, Technical Specialist
Electrical Laboratory

APPROVED BY___________
' I. Fleetwood, Sectioii ChiefInstrumentnt ion & Standards Labs

1. A Solid State Power Contactor (SSPC) part number 459C300 S/N 066 manufactured
by Telephonics of Huntington, N.Y., and rated at 1.6 amperes RMS at 230V AC
RMS 400 Hz was tested to determine the timte it takes for the SSPC to open
after overload currntz are applied.

2. The tests were conducted in the Electrical Generator Test Facility of MCAIR
St. Louis, Mo. and the tests were witnessed by Engineers V. Spaunhorst and
E. Long of Bussmann Manufacturing Company of St. Louis, No.

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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nic=,-, 'XW LX, nII4CD1AFam" CC,'AP44 257-290

TABLE I - FAULT CURRENT TRIP TJMWS

Fa' Ii AC Volts Seconds Rema:ks

1. 1.6 100Z 234.0 417.0 Did Not Open (Norrial)

2. 2.56 160% 231.34 11.5

3. 3.2 200Z 231.0 2.125

4. 4.8 300% 229.75 0.525

5. 6.4 400% 229.7 0.225 IsL run

231.0 0.245 2nd run

6. 9.6 600% 228.30 0.105 Ist run

230.0 0.1075 2nd run

7. 12.8 800% 227.0 0.0675 lst run

226.0 0.0625 2nd run

a. 14.4 900% 233.0 Instant Trip Tripped on lut cycle

232.0 " t

9. 16.0 1000% 235.0
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SSPC FISE DEVELOPMENT PRO(RAM

FINAL TECHNICAL REPORT

l[_

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.O. 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.O. BOX 14460

ST. LOUIS, MO 63178
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Data Ittvni 14
Re Iea.;cd Daitc 12! A;/i

COMMERCIAL FISE IP'OIZ IANJC Append i x C
pag(

Freq. - 60 Ilz
Volts - 125V
Power Factor-.73-.80

CURRENT FUSE PERFO0RN CE ]
FUSE LEVEL OPEN AIR -807000--ft--.- OPEN AIR WO 0 -O-fct

ABC-2 200% OK OK .39 sec. .50 sec. (Clearin.cv °1i.e)
500% OK OK .05 sec. .37 sec. (Clear ing-)

2,500A OK OK 5.2 5.3
5,OOOA OK OK 5.7 4.3
8,000A OK OK 6.2 6.0

ABC-I5 200% OK OK 9.0 sec. 19 sec. (Cleavinj, ':-2)
500% OK OK .2 sec. .7 sec. (Cl~erin , Tfre-)

2,500A OK OK 343 345
5,OOOA OK OK 379 343
8,OOOA OK OK 378 394

ABC-30 200% OK OK 6.6 sec. 5.5 sec. (Clearin Ti-)
500% OK OK .37 sec. .53 sec. (Clea-rinr,;TL-e)

2,500A OK OK 1,647 1,650
5,OOOA OK OK 1,636 1,618
8,OOOA OK OK 1,769 1,838

MDL-2 200% OK OK 41 sec. 31 sec. (Cleariiv. Ti=12)
500% OK OK 1.2 sec 1. 3 sec. (Clearin . Tcri-)

2,500A OK OK 121 128
5, O00A OK OK 121 122
8,OOOA OK OK 133 130

MDL-7 200% (1)Cracked Tube OK 18 sec. 16 sec. (Cleariwv Te)
500% OK OK 1.8 sec. 3.4 sec. (Clearing Tirex)

2,500A OK (1)Burst Tube 731 767
5,OOOA OK OK 744 729
8,000A (i)Cracked Tube OK 789 788

* 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.
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Data Item 35
Released Date 12/30/8!

COMMERCIAL FUSE PERFORANCE Appendix C

Freq. - 60 liz page 2

Volts - 250V
Power Factor-. 79-.85

CURRENT FUSE PERFORMANCE 2 t
FUSE I LEVEL OPEN AIR 80 ,000 ft. OPEN AIR I 0.000 f _t .

SC-4 200% OK OK - -
500% OK OK 5.54 5.55

2,500A OK OK 6.50 6.52
5,OOOA OK OK 6.99 7.07
8.OOOA 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.OOOA OK OK 899 777
8,000A OK OK 945 921

SC-30 200. OK OK 25 sec. 27 sec. (Clearing Ti n)
5007 OK OK 10.704 9,912

2,500% OK OK 2.699 2,688
5.OOOA OK OK 3.115 3.156
8.O00A OK OK 3,211 3,103

GLR-15 200% OK OK 31 sec. 30 sec. (Clearing Time)
500. OK OK 1.646 1,642

2,500A OK OK 267 309
5.OOOA OK OK 358 354
8,OOOA OK OK 353 372

FNQ-30 2007. OK OK 31 sec. 16 sec. (Clearing Time)
500 OK OK 10,955 12.667

2,500A OK OK 2,891 2,917
5,000A OK OK 3,067 3,067
8,000A OK OK 3,173 3.136

j 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
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Appendix C
page 3

COMUTERCIAL FUSE -PFR0PMANCE F,
60 Hz vs 400 Iz

Current Level 3200A @ l15V
2900A @ 230V

FUSE VOLTAGE CLOSING PT. 12 t
(RANDOM 60 Hz 400 Hz 400 Hz

SEA LEVEl. SEA LEVEL 80,000 FT.

ABC-30 115V 300 1536 - 499

600 1683 399
700 1613 307 382

900 1594 362

1500 1690 445 480

MDL-7 115V 700 866 186 195

700 736 136

800 683 168 162

900 720 192 137

900 728 121

GLR-15 230V 00 269 100 *

00 314 68 *
00 312 65*

200 285 86 *

580 338 86 *

SC-15 230V 500 354 72 *

600 400 60

820 346 35

800 344 57 * K
goo ,278 46*

FNQ-30 230V 900 - 659 *

900 2822 889 *

500 2880 871 *

1000 2816 784 *

720 2848 908 *

* Altitude tests on 230V fuses were deleted because of time restriction
plus no apoarent difference on 115 fuses.
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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.

"A

18 November 1981
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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 million 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 Predictin 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-

istics 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.

2.2 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.

2.3 Reliability characteristics.

A properly designed and constructed fuse has an almost infinite

life. That is, the fuse will carry a certain current indefinitely

but still open on prescribed overload conditions.

3.0 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 qo% confidence level.

3.1 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.

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

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 10-6 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 I hour burn-in.

Following burn-in, 42 fuses had unacceptable cold resistance

values and were culled from the shipment.
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3.2.4 GIDEP.

The GIDEP data is essentially the same as the RADC data. This

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.

Given the application and the performance requirements of the

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.q
4.3 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 I 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.

5.0 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.

1
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SSPC FUSE DEVELOPMENT

GENERAL TEST PLAN/PROCEDURES

BREADBOARD FUSE EVALUATION (PHASE II)F

1.0 SCOPE

1.1 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.

2.0 APPLICABLE DOCUMENTS

Contract F33615-81-C-2052

3.0 TEST PROGRAM

3.1 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.

3.1.1 Phase II. Testing in Phase II shall consist of the

Group I and Group II tests of this specification.

4.0 TEST PROGRAM

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

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

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

4.4 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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TABLE I

Test Sequence and Sample Quantities

Sample Test

Inspection Qty. Para. Notes

Group 1 4.6

Visual & mechanical examination ALL 4.6.1

Cold resistance ALL 4.6.2

Group II 4.7

Current carrying 5 4.7.1 1

Overload interrupt 37 4.7.2 1

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
or 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
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
at room ambient temperature. The test shall be repeated
using the same samples at -55"C and at +850C 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)

Room -551C +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 .190
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4.7.3 Short circuit interrupt capacity. Eight sample fuses of
ac 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 wirinq
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
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 suffocatinq
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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3.2.2.1 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.

3.2.2.2 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.

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

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

3.2.3 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.

3.2.4 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.

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

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

3.3.2 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.

3.3.3 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
of the case, body or terminals shall not rise more
than 900C 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.
The circuit shall remain open without the circuit
closing again during the 1-minute period after
interrup. 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 4.8.6).

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 TEST

Percent of

Rated Current Clearing Time (Seconds)
(+3% - 0%) Minimum Maximum

200 2.70 >100.0
500 .370 3.80
1000 .130 1.05
3000 .035 .19

3.10 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).

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

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

3.13 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).

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

3.15 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 I 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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TABLE II. INSPECTION SEQUENCE

Test
Requirement Method

Inspection Paragraph Paragraph

Group I (all samples)

Visual and mechanical examination ---- 3.3, 3.16 4.8.1
Resistance --------------------------- 3.5 4.8.3
Current-carrying capacity ------------ 3.6 4.8.4

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

Terminal strength -------------------- 3.7 4.8.5
Overload interrupt ------------------- 3.8 4.8.6

Insulation resistance -------------- 3.9 4.8.7

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

Short circuit--- --------------------- 3.10 4.8.8
Insulation resistance -------------- 3.9 4.8.7

Group IV
(4 sample units/current rating)

Vibration, high frequency ------------ 3.11 4.8.9
Continuity ------------------------- 3.4 4.8.2

Shock--- -------------------------------- 3.12 4.8.10
Continuity ------------------------- 3.4 4.8.2

Group V
(4 sample units/current rating)

Salt spray (corrosion) ---------------- 3.13 4.8.11
Overload interrupt (at room ambient

temperature and maximum voltage
rating) ---------------------------- 3.8 4.8.6
Insulation resistance -------------- 3.9 4.8.7

Group VI

(4 sample units/current carrying)

Moisture resistance ------------------ 3.14 4.8.12
Thermal Shock ------------------------ 3.15 4.8.13
Current carrying capacity (at room

ambient temperature) ---------------- 3.6 4.8.4
Overload interrupt (at room ambient

temperature and maximum voltage
. rating) ---------------------------- 3.8 4.8.6 I

Insulation resistance -------------- 3.9 4.8.7
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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
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:

+00
1) -550 C '3oC

+50

2) +250 C +oc (Room ambient temperature)

3o0
3) +85°C +00C

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 connectinq
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
terminals shall be measured by thermocouples (wire size

128 to 32 AWG).
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4.8.5 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)

4.8.6 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:

+00
1) -550 C _3o

+5 ° _

2) +250 C _oc (Room ambient temperature)-5° C

3) +85C + 30

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.

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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4.8.8 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 + 100 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.

4.8.9 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.
c. One-half of the sample units shall be tested

while carrying 100 percent of rated current
at any convenient voltage and frequency and
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.

4.8.10 Shock (see 3.12). 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 (see 3.1),
and the remainder with no current. All fuses
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-
STD-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 (see 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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STANDARD SHEETI

SOLID STATE POWER CONTROLLER (SSPC) FUSE

-1.400 max.

250 + .004 Dia.
Tube IOn Ferrule

Ferrule

1.50" Lead

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
terminals with the leads.

Terminals:

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 *250V AC (Ohms)~68 Hz

2 10,OOOA

5 10,OOOA

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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SOLID STATE POWER CONTROLLER (SSPC) FUSE
"--1.700 Max. - - !

.406 + .004 Dia.

Tube On Ferrule

Ferrule .

00
Min.[~rLa

NOTE: [7-1/2 - 15A

.051 + .002 Dia.
Dimensions are in inches. 20 - 30A

.064 + .002 Dia.
REQUIREMENTS:

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.

Terminai:

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 ,2 QVC (Ohms)

7-1/2 10,OOOA
10 10,OOOA
15 10,OOOA
20 10,OOOA
30 10,OOOA

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 
A

FINAL DESIGN HARDWARE TEST PLAN

Bussmann Division
McGraw-Edison Corporation

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

1.0 SCOPE

1.1 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.

2.0 APPLICABLE DOCUMENTS

Contract F33615-81-C-2052

3.0 PROGRAM REQUIREMENTS

3.1 Development. The SSPC fuse is being developed using a

phased approach which insures certain bench marks are

met before furth er work is performed. Consistent with

this approach, the test plan shall be implemented in

accordance with the phased approach established by the

contract.

3.1.1 Testing. Testing shall consist of the Group I and

Group II tests of this specification.

4.0 TEST PROGRAM

4.1 Test sequence. The sequence of tests shall be in

accordance with Table I.

4.2 Test samples. The number of sample fuses to be subjected

to each test shall be in accordance with Table I.

4.3 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 I

rest Sequence and Sample Quantities

Sample Test

Inspection _t_. Para. Notes

Group I 4.5

Visual & mechanical examination ALL 4.5.1

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.

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.
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4.6 Group II 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 (see note) at 125% (+10% -0,o)
+00 +50 +3°1

of rated current at -550 C C30, +25 0 C _5o and +850C _0

temperature. The current shall be maintained for a

period of not less than 3 hours following a 30 minute

soak at each temperature.

4.6.2 Overload interrupt. A sample quantity of 37 fuses of

each current rating shall be subjected to a 400 Hz or

60 Hz alternating voltage (see note) at 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.

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

less than 6 volts.

TABLE 2

Overload Interrupt Test

Clearing Time
Sample Qty. & % of Rated Min. Max.
Temperature Current (Seconds)

+5o0 +00  +3o
+25°C -5oC -550 C +30 +85° 0o +3%

5 2 2 200 2.70 >100

5 2 2 300 1.00 >100

5 2 2 400 .550 6.90

5 0 0 1,000 .130 1.05

5 0 0 3,000 .035 .190
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4.6. 1 Short circtit interrupt ca pacity. Eight sample fuses

of each 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 InterruptCapacity

Test Current

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

8 Sea Level 10,OOOA 7,500A
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FINAL SSPC FUSE DESIGN SPECIFICATION
CONTRACT NUMBER F33615-81-C-2052, PROJECT NUMBER 3145-2964

FUSES, AIRCRAFT TYPE,
GENERAL SPECIFICATION FOR

1. SCOPE

.i 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-Specification Sheet L Current Rating
-This Specification

For Military Part Number

2. APPLICABLE DOCUMENTS

2.1 Issues of Documen-s. The following documents, of
the issue in effet 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).
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MILITARY

MIL-I-10 - Insulating Materials, Electrical,
Ceramic, Class L.

MIL-I-16923 - Insulating Compound, Electrical,
Embedding.

MIL-C-21768 - Copper Alloy Numbers 210 (Gliding, 95')
and 220 (Commercial Bronze, 90%)
Sheet and Strip.

MIL-C-45662 - Calibration System Requirements.
MIL-F-14072 - Finished for Ground Electronic Equipment.
MIL-P-81728 - Tin-Lead Plating.

STANDARDS (MILITARY)

MIL-STD-105 - Sampling Procedures and Tables for
Inspection by Attributes.

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

MIL-STD-1285 - Marking of Electrical and Electronic
Parts.

3. REQUIREMENTS

3.1 Specification Sheets. The individual item requirements
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. 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).

3.3 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.
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3.3.1 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.

3.3.2 Case or Body.

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

3.3.2.2 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.

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

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

3.3.3 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.

3.3.4 Non-Current Carrying Parts. All metal non-current
carrying parts shall be0- corrosion resistant
material or of material adequately protected against
corrosion in accordance with MIL-F-14072.

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

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

3.4.2 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.

3.4.3 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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3.4.3.1 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

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

3.5 Continuity. Fuses shall have electrical continuity
(see 4.7.2).

3.6 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).

3.7 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).

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

3.9 Current-Carrying Capacity. Fuses shall show no
evidence of mechanical damage and shall carry 125%
of rated current without opening. The temperature
of the Sase, body or terminals shall not rise more
chan 90 C above room ambient temperature (see 3.1 and
4.7.6).

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

3.11 Overload Interrupt. Fuses shall open the circuit
within the time imits 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 mechanica
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
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
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 I of MIL-STD-1285.

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

a. Part number
b. Manufacturer's name, trademark or code symbol.
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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
solder will not be permitted.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise
specified in the contract, the contractor is
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
supplies and services conform to prescribed requiremenLs.

4.1.1 Test eSuipment and inspection facilities. Test and
measuring equipment and inspection-Taciities of
sufficient accuracy, quality and quantity to permit
performance of the required inspection shall be
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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4.3 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.

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

TABLE I

MATERIALS INSPECTION

Requirement Applicable
Material Paragraph Specification

Plastic 3.3.2.2 --

Epoxy 3.3.2.3 MIL-I-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

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

4.5.1 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 II and then apportioned as indicated for the
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 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 co the inspection of Group I. The sample
shall then be divided as specified in Table II for
Groups II to VI inclusive.

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

4.5.4 Retention of qualification. To retain qualification.
the manufacturer shallV-rward 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 II
QUALIFICATION INSPECTION SEQUENCE

Test
Requirement Method

Inspection Paragraph Paragraph

Group I (all samples)

Burn-in ------------------------ 3.6 4.7.4
Resistance --------------------- 3.7 4.7.3
Visual and mechanical examination- 3.4, 3.19, 3.20 4.7.1
Voltage drop------------------- 3.8 4.7.5
Current-carrying capacity 3.9 4.7.6

Group II (see 3.1)
(24 sample units/current rating
at maximum voltage rating)

Terminal strength -------------- 3.10 4.7.7
Overload interrupt ------------- 3.11 4.7.8

Insulation resistance 3.12 4.7.9

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

Short circuit------------------ 3.13 4.7.10

Insulation resistance 3.12 4.7.9

Group IV
(4 sample units/current rating)

Vibration, high frequency 3.14 4.7.11
Continuity------------------- 3.5 4.7.2

Shock -------------------------- 3.15 4.7.12
Continuity------------------- 3.5 4.7.2

Group V
(4 sample units/current rating)

Salt spray (corrosion) 3.16 4.7.13
Overload interrupt (at room ambient

temperature and maximum voltage
rating) ---------------------- 3.11 4.7.8
Insulation resistance 3.12 4.7.9

Group VI

(4 sample units/current rating)

Moisture resistance ------------ 3.17 4.7.14
Thermal shock------------------ 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) ---------------------- 3.11 4.7.8
Insulation resistance 3.12 4.7.9
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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 tie summary
of the test res,-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 notify 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.

4.6 Quality conformance inspection.

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

4.6.1.1 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.

4.6.1.2 Group A inspection. Group A inspection shall consist
of the inspections specified in Table III.
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4.6.1.2.1 Samling plan. Statistical sampling and inspection
shall be in accordance with MIL-STD-l05 for general
inspection level II, except the burn-in test and
resistance test shall be performed on 100% of the
produ~ction lot. The acceptable quality level (AQL)
shall be as shown in Table III. Major and minor
defects shall be as defined in Table IV.

4.6.1.2.2 Rejected lots. If an inspection lot is rejected, the
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
as reinspected lots.

TABLE III

GROUP A INSPECTION

Test
Requirement Method AQL (percent-defective)

Inspection Paragraph Paragraph Major Minor

Burn-in 3.6 4.7.4 ....
Resistance 3.7 4.7.3 ....
Visual and mechanical

examination 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 (see 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 does 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. If an inspection lot is rejected, the
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
as reinspected lots.

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

1

if186



Appendix I

TABLE V

GROUP B INSPECTION

Test
Requirement Method

Inspection Paragraph Paragraph

Current-carrying capacity (at room ambient
temperature) ----------------------------------- 3.9 4.7.6

Terminal strength -------------------------------- 3.10 4.7.7
Overload 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.

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

4.6.2.1.1 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.
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4.6.2.1.2 Failures. If one or more sample units fail to pass
Group C inspection, the sample shall be considered
to have failed.

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

4.6.2.1.4 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 censidered 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 failure shall be furnished to the
cognizant inspection activity and the qualifying
activity.
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TA BLE VI

GROUP C INSPECTION

Test
Requirement Method

Inspection Paragraph Paragraph

Subgroup 1
(8 sample units/current rating at
maximum voltage rating)

Short circuit---------------------- 3.13 4.7.10
Insulation resistance ------------- 3.12 4.7.9

Sub roup 2
(24 spmple units/current rating at
maximum voltage rating)

Terminal strength ------------------ 3.10 4.7.7
Overload interrupt ----------------- 3.11 4.7.8

Insulation resistance------------ 3.12 4.7.9

Subgroup 3
(4 sample units/current rating)

Vibration, high frequency---------- 3.14 4.7.11
Continuity----------------------- 3.5 4.7.2

Shock------------------------------ 3.15 4.7.12
Continuity----------------------- 3.5 4.7.2

Subgroup 4
(4 sample units/current rating)

Salt spray (corrosion) ------------- 3.16 4.7.13
Overload interrupt (at room ambient

temperature and maximum voltage
rating) -------------------------- 3.11 4.7.8
Insulation resistance------------ 3.12 4.7.9

Subgroup 5
(4 sample units/cufrent rating)

Moisture resistance ---------------- 3.17 4.7.14
Thermal shock ---------------------- 3.18 4.7.15
Current-carrying capacity (at room

ambient temperature) ------------- 3.9 4.7.6
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4.7 Method of Examination and Test.

4.7.1 Visual and Mechanical Examination. Fuses shall be
examined to verify that the iate'rials, 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).

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

4.7.3 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.

4.7.4 Burn-In (see 3.6). Fuses shall be subjected to an
AC current at any convenient voltage or frequency
at 100% of rated current for 1 hour (minimum) at
room ambient (2 +5 oC) 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 +1 inch.

4.7.5 Voltage Drop (see 3.8). Voltage drop shall be measured
using a-bC voltmeter having a minimum input impedance
of ii megohms with measurements taken at room ambient
temperature and as close 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.

190
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4.7.6 Current-Carrying Capacity (see 3.9). Fuses shall be
subjected to an AC current- (00-flz 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.

0

1) -550 C '3o0
-3
+5°0

2) +25°C _5oC (Room ambient temperature)

+3 0
3) +85°C -0oc

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
ther 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. 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)
2. Perpendicular to terminal axis. (3 pound force).
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4.7.8 Overload Interrupt (see 3.11). Fuses shall be
subjeted 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 qualification
(Groups V and VI), Group B and Group C (Subgroup 4 )
tests shall be run at room ambient.

*+0
°0

1) -55°C +3o

2) +25°C + C (Room amb .+ temperature)

3)+85 C 0oC

The fuses shall be maintaii , -t 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 liz 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 I 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
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4.7.10 Short Circuit (see 3.13). Fuses shall be apportionedJ
and subjected to the tests at the current, frequencv
and voltage specified (see 3.1). The direct current
tests shall be made using appropriate generating
equipment for a source of power and wita the rate
of current rise for the test circuit adjusted for
at least 3.25 x 106 amperes per seconds. T'ie alternatin
current tests shall be applied within + 10 of zero
point of the voltage wave and the circuit power ract ir
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 th applicable fuseholder (see 3.1)
short-circuited. Following the test, insulation
resistance shall be measured as specified in 4.7.9

4.7.11 Vibration, High Frequency (see 3.14). The fuses
sha-- -sUEi e~e--t-v-ration 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.
c. One-half of the sample units shall be tested

whil.e carrying 100 percent of rated current
at any 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

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

a. Mounting method and accessories - Fuses shall
be mounted in or on applicable fusehoider.
(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
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4.7.13 Salt Spray (corrosion) (see 3.16) Fuses sha
be tested in accoran-e with method 101 of
MIL-STD-202. The following details shall app

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 3.16.

4.7.14 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 snall 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.

4.7.15 Thermal Shock (see 3.18). The fuses shall be
subjet--ld---Ee---l--sock 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 (G. 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 sustaininE
full voltage duzing the test. Additional informat
on this subject is contained in the reports of
Air Force Contract F33615-81-C-2052, Project 3145-

6.2 Ordering Data. To be determined.

6.3 Qualification. To be determined.
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STANDARD SHEET I
Page I of 2

SOLID STATE POWER CONTROLLER (SSPC) FUSE

S1.400 max.
.250 + .004 Dia.

Tube I On Ferrule

Ferrule-
230,,TH

Max. 1.50"'j
Min. Lead

NOTE: .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 Resistance Voltage Drop
Part No. Rating Interrupt (Ohms) _ _(Volts)

I(Amperes) 28V DC *250V AC Min. Ma. ii'n.' Max.160 Hz
MXXXXX/I-2A 2 200A 10,OOOA .0750 .0350 .150 .250

MXXXXX/I-5A 5 200A 10,OOOA .0175 .0250 .110 .160

* AC short circuit tests are performed at 60 Hz (see 6.1).
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Page 2 of 2

Appendix I

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)

*1 H197
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SOLID STATE POWER CONTROLLER (SSPC) FUSE

100 Max.
- .406 + .004 Dia.

Tube ____ On Ferrule

Ferrule O- .01'

Max. 1.:50"
r Min.

NOTE: 1 1 7-1/2 - 15A
4 .051 + .002 Dia.

Dimensions are in inches. 20 - 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

I Current Short Circuit Cold Resistance Voltage Dro,
Part No. Rating Interrupt (Ohms) .. VoQltsl_

(Amperes) 28V DC *2 5VH-C. Min. I Max. 'tin. Max.

MXXXXX/2-7 A 7-1/2 200A 7,500A 0110 .0160 .100 .160
MXXXXX/2-10A 10 200A 7,500A .00800 .00980 .090 .I0
MXXXXX/2-15A 15 200A 7,500A .00450; .00570 .080 .130
MXXXXX/2-20A 20 200A 7,500A .00300 00400 .060 .110
MXXXXX/2-30A 30 200A 7,500A .00160 .00220 .050 .100

• AC short circuit tests are performed at 60 Hz (see 6.1).
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OVERLOAD INTERRUPT 'I'IME

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.O. BOX 14460

ST. LOUIS, MC. 63178
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QUALIFICATION TESTS

SSPC FUSE

BUSS SPC FUSES
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QUALIFICATION TESTS

BUSS SPO FUSES

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

DATE: FEBRUARY 28, 1983

MANUFACTURER: BUSSMANN DIVIS ION
MCGRAW-EDISON COMPANY
P.O. BOX 14460
ST. LOUIS, MO. 63178

AUTHORIZATION: CONTRACT NO. F33615-81-C-2052

PROJECT NO. 3145-2964

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

TESTING LABORATORIES: BUSSMANN DIVISION
MCGRAW-EDISON COMPANY
P.O. BOX 14460
ST. LOUIS, MO. 63178

APPROVAL INFORMATION

SUBMITTED BY: APPROVED BY:

A.. .. . .> ... 1...,
VERNON SPAUdHORST WALTER CURTIS
DESIGN ENGINEER ENGINEERING MANAGER,

SMALL DIMENSION
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QUALIFICATION TESTS

SPECIFICATION PARAGRAPHS AND TEST PARAGRAPHS

Test

Requirement Method
Inspection Paragraph Pararap

Group I

Burn-in -------------------------- 3.6 4.7.4
Resistance ----------------------- 3.7 4.7.3
Visual and mechanical examination 3.4, 3.19, 3.20 4.7.1Voltage drop - - - - - - - - - -- 3.8 4.7.5

Current-carrying capacity-------- 3.9 4.7.6

Group 11

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 -- - - - - - - - - -3.13 4.7.10

Insulation resistance -- 3.12 4.7.9

Group IV

Vibration, high frequency -- 3.14. 4.7.11
Continuity--------------------- 3.5 4.7.2

Shock---------------------------- 3.15 4.7.12
Continuity--------------------- 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) ------------------------ 3.11 4.7.8
Insulation resistance -- 3.12 4.7.9

Group VI

Moisture resistance --------------- 3.17 4.7.14
Thermal shock -------------------- 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) ------------------------ 3.11 4.7.8
Insulation resistance -- 3.12 4.7.9
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SUMMARY OF QUALIFICATION TEST RESULTS

Tests performed per "Final SSPC Fuse Design Specification"
dated 12-31-82.

(;r oup- 1 (44 samples each 2A, 5A, 7-1/2A & 30A/24 samples each

10A, 15A & 20A)

2A 5A 7-1/2A 10A 15A 20A 30A

Burn-In Accept V V V- Ve V V "
Re * e c t

Resistance Accept / V v /V/ ,
Reject

Visual And Mechanical Accept _ _/ . __ V _ _ .- "
Examinat ion Rej ect

Voltage Drop Accept / V V 1_ / V V
Reject

Current Carrying Accept V/ V/  / V V
Capacity Re e- . .. .

Group 11 (24 samples of each ampere rating)

2A 5A 7-1/2A 10A 15A 20A 30A

Terminal Strength Accept V / V / / V V
Reject

Overload Interrupt Accept V / / / / / V-
Reject

Insulation Resistance Accept J / / / / / "

Rej ect

Group III (8 samples of each ampere rating)

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

Short Circuit Accept / / 1 V1
Rej ec t

Insulation Resistance Accept / I /
Reject
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Group IV (4 samples of each ampere rating)

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

Vibrat ion Accept V V
Reject

Continuity Accept V1 V1, I/ V._
Reject

Shock Accept V V' V .. V_
Reject

Continuity Accept _ V V %-1/
Reject

Group V (4 samples of each ampere rating)

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

Salt Spray Accept e V 7
Reject

Overload Interrupt Accept L1- V" V
Reject

Insulation Resistance Accept w 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/  V V v
Reject

Current Carrying Accept V0 V' V
Capacity Reject

Overload Interrupt Accept , V
Reject

Insulation R~.sistance Accet__ t . V
Reject
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REPORT OF QUALIFICATION TESTS

SSPC FUSE

Submitted by:

Bussmann Division
McGraw-Edison Company

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

Reference: (a) Contract No. F33615-81-C-2052
Project No. 3145-2964

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

(c) Final SSPC Fuse Design Specification dated 12-31-82.

(d) Military Standard 202F of 29 January 1981.

Enclosure: (i) Tabulated test results of tests run at Bussmann
Division.

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

1. Authority: Reference (a) and (b).

2. Purpose: The purpose of this investigation was to run

qualification tests on Buss SPC fuses.

3. Description 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. I - 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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NUMBER OF TEST SAMPLES REQUIPD

Test Group 2A 5A 7-1/2A 10A 15A 20A 30A

1 44 44 44 24 24 24 44
11 24 24 24 24 24 24 24
Il1 8 8 8 0 3 0 8
IV 4 4 4 0 0 0 4
V 4 4 4 0 0 0 4
VI 4 4 4 0 0 0 4

5. Results: The following tests were conducted at the
Bussmann Division:

Group I - 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



Enclosure (1)

SSPC FUSE QUALIFICATION TESTS

BUSS SPC FUSES

Final SSPC Fuse Design Specification (12-31-83)

GroupI

1. Burn-In

Requirement Paragraph 3.6, Test Paragraph 4.7.4.

No. uf Fuse . Iesults Come
Fuses Type AccrPt Reject

44 Buss SPC 2A
44 Buss SPC 5A V
44 Buss SPC 7 A V-
24 Buss SPC 10A v"
24 Buss SPC 15A
24 Buss SPC 20A V
44 Buss SPC 30A V

2. Resistance

Requirement Paragraph 3.7, Test Paragraph 4.7.3.



API

Group I

3. Visual and Mechanical Examination

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

No. Of Fuse Results __ __I
Fuses Type Accept i Reject-

44 Buss SPC 2A 
O tic 71j-JOo

44 Buss SPC 5A jvO F O C*P

44 Buss SPC 7 A v AA- SOLD
24 Buss SPC 10A V- B1N S
24 Buss SPC 15A L/
24 Buss SPC 20A V
44 Buss SPC 30A - [

4. Voltage Drop

Requirement Paragraph 3.8, Test Paragraph 4.7.5.

No. Of Fus c Results Coms
Fuses Type I Accep - -eject Come nt

44 Buss SPC 2A
44 Buss SPC 5A V
44 Buss SPC 7kA V
24 Buss SPC 10A
24 Buss SPC 15A V
24 Buss SPC 20A V
IL RII~q Rp .7 I I



Appendi x .1

Grou I

5. Current Carrying Capacity

Requirement Paragraph 3.9, Test Paragraph 4.7.6.

No. Of Fuse Results . .... .. {Conment s
Fuses Type KAccep t I Rejct Com

44 Buss SPC 2A
44 Buss SPC 5A
44 Buss SPC 7kA "
24 Buss SPC 10A v
24 Buss SPC 15A v
24 Buss SPC 20A
44 Buss SPC 30A

Group II

1. Terminal Strength

Requirement Paragraph 3.10, Test Paragraph 4.7.7.

Ao. uf Fuse Results
Fuses. Type Accpt -eject ___ _____ _ _s

24 Buss SPC 2A
24 Buss SPC 5A V
24 Buss SPC 7 A V
24 Buss SPC 10A
24 Buss SPC 15A v
24 Buss SPC 20A
24 Buss SPC 30A

210



Appendix J

Group II

2. Overload Interrupt

Requirement Paragraph 3.11, Test Paragraph 4.7.8.

,4o. Of Fuse Results Comments
Fuses Type Accept Reject . ...

24 Buss SPC 2A "
24 Buss SPC 5A /
24 Buss SPC 7 A cjC
24 Buss SPC 10A
24 Buss SPC 15A " J
24 Buss SPC 20A V.,
24 Buss SPC 30A 17

3. Insulation Resistance

Requirement Paragraph 3.12, Test Paragraph 4.7.9.

10. Of Fuse Results

Fuses Type Accept Reject Comments

24 Buss SPC 2A "
24 Buss SPC 5A "

-:24 Buss SPC 7kA "

24 Buss SPC 10A w
24 Buss SPC 15A V"
24 Buss SPC 20A

S24 Buss SPC 30A

211
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Group III

i. Short Circuit Test

Requirement Paragraph 3.13, Test Paragraph 4.7.10.

No. Of Fuse Results . Coments
Fuses Type Accept Reject

8 Buss SPC 2A 7 3 0 A I,",VAcs
8 Buss SPC 5A 7 30
8 Buss SPC 7 A . 7-srEo J4 r-

8 Buss SPC 30A

F/QSE-S 7k4-r Idqd BE4KA- 5ice,-Orep, 7T Lhd,ir1&v 4- oeg
TiSTS WP- 4-tso 5xpo0En T-r D C FIoeer Ctoe ,r
T-&rs Cos s rnJe " £ 2 - or A47 40 1/.

2. Insulation Resistance

Requirement Paragraph 3.12, Test Paragraph 4.7.9.

lo. Of Fuse Recults Coments
Fuses Type Accept Reject

3 Buss SPC 2A V1,
8 Buss SPC 5A I/
8 Buss SPC 7 A ,
8 Buss SPC 30A
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Group V

1. Overload Interrupt

Requirement Paragraph 3.11, Test Paragraph 4.7.8.

No. Of Fuse Results Comments
Fuses Type Accept Reject

4 Buss SPC 2A V
4 Buss SPC 5A
4 Buss SPC 7 A
4 Buss SPC 30A

2. Insulation Resistance

Requirement Paragraph 3.12, Test Paragraph 4.7.9.

Ao. Of Fuse Results
Fuses Type Accept Rejec Comments

4 Buss SPC 2A
4 Buss SPC 5A
4 Buss SPC 7 A
4 Buss SPC 30A

213
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(;roup VI

1. Current Carrying Capacity

Requirement Paragraph 3.9, Test Paragraph 4.7.6.

'o. Of Fuse Results C e
Fuses Type Accept -1-Reject- Comments

4 Buss SPC 2A L"
4 Buss SPC 5A 6-1
4 Buss SPC 7'-A
4 Buss SPC 30A

2. Overload Interrupt

Requirement Paragraph 3.11, Test Paragraph 4.7.8.

Ao. Of Fuse Results
CommentsCuses Type Accept Reject

4 Buss SPC 2A
4 Buss SPC 5A
4 Buss SPC 7 A
4 Buss SPC 30A

214
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Group VI

3. Insulation Resistance

Requirement Paragraph 3.12, Test Paragraph 4.7.9.

No. Of Fuse Results
Conmme n ts

Fuses Type Accept Reject
4 Buss SPC 2A I
4 Buss SPC 5A

4 Buss SPC 7 A
4 Buss SPC 30A

215
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Appendix

LABOARATO JRY REO~iT
Bussman Division - !MGraw-Edison CopanyNo

St.Louis, b. 63178

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

Fuse Type -Buss SPC 2

.4.Burn-In Resistance (OHM,1S) Volt;vi' Dron (".hits)

3 110K ~S

4 
r 411

6 OK! .19 __ _ _ _ __

7 Oki11__ .191 - -

8 
_ _ I.187

9Oki 
___11 ./I'

10 ogOll A1

11 - .0_lk ..UaZ V
12 VK Y10,~ I I
13 - _ _ __.7 _ _ _-

16 _

17 Ok ____ 1__ 
__

18 tI

i1. Ot J _ot &7_

20 Olt.*

21 - ok _

218



Appendix .1

LABOrATORY REPORT
No. __

Bussuinn Division - McGraw-Edison Company
St.1ouis, b. 63178

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

Fuse Type - Buss SPC 2

No. Burn-In Resistance (OHMS) Voltae Drop (Volts)

23 __J11t ,2D7 _

2 5 _ ,-lJ __a

241 OKr 265 61.zs__

25 __ __ 1__ __

26 Oki 11 ___

27 OK .*1 __ .s

28 Oki_ ,2 __

29 vy.-o7 _267

30 04 10131 .___

31 OK _ _ ,___o ,,ao2___

32 0| I_ ,_ -¥

33 1 - •0| 1 Olt_

34 1 1j __ 0__-i

35 1 0 _ fo

36 1OKo A

37 1L.. o-

38 1 1 Oki . _ _

39 0 O .910 11o4

40 ox 1 full I,_o 71
41 Oki ___ 1_

42 - - K - , I-- - A

43 Ok I11o .1 t_

44 Ok __ -
1 1s , ii
219



LABORATORY REPORT
No.Bussman Division - MzGraw-Edison Company

St.Louis, Mb. 63178

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

Fuse Type - Buss SPC 5

No. Burn-In Resistance (OHMS) Voltage Drop (Volts)

1 0j

2

3. .135

4 - .. 1 0.1__

8 O- - 0 371__

10

121

17 51 .

12 _ _ __ _ z

18 O I 3'_

20 P

21 *.0 l

r22S



LABORATORY REPORT Appendx J

No.

Buss=n Division - McGraw-Edison Cmpany
St.L ouis, fb. 63178

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

Fuse Type - Buss SPC 5

No. Burn-In Resistance (OHMS) Voltage Drop (Volts)

2 3 lor 1 .00 1 1,

24 10k.31_-

25 O( 0 437

26 OK 16 .I0 1

29 t ___ _1 _

30 ;j o'° 2.39

31 6k -- .131 _

32 OKI - 0f  ._ _

33 OK I J31

34 _ _ 1.-- - .1 3

35 __ ± .137 ,..p.' .o ' .? I



LABORATORY REPORT Appndix .1

No.
Bussmann Division - McGraw-Edison Company

St.louis, Mb. 63178

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

Fuse Type - Buss SPC 7-1/2

No. Burn-In ResisLance (OHMS) Voltage Drop (Volts)

2 OK 0 * .\30

3

6 4 O K. 0\5'". "-.
4 f

7 OKI 2L. -

6Oo ov"  ,125,)% o. _ L

14 0- 0\O0 t\w"

8 OK\

9 OK
10

12 0-NO

13 .
14 MD- lo _

151 1orJ.s

161 1K

171 oK Aso
18 OL 3 L

19 1Olis,

20 OKI I __



LABORATORY REPORT
Nu.

Bussmmui Division - WCGraw-Fdison Company
St.Louis, lb. 63178

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

Fuse Type - Buss SPC 7-1/2

No. Burn-In Resistance (OHMS) Voltage Drop (Vol

23 OK ___N A.\s

24 OK -1

25 oK 00 %_

26 __ OY3 ° 
_

27 - _ __

28 _ _ Co-

29 - __ ._

30 OK~

31 __ V, _.

321 __K _

33 oK o\ .'

34 JOI "w,~

36~ 00 All_

38 oK_ OI( X)

40 0K Me -- - - -- - - -- - - -

42 __ _ OK __k I_ __ _

/A A OK ~ 11 11r



LABORATORY REPORT Appendix J

Busmun Division - MLCraw-iEdison Company
St.louis, Mb. 63178

Subject_ Group I (Burn-ln/Resistance/Voltage Drop)

Fuse Type - Buss SIPC 10

No. Burn-In Resistance (OHMS) Voltage Drop (Volts)

3 0go ° .\
41.

- - ---

6 o 1 ".\" '
6I

7 1: i 0 ° .,

101

11 OK NA '  -\

12 NA _ _ _ _ _,

13,

14_

isO~j

17.16 Oki# .
17 op Vs I,'

19

A 20 /, _ \2

21 I ....
23 K 1 22/,

;.LtK oo~14 \\



LABORATORY REPORT
No.

Buasszruu- Divit;ion - vl'C(raw-idison Lqumpaiy
St.1.ouis, Mt. 63178

Subject Group I (Burn-Jn/RcsistrncefVoliage Drop)

Fuse Type - Buss SPC 15

No. Burn-In Resistance (OHMS) Voltage Drop (Volts)

1 c KI1

4

5 or:o x

6 o

8 Okio ' '  .\Ott

13 I0{ •t

14 q &'-0

15 k ¢' 0,

19

20 __' _ ,_ .__ -

210
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LA3ORATORY REPORT Appndix

Bussmam Division - McGraw-Edison Coa4any

St.Louis, 1b. 63178

Subject Group I (Burn-In/Resistdnce/VolLagc Drop)

Fuse Type - Buss SPC 20

No. Burn-In Resistance (OHMS) oltage Drop (Volts)

3 41

- 0
6 0 k o.00 4.

8 T£ m o

9 _ _ 01 6

10-

12 OX Vo l

13Ol

14.

15

* 16

17 as

19 o .
o

20 o

21 -- *

;3c, 226_x 4 or_ ., . . . . v " " '- " - - ....- " -1 -,, , .3 +



LABO"AT©RY NDC,, T
P i JL1:,r~ i)ivisio' - , i,. -.- ,E~l A,;., .

Sc.Louit. :,At. 0 L /,i

Subject Group I (Burn -In/Resis tanC/Vc o V Dup)

Fuse Type Buss SPC 30

No. Burn-In Resist_ . Votane _D, : :,_KI I I l I / I I
-' -- -r . . .. . . - -I . -, - _ ; - j . .. . . k- - . .. . i. . -

2

II OK _ _k.--_ ... .. . --"... . . ....- - t .. .__....__ . . .

5 1 IoK1 r I 1 1 ZI [ 0 -1I-.. T

1

i .kIi

12 k I I ,. , - . . .. r . ...j ., . _1 t . _ I - I 
! --

!oI ,I , _! I I:' ~~! _t_

.001+.7

0 k_ I t0
12 __ 06,_ I

17.-1- -- -

i c ! I1 l,. 0 iI /

2 C ti .00 T

22I 'ti - --. .. ----------- --1---_Ok!,,, _ ___ _"',_L _ _ ,_' ... ' ,', ,

I 227
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No.
BLussnuul Divi, io -,i n 

St.Louis, Mjb. kAli"

Subject Group I (Burn-In/Resistance/Vt!j wiuDnpL -

Fuse Type iuss SPC 30

No. burn-In Resistaince -OM It', r "

Loli

j - I ,'

25.. - -

27 ok t o_

t ..... . .. I . ... ... ,-- --- - -- f --

283 - - ': VtI_]-
29 Li

_ i ! I , ixo _..t I _ _

31 0o_

32 - , _ ' I ,oi ,

, PO---4

3

I 000
-Oil

36I±A -LO I 70 T
228

IOK

39.d



LA2-O1ATO,",Y REIYO0RT

No.
Bu~ssnunn Division - A-Graw-Edison Ux,,qany

St.Louis, t'b. 63178

Subject G.roup I (Vi sual and Mechanical Exam ina t ion)
lHs 'r IvlpL' - BUSS SPC 2

m B C D __A B C D)-

)10, .1 4 1.5 IV .230 1-4 1.50NO. __AX MAI_54__MN NO] MAX -_:W, 25 UN_
mI m_ IN 1.54 E

i t3$ ;3 Aa 151 23 1.3101 113 *J.3

2 .3d1 ;zl Ix., 4 __-P 24 13 __ A 2P1 1,S .1

3 1.1 25______

4 1. 30ok J 3 *.00 .o $15 I.5  26 .0 __ 2A. 4

5 it*-a3 1 .Sq 271 1_ ___v .,; 1 110

1.61 I t-SX0  28 1,.3 ___1 ___ ___ __1

8 __1.313 x,24I I Sli 11-50 30 __ _ __,slT15 .a~
9§ ia .3 .41 L 1 . 31 .SO 50A _______

1 0 1,_ j 3 6 1 2.2 3 .,I S O. ~ 1* a 3 24 _ _ _

12 __ - '- 150 324 'J.5__ _ _ _

13 ___ .30s __ I3)- 1  1S 35 t__ 301 >X1 I . 5JSS

14 001 . 1 __ .51 1.553 36 1 6'__?' . 1.541,01.kc

15 IlI .. ~ ,5 37 350 1.54, __ ____

16 1_ .?~ .;'3 .150 51_ L% 38 i3 2p *j _ .

17 ___ 5).f __ .4 *~C UI 39 i. __.k__

18 ___ ,3I1 2,23 P-o 11 5't3 ~Oo 40, t_~.0 ___ 3 .503 s P

21~~ ILL~~ 4
22 1 1.301 1.23 -oi .1$11Lt ~~ .~
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LABORATORY REPORT
Bussmann Divi-ion - McGraw-Edison Conpany

St.Louis, lb. 63178

Subject Group I (Visual and Mechanical Examination)

Fuse Type - Buss SPC 5

A B C D A B C D
_4 1.5 urn .230 24 1.50

NO. __ I_ MAX 5 4 1N NO MAX MAX 25 N __

1 )". ,'13.i,00 231 1-o 1 ...

2 \.1 )1 o SO n1 x-6 24 VIA .5 sy • \-

3. '  .V IV 25 _ p Ix .1.5_ _ . .

4_ IV _ 26 __ ) 555 05 ,~
5 \ \. \ 271 o . ., ._. . \.___ ; \.

6 ,' J ' * 1.5 28 : % 01..- .° ." .

7 " - .*4 \. 0 \.59 29.2 ,_ _ ._ .

9 15 .o . 154* \ 1 31 V 1" \_ -4_ \__

1I 1 .. 33 __ . . . -.-

1 2 \_ . . ._ _ __._ _. 3 4 1_. ._ _ ._ _ _ _. _ \ . _

131 J__ x~__ 1 35 __ _ _

141 -33 - .f %-So- \I,
1  

36_ _ _ _ _ _~ . 5

___ __ ___ P -:2 - __ 
:

_
*  5 ___ 36 '1 ., 'i\. 4.51

15 , 11 1 .6 JP 55 37 ___s __ .312.1 1.1 ~ 1 .

161 • 0 . .' \1

171 11" ,:.l. .35o 10. 611 " 39 .'' .2i'o .1- \,__. ,

18 100_ 1 . 0 . .'i 40 . . %.0- i'
19 I  t.- - 151.s . 41 ol .. .

\_ y\ 1 .2'\50~1

20 -. 0 4 42 \:VI .,2 , \

22 . , . ;o .. 43 X , .; ; ,

230dz .._

230



LABORATOrY REPORT Nppendix

No..
Bussminn Division - IGraw-Edison Comp4any

St.Louis, to. 63178

Subject Group I (Visual and Mechanical Examination)-

Fuse Type - Buss SPC 7-1/2

B C D A B C D
0 1.400 .4021 .50 70 .40 .402 I5

O. MAX U/I MN _O MAX AX .41C MIN

11-M_ 1.4 4_ 1-4 23 __ _ _ __ _ *

2 _ 1vO 1_ ~1 *O24 ___.?, d \A\ ~.%O_10T

3 _ .% 1 .__ 0 ml VI't-. \)41 2 5 VIM .__ .410 .AO v

4 26 __ __ ____ _ .o.
.f 11 , A o k " lt-- 2--5. ,1 .%; ___ A\.4'  

___ ' 27 _ .__ .__ __ . .\ L '

0o __, _,__ .__ . ' 2. 8 _ ,_ .__ _ . - "

7 V v_ J W29 I ___A .4-

8 %.5 _0 __- wt1 _ .o

_ _ _ _ __ ----_.--_

14 __ _.. Vo l .__ \ I$_ __ i___ __ __

13 NO .0 5 \. k'0 35 - .- , _ ,.

14 0 ,' 1 15% p_ _\._ 36V 1 .__ ___ .__ .,_

16 0 V -8 0" 1'5 10 19

18 __ 05~ AA. 40 ___1 __\ _ 5_ 3 __ O I

1 9  . \ l_"  ,v_ _ 4 1 1.40 4_ , _ .. -

20 Oil 14 __S% -16 ___.3 _

22 - v _ {k 44 __3 10 __ __
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LABOPATORY REPORT Appendix J

No. __'-__

Bussnumin Division - McGraw-Edison opany

St.louis, 1o. 63178

SubjcCL Group 1 (Visual and Mechanical Examination)

Fuse Type - Buss SPC 10

B C D A B C D
L700 1.400 1.402 150 -701 .401 .40d 5C
MAX M .410 - IN .NO . MAX MAX .41( Mai

1 __ _ __ -* - k  23 O. _ .55 kI)Io %'tkl \.,ko,

2'. X,-e\ 2 4 _.5 t 1_4_A % 6 0.4

3 V6 _A0to \.MVi\.' 25

_ _-_.. -" - -N- \.- \.So% 26

\.~b W~'V~ 27 ___

6__ \.¢ I- ._\ \.l*6 00% 28

____ "514 AV _~uO 2 9

8 V0---I-201'
9 0_1 _AN 1-- - - - - - - - - - - -31

10 __ __0 __o 3

12 __ 4_ _ _ _

13 \_5A __0t 3

14. \ \ 36
_ , __. .'o' IL----------------------------.

ii 5  . 5\ l \Sl 1 ' 37

16 a . ,- .__ _N_ _. _ __ 38

17 _ \.5 .,_ ,, ,_ 3 9"----

18 R_0_ , _051 __Ot __o 1\r"l ....

19 lS1 P __ 0_ 4,- 1,4

_ _9 )\.Sob. 51±- vw-L - I - -2\2 44
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LABOR1ATORY REPORT
No.

Bussminn Division - HkGraw-Edison (b;,,pany
St.Louis, Mb. 63178

Subject Group I (Visual and Mechanical Examination)

Fuse Type - Buss SPC 15

3 D A B C D

1.00 0 .402~6~ i 0 IX) .40C .402 .1 5
UQ1AI M5I . 4N NO. > MAX .4 .41C_

'L _ -2 _ __ _ AO__J.i'v d

__~~\ 546 __ 2Vw-- -_

5 '.S I -)6 y ; V\  "  27 ~ Ii I
A\* .'\ -S_ 24 si I_ o5 I '0

60

,3 \." 02

14 V5 2% .\ ''£\ 6\"3

5 2_ 7:: 17 k-6\6 ,505 2 .,o .% 914 ~ 56 S\0 ~- -

16 \,ko ,' . ._ \.5\5 41

++'22~ .I __ .' ,'d' , _%
° '  ._l 3, 4I

233
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%Append ix .1

LABORATORY REPORT
No.

liLu;snkunl Division - McGraw-Edisoii Ckxyany
St.Louis, -b. 63178

Subject Group I (Visual and Mechanical Examination)

Fuse Type - Buss SPC 20

B C D A B C D
1.700 .40 .402 500 .40 .402 .5I
. -40 1.410 M N ON I MAX .41NI

_i_ \' ' n"5 ,%011 -. 4 \, 23 .!''' " o S t.%

2 - \ . 1  
*V' 

" ' 24 __4A__ .3 F .q 5 \.1

-'J V__ _ '_ ___ 25

__ ._ ,oAO 1 -  26
5 .'. ' \5 27

6 \_.$J .00 LO, A \O ] 28

7 1-01 -V51 1-0 1 _51 _61 2 9

8 \,641' 354 1.0% ,5to '5 30
8i

10 .5 I. 1o32 1 ,2
11 I-Sa.o 4 , 1 ' ['  33
12 \k ., l .50 l\.S 34

.14 :"5'* " ,u-56 \'5\ 36

1.5 ,7 o-37

16 __ .1,131 -Vol 38

17 _ "  __ '3_ _ '3

18 i..4 ., I, __. 4 140
19 1%04 % " -550 41
F.- .f -0 , .1- e LL. -



Appenwi:,:.:

LABORATORY REPORT
No.

Bussrmnn Division - lkGraw-Edison Company
St.louis, lb. 63178

Subject Group I (Visual and Mechanical Examination)

Fuse Type - Buss SPC 30

B C D A B "C D
0 .400 4021 1.50 1 - 100 .401 .402 1.5 I

No. MAX VAX 1.410 MN NO MAX MAX .41C ME4

312 2 3 V'  '5 6_ k' l "-0 2 4 * I\ .5 o' .0

8 _ _.v .__.__ . ' 24 _o , _ ._ .4%0 5 5 .5 i

9 _ ,_.$> .~ \sa\ 25 _. \. - .\° \'5

4__ .U* 'OV\ 26 "
__ ' , \.50- 

_--,\ _

2 7

-6 00 ! __0 60\ 28 1_ V

-7 1_ ___jP _ \' I 2 29 %.6'5 v_____o

8 ISi_ k__ 5 3 0_ _ ~' _ L~

9 %.) .51 3 5 , _ ~% _ *~'

100m \.v 1,\. "  ,3 2

11 33.

12 \. .15 > , o \. \.6*1 34 \ " JA.,% , o \5 \



Appendix J

LABORATORY REPORT
"- No. _ _ _ _ _

Bu--sTrt-um Drcision - Mr-Graw-Edison GormyNo
St.Louis. b. 63178

Subject Group I (Current Carry Test)

Fuse Type - Buss SPC 2

Test Temperature (See Below)

NO. STRT T T T T

I Io 101 I-y I0

3 3 lilt - iN -13

3 /tq -/i i__ I/q! I/ _

4i J1 i0lo I II II I
5 lo 411 1 1o /o0# lo0 # , 1 1 o0 #

6

1 U _ _ i I- I10 I /

9 1/10 #11 11/0 1 AI1

10 - 10 /__ !I __ /0?1

11103
12 1O '1/o I_00 lo- 1

13 100, 1 /L 0 /00

14(3- Q'103 1 1103 1/03 /0

1 7 1 M 1 1 W I

19 I I I lI

20 YO_ _o 
__ __



LABORATORY REPORT
Bussmu-in Division - 1Graw-Edison Copany

St.Louis, b. 63178

Subject Group I (Current Carry Test)

Fuse Type - Buss SPC 2

Test Temperature (See Below)

N,(. T RT T T T

24 _ 3 1 __ 3 7

L) 2 6 3Y 1 13711 34? 31

27 11 1_4Z 3

28 I * Oq 3

29 Lq

30 37 YO _-

-- j

35 -I-7
36 1 -21 -2 1

L37 -2 -0 -2o -I

__--. -. -

:4 0+ lt-I-t-,I o



Append A .

LABORATORY REPORT
No.

Busb-i-nn Division - Graw-Edison Company
St.Louis, Mb. 63178

Subject Group I (Current Carry Test)

Fusc Type - Buss SPC

lest Temperature (See Below)-

NO. STIRTt T T T

10I7 /Oil -A OI7

fj7 IJ liZ' _l _ / .

117K
I! 17 I17 117 I?/2

114 1 "41 1141 1 II I i
8 1 11o1 11 0 110o 1i /i1 1 61

9I. 31 112U$ 1 123 i 1-211z I1

10o 1141 /141 1 /1 /1q fif

1110 10 A10

2138

14..

16 1_

17

2 1 ~ j_-
2 2  jL __

238



LABORATORY REPORT
No.

Bussmn Division - McGraw-Edison Company
St.Louis, tb. 63178

Subjecc _Group I (Current Carry Test)

Fuse Type - Buss SPC 5

Test Temperaturc (See Below)

NO. START f ' T T

23 __ _.

£2! 4~t , 7_ !# [

543_ -- -_
25 __4, _43 M 43 __j

26 15 f1d .

28 137 13_ ?17il ?'

U 5~_ 4_4 ,4 _32 ....

_-zo -_ __ -16 -,o.0a

35- -17 -? - -

7 - -," - -

36

__ _ __ -1 -I' -__ __ _

3' 8 _ a -_ - .4 _-_

42_ -177
.'. q

43 -. c -
4 2 -a --17. a  -1/,p-

44 ----

239



Apwendix .1

LABORATORY REPORT
No.

Bussmin Division - MrCraw-Edison Company
St.Louis, b. 63178

Subject Grmip I (Current Carry Test)

Fuse T-p - Buss SPC I'

Test Temperature (See Below)

__ TiN~o. STR TT T T

2 1 03 1103 10 /03 10 Io3!

11 /3 11/3 113 - -

___ 4ul __ pia _ _ l.___11/2
___ Itf __ ___ __ Ilo, /I_

6 ___ Io61 /oil 1 ___9 I 1

7o. _ Io /01 1-3 /0.3 13

b __ __ 05 _ ____ 04 1_ 0410

10 - _Io log, 1o5
I__,_I__ _____ta, I I

11 7_1 5 1 1_-:5 _ 115/
12f_ -  II _ 1 "1

14 /0505 -1 w 1

151_ - " i -

16 g_ L ~ i j_ .

18

4,s _ __ _,_ __ __a __

19 47.i
20_ __ ___ 4

21 _ _ _ _ __ q-4 _ _

22

- 240-



AT)iendix I

LABORATORY REPORT
No. -

Bussrmm Division - McGraw-Edison Cotpany
St.Loiuis, MD. 63178

Subject LGr0up I (Current Carry Test)

Fuse Type - Buss SPC 7.,

Test Temperature (See Below)

N O0 . S T,RT IT T, T T IT

23 --. 1 -qz---_

1'5 43-

2 q 45 1 3

29

30

31 0q--59

2 -- 7 -7

33 -d 31 __ -d. -. 11 A

S-3 -- -4 -1?

35 _ _ 
_

'7 Ho 7ql ,x

38 i-/C -- 7 -A -13

'3 -/1 - i3 __ -1-/ -/

41 __ -II 0-/0- __ - - -, _

403 -II -I_ -3 -__-q

41 I_ -g-1 -IO _ -II -

43 -3 -/5 - -/4
41 ___ -? / j -Io -~ f,

2/4 1



LABORATORY REPORT t.

No.
Bussminn Division - L-Graw-Edison Company

St.Louis, Mb. 63178

Subject Group I (Current Carry Test)

Fuse Type - Buss SPC I0 ,

Test Temperature (See Below)

NO. ST RT T T T T T1/10 __ __ IIll_ Iio ____ __

oo 012 /

3l~ 1/4 111_4 1_ IN_ IN ____

o,_ _ ,_ , -a __ ) .-- /,Z4, j0 4

+ 5
5 1 1 120 1.o 112010I

6 lo 1_ rlO 110 110 1 0

8 II _I_ I/_ -//_ is - _ -,

9 q

, l,U 11 S1 ,istI s-I 1 5I/

o 12 .n s- 5- 1.s ¢
+ 13

16 /7 #7

17 _

18 __ -I .- -I - s

19

20 -_ -__ _ _ -1 -.o -.2 -

21 , .1 . -/ ,-/7 -f , - ?

22 -.
.1 t- J. -4 .,2 - l-



LABORATORY REPORT
" No.

Bussmann Division - Mcraw-Edison Qxxpany
St.Louis, Zb. 63178

Subject Group I(Current CarrJ Test)

Fuse Type - Buss SPC 15

Test Temperature (See Below)

:4O. ST RT T I T T T T

3 I;.3 /.2-3 1 12?3 11 .1-31 1 1231
____ 4
1 IU _

+ 5

8 I _ 1 /1 4. 11 4

9 1 7 6-5 i-S £5 __

10 s1 5-71 -5 --- 1"5

o 12

1 57 15 S s7 _S7

+ 1 3 1_ 4 4 . 3 1

14, .. S.5"_ , .5"7 57 ._

15 97q7 qj . 7 5

16 C0 -05 50_

17 1 11 - -

181 - _+--1?_

19
20 + __I +_9 ...... -/ - t

f) - -

22 -

1.3 Al 243 "$ -7.24 +3, f1



LABORATORY REPORT Appendix

No.
Bussmram Division - McGraw-Edison Ccpany

St.Louis, Mo. 63178

Subject Group I (Current Carr7 Test)

Fuse Type - Buss SPC 20 .

Test Temperature (See Below)

i I i

NO. ST RT T T T T I- 2
1 I/ HL /it 117 /17 lo/ 1 _.

2 !,r Ills 115'i5!/
2 4,

3__ 11/17 __ __ 1/71 //71 // !

W1 1 A/241 i.24 lad I S
00 l1.L I ___ ut /ig ji

+ l 5

6

P7 12 - 17

14

15 __,_ _/ ____ ,8 7 __

16 [I[ 9 , lK
71--? -9

18 -7 _ - -_ _ -/o ' -n ..

19 - 1-3 _ _3 -I -I J
20 -7 _7 -_ -? I-/

' -'- o - - - - -_ - _ _ - I
+21-- .13 _-/ 2/_ j*

-4 !?? 1 leg 1 -1 -

2.hf +1 244 ,. -

lle



LABORATORY REPORT
No.

Bussmn= Division - MCtraw-Edison Company
St.Louis, Mb. 63178

Subjcct Croup I (Current Carry Test)

Fuse Type - Buss SPC i0

Test Temperature (See Below)

RT IT

:o. ST iRTfT T T T jT

2 11 -110 11 11 1

SO 1,201 1201 1 120

), 7 -- ,_ .H3 - 1.3 /-3 l13

I 10 I I JAi l.2

121 _1 W30 jI ILL1 .LL1

7 __-_ 1.14_ _ /
9. 112 fI UII15I I11

_ _ _ ./ a' a la- - - -!

144 1l_ , 1 .1a? 71 1 l I

12 .l30 Q/1l /I. I ? 13-j

14 1 I._3 113 11 4
157

169

*20 Ll4l yI .!IAI /

21 __ z 1_ __ 1 1_ _A1 - -1 1

245
1/041 /a *1 10.51 /41 11/0



At~punU I× .J

LABORATORY REPORT
NO.

BLI' ,-3a1U Division - Mc(raw-'dison ( uN .---y

St.[ouis, tb. 63178

Subject Group I (Current Carry Test)

Fuse Type - Buss SPC 30

Test Temperature (See Below)

NO.. START T T T T T
23 1a Iq 941 74 17
24 1 O e I, 051l

24
2 77 1 ge Io0-1 01 o~

26

27 __ _ _ _ _ 10
28 Iq7 15_ 1
29 19? ~lf 71
30 17 ?7 71 V ?7

II I30Ii -.2 3 Al 1 -313___j __ 3.2 q3.5-"

32 __ 3C -- 42 _3

U4 53 5-4, 5-9 60

35 I ,2.4 
,

36

C 37 11-7 ! 9 10a ,2.3 i,
38 1371 1-;, 1/ YOi

39

40(l____4 _____ 7__ __ __1 ___z ._ ____
4 2 7 1 37 I q_

42y~
341 1 .1/ 7 1 3 3 1 39 I

44 3 ,3 IV /.lY

246
-t



Append ix

LABORATORY REPORT
No. _

Bussm nn Division - Mcraw-Edison Company
St.louis, 1). 63178

Subject Group II (Terminal Strength) __,

Fuse Type - Buss SPC 2

NO. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS

1 I1 1f I FI L 1~
2

3

4

5 4

15

16,

17

19

20

22

31 - - - - - - - I Iz
32

33

34

35

36

3 7

3F ~ 247



Appendix J

LABORATORY REPORT
No.

Bus6m~uin Division - ,tGraw-Jkl!Fori q).aivy
St.Louis. b. 63178

Subject Group [L (Terminal Siringth)

Fuse Type - Buss SPC )

NO. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS-

1 k I I..k i.

, 2 ,_- - - - - -

3 _

4 __ 17111~'~ - ....ii
S5

16

17 -

is

21

22

'3 2

33 I I

34

117



Appendix J

LA3ORATORY REPORT
No.

Bussmann Division - McGraw-Edison Company
St.louis, lb. 63178

Subject Group II (Terminal Strength)

Fuse Type - Buss SPC 7-1/2

40. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS

4

5 __

Iii

16

77-----1----------

19I

201

21

221
31

32

33

3 5

-------- ---------------- .... t...



Appendix J

LABORATORY REPORT
No.___ _Bussuann Division - >kGraw-Edison Cmnpany

St.LxWuis, b. 63178

Subject_ (roup It (Terminal Strength)

Fuse Type - Buss SPC 10
wA

NO. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS
1__ _ __I . .....

2 J___

3 _

4_"--------..
6

7I

9 _ I
.10 _

12 1

15 __

16 1_

17 _ -

19 _

21 _

22 __

24 09250 I



Appendix .1

LABORATORY REPORT -

No.

Bussnnn Division - WGraw-Edison Coiupany
St.l~ouis, b. 63178

Subject Group 1I (Terminal Strength)

Fuse Type - Buss SPC I

NO. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS

I I' I

2

3

4

5
6 1 1 1

7_

8 __f---','f7

" I-- - - -------- -
10

11

12

1 3

141 - -

16

17

18 1

19

20 .

21

22 - - - - - -

24 6 251 OK



App4,Jnd× , X

LABORATORY REPORT

No. _-
Bussmarm Division - McGraw-Edison Corpany

St.Louis, Mb. 63178

Subject Group II (Terminal Strength)

Fuse Type - Buss SPC 20

NO. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS7 _ - o -

2 _I

3

-4 _

5 _

6 _

7 " I

9

10 '__

12

13 ' , , -

14

15

16 _

17 _,.

18 ,,

19 __

20 _

21__

2 2 _ _ 1

24OK 252



Appendix

LABORATORY REPORT
No.

Busz.,mui Division - W-Graw-Ftii-;on Wiq).taiy
SL.lzui:;, 'i). 63178

Subject Group li (Terminal Strength)

Fuse Type - Buss SPC 30

NO. ALONG TERMINAL AXIS PERPENDICULAR TO TERMINAL AXIS

I_ I I I I I

2 , _

3 _1

_ - - ....-.. ..T.
7 _ __ -

4,

15

6

151 1 1

16 ''

18

1 9 -I

21

22

31 z Izzzzz

354- - - , - - - -

35

0 . 253 16K



L/u~c;ATI~ F71, ?GKZ Anilcidix

Bussm "i Division - Comaray..-.ison &x'pany
St.Lnuis, Lb. 63178

Subjcct Group II (Overload lnterrunt/1n;ulation Resistance)

Fuse Type - Buss SPC 2

Test Temperature (see below) INS ILATION
(ASo7. ' A- KESrSTAN C

NO. 200' 400% 1000% 30(0 0/ /,ifc Olq

___ I__ __ ____

1 17.4 Sc I -2' - 100... .
__ .... ,I-------------- Lj

,? 
____

3 _2ro Sec__

0.1 4 Jo00 f

+. .5. . qo F . .000 . ..

r In
C~~5 __ -- -- - -000 f

.....1 9.. ..
+ 2i -.. . ' - -- °it ..... SE .I - I- -t . 1-

- ____ -H P___ __ 1 '0001t22 ! vs .0',4 ,

2 254 .031 /

31j 93-ii1 
_

33!2--j 000

3254



Bus stmn Division - ~:-""~ No.
B- .:Craw-}ui Division Conpany

St.Louis, "b. 63178

Subject Group II (Overload Interrunt/In';ulation Resistance)

Fuse Type - Buss SPC 5

'rest Te r eratu (see below) INSLATION
e~oi Ac 6;o f. A,) 0 (J40-7. A,,) ( 4,.o. ~ TOfal ,7 R ES I ST','.C E

NO.- 200% 400% 10 3000 -0ie OiiMlS

" _ _' _s , .... iI_.

-a . s Iao
4SEC /06_ __.. __I

-+ 5 SEC, 10

7 .-- -- o3 E 100 t _
8 .033ioot

Y_ O jSEC-

7~ !3.o sWV - ii +

2u l II .. ....

211
'-loI t_.

[221 .00-1 ! -
- 3- 13.3 sAJ c.

32 5
J2? . 1 ..kr " i t, -

. 3! 3.1yn

L 253 .



T Apound -
ix I

No.
Bus+z'inr Dive., ion - >.'Chr' r-:- di son ('a' ; ariy ._ _

St.Louis, ,b. 63178

Subject Group TI (Overload Interrunt/Insul~it ion Resi,;tance)

Fuse Type - huss SPC 7'.,
Test Temperature (see below) I St'I,ATION

NO. 200% 400% 1000% 300)"- OHMS

1 IS APO-- - - - - - - - - - - - - - - - - -

2 - - 0-K]

3 __4 _, 2.iscc~f

7,I 5"-, - -
0 41 11. 7J a<-1

7 1 ,o__ __c lt_ __ __

+ /0 t o' +s

13s, _-,fc 100 -.

ii !37 +/oo¢ "t
17E I .I

--y .,,,i,,; __ ... 0,,
+-+ + II _ _+_JI

U 1 I ----

a_ ,i i K I ,I __L[;33 .. 0. . -- "
211 1+ - 0, 51 1 S + LC C,+ :

__..., I +1371 ...L LL_ Lb
.3. .. -3 .. ..... ..

e-- 2 51

33-1 - ...... . ... ..

38 256.0 oo-



LABORATORY REORT Aqwrid x

Bussmuin Division - McGraw-Edison Conpa v

St.ILuis, Ib. 63178

Subject Group II (Overload Interrupt/Insulation kejistancc)

Fuse Type - Buss SPC 10

Test Tenperature (see below) ' %ISULAI ON
( 1. (7. A--- RESISLAs Ci:

NO. 200% 400% "1000% 3000i' ,d6 OHMS

I __ SEC 1o

o 4 ' 3.q7 __-[

+ 5 SYS c_ '

6 ,.7 .. .073 3oe,. 40

10 10 1211 , - -. - - - ,*~~ - - ..

I ' ' q
+ 13 ,-- -- - -- -- - _s : c&sc!,.. ,eLC __ __ I I

14 __ - - -- - - - 34JEC /0"

15 .6-- - - - - -416 . 4.0

17
' 18 1 7/t1

C--)1, 9. . - - .
0 20 s!&

' 21 cc- ..

22

23 257 ,aac 7o
24 257.IJ 0



LABOR1ATORY REPORT
No. _

Bussmni Division - MtGraw-Edisoa Co:i;niv
St.louis, Mb. 63178

Subject Group II (Overload Interrupt/Insulatiun Resistance)

Fuse Type - Buss SPC 15

Test Temperature (see bulow) INSULATIO:NE
973% 4cr)RESIS'T,%;CF

NO. 200% 400% 10007 3000% / ,A OHMS.-...-
2 __ .. ... . .... .. .... . ......

3 177 SEC __ f_

o 4 1_ 3.17 POO

+ 5 1 . 2 - 6 /& --

6 1.s1 •1 +-

7 ..... .o7? J , low fi

8 1 ,*71,, 3so

1It
10 _ _ _ ___

LI,
+ 13 1 .-- -4 14 s --

15 _ I

16 ..o7..r _, 2

- 17 1 30 iE c-

, 18 _ -.lO J l _

u- ;1 _ _ -_ _ ....

o 20 _. _ _I_, l

21 _z3 Sc2zz _

22 77 +_

23 1 J'

24 2S8 .60



LABOR1ATORY REPORT ''

No. K
Buszrnrin Divi:;ion - M&kGraw-Edi:.on Conql.aiy

St. Louis, n). 63178

Subject Group II (Overload Interrupt/Insulation Resistance)

Fuse Type - Buss SPC 20

Test Temperature (see below) INSULATIO'
('a)01- Ar--P) (3157. r 610 ~o-7. A~v-J A RESISTANCE

NO. 200%1o 400/ 1000% 3006% -qSC- OHMS

1 41 II'i7TJ
2 /0 +

3 1"0 ,
o 4 5C . +o

+ 5. l l lo+

6 .537 I+ .

7 I -__ _ _ _ _ _._

8 J{e ,t_L 13
- 9_ _3 _ _d_ iboi 1

10 30 -- I
11 I42. S~j Io JO&.O -

0 12 3-.5 1 o 0.

" 1 3 , 7 .1 Sj 0 .. .

161

141
16 ,. - - - _ o72 _ _ __ __

S18 1'3 _ - -+ _

L19 .70 y~

0 20 t ooiI
S 21 __ __ cI,, '

22 .,

23 25 .00 O. f ,] V
24 259 .O05 .1



L f..............T Appendix -1

No.

Bus;sivi-un Division - G-- " ( .-pany
St.Louis, 63178

Subjcct Group 11 (Ovcrload Interrun t/ Insulit i n Resistance)

Fuse Type - Buss SPC 30

Test Temperature (see below) I NSU LAI G[O)N
-4 97. 347. RESISTA:;CF

NO. 200% 400% -3- ,e ,ME60ji'-, S

2 +

3 .74 Sc 1,1ooo+ I
.7?j 11 _ 000+

7 !O OSEC! Ow)!l f-_

I I I i, ,I I / ! iI I ! Lfol I! LOII .., __ __ -------- -- N ---ff -
_ _ 1001

- __ ___I _-i -1 I oII
- - -.. -- ._z_.M .t 1 /IL +t1 / A" S.fI I -t ; I i-,<

17 _ 0LJf

1 9 - -.- c4 . . .. 4- - .... . r -- , - - -- -

21 [03 I

2 220

22~~~S ilf."-__

- .z .- . . . ' " .'l I.

I II __ I I-r-.'-.-.i-, i--v

32 +_ _ - -. r

2- *542sE c !

3 8

30 --. 911 L~rA



Appendix J

LAUORATO RY REPORT
No.

Bussnunn Division - 'cGraw-ELison Company
Sr.Louis, rb. 63178

Subject Group III (Short Circuit Test/Insulation Resistance)

Fuse Type - Buss SPC (Ampere Rating - See Below)

Ac DC-
NO. A.C. TEST D.C. TEST INSULATION RESISTANCE (OHMS)
9 OKI  . I ok + /1+ , ..

23 _,43 e /00+ /000 f-

24 U 401 -, _T _+O !_ -f_

<25 0 r l-O- f

39_ Oki-- - - - - +-- - -
40 P-- -- - -- - -

FZ- .-'rH10 __ 1" 4---0~ 1lo o [~~Fo, ;F o I-rM;oo

102 OkI JA0 JV4. 1O0k ...

( A / •f- 00 00--4_ 2 - - /0o 011

Ln 2 5 ) 4f. o r /000 + 4 -

26 OKIL140

261
261



Append;ix J

LABORATORY REPORT
No.

Bussmnun Division - 1,(;raw-Edison 'onq)iuiy
SL.Louis, b. 63178

Subject Group III (Short Circuit ''esL/Insulation Resistance)

Fuse Type Buss SPC (Ampere Rating - See Below)

A4 C ,.
NO. A.C. TEST D.C. TEST INSULATION RESISTANCE (OHMS)

F7 K r_74QO JOO4
r- 0I 11001+

2~ Soo Io24 ki) I 1060+ - wrt

4 25 00f-

23k 000 +I4 f f

39 . o l--

_ _40 11160

23 OK .00 140 1-23 OK 441 __ -- 4.1 +

C) I

S25 A" Les

26&4q/0/&l

40

-------- ~i -- -- -- --W II

262



Appendix J

LA3O2ATORY REPORT
NO.

BssiTui Division - ,cGr.-w-dison Conany
St.liuis, >b. 63178

Subject Group V (Overload Interrupt/Insulation Resistance)

Fuse Type - Buss SPC (Ampere Rating - See Below)

Test Temperature +25°C INSULATIJN
- ~RES ISTA, CEA

NO. 200% 400% 1000% 3000% R SGTAC IM S

27 ,, -. . o

+28

30 
+ '- .l. if

29 -- I- PA -

30 "oS Sst.I

2726

L 29 _ . A .. . . I

30- -

27 loot -.

<4' 23 1oo

29 :S' Se- 6 C

263



LA, ©2ATGZY RECR

No.
BaLsslm-m Division - , . ' T ( :,

St. Louis, '4. 631 /6

Subject Group VI (Current Carrv ivCjjicit.) _-

Fuse fype - iiuss SPC (Amvre ",;it in-' ;.e.t- Bclow)

Test Temperature +25 C

NO. ST RT . IT -I I , T ! i ,

11 5r C, %I I IG

12

S12 16% 7 1 -To 7 o

11) 170 7c7

13 (0 7,

14 f..__

12 %__ "_ 10% 10 %-

13 1\ 01 1
14 Clos I9 . 101

2264

i C. .. . . . . I [ i) -m l I . . . . . ... . ' - I I I -



Appenu x -i

LABORATORY REPORT
No.

Bussnn Division - I-raw-Edison Conq xny
St.Louis, -b. 63178

Subject Group VI (Overload Interrupt/Insulation Resistance)

Fuse Type - Buss SPC (Ampere Rating - See Below)

Test Temperature +250 C INSLLATI£
I RESI STA: C

NO. 200% 400% 1000% 3000% OEe0ME

12+
13 loa I

12 . . . . .

+

13 4- A. .

14 .o4 !

4-
10 'c .

i++ +

12 emu
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Appendix J
ENVIRON LABORATORIES, INC. ENGINEERING REPORT NO. 12649
4 August 1983 Page 1

Prepared for: BUSSMANN DIVISION

McGraw Edison Company

P.O. Box 14460

St. Louis, Missouri 63178

Subject: SHOCK TEST

1. ABSTRACT

1.1 Object

Subject Bussmann Division fuses to a Shock Test as re-

quested in Bussmann Division Purchase Order No. E47270.

1.2 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.

2. UNITS TESTED

Four of each of the following fuses: SPC-2A, SPC-5A,
SPC-71A, and SPC-30A. The units of each model type were
assigned serial numbers 41 through 44.

3. 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.

4
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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 2614B, 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-7JA'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-7 A
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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4 August 1983 Page 3

4. INSTRUMENTATION, PROCEDURE AND RESULTS (Cont'd)

4.2 Procedure (Cont'd)

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 carriage. Shock
waveforms were nominally 100 g in amplitude, 6 milliseconds
in duration, and were of terminal-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.

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.

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.

20
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4 August 1983 Page 4

Photographs of Test Set-up

10

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.

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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4 August 1983 Page 5

Index to Photographs of Shock Wavefoms

Vertical: 20 g/division
Horizontal: 2 ms/division

Units Photograph No. Orientation

SPC-2A and 1 Leads up
SPC-5A 2 Leads down

3 Longitudinal, S/N's read down
4 Longitudinal, S/N's read up
5 Lateral, S/N's right side up
6 Lateral, S/N's upside down

SPC-71A and 7 Longitudinal, 7j: S/N's read up
SPC-30A 30: S/N's right side up

8 Longitudinal, (opposite of #7)
9 Lateral, 71: S/N's upside down

30: S/N's read up
10 Lateral, (opposite of #9)
11 Leads up
12 Leads down
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Photographs of Test Set-up

Photograph No. 1 Photograph No. 2

Photograph No. 3 Photograph No. 4
(3 dro ps executed, only 2 recorded
due to oscilloscope triggering
difficulties)
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Photographs of Test Set-up

Photograph No. 5 Photograph No. 6

-L "r -&
Photograph No. 7 Photograph No. 8
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Photographs of Test Set-up

Photograph No. 9 Photograph No. 10

Photograph No. 1 1 Photograph No. 12
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ENVIRON LABORATORIES, INC. ENGINEERING REPORT NO. 12649-2
28 July 1983 Page 1

Prepared for: BUSSMAN DIVISION

McGraw Edison Company

P.O. Box 14460

St. Louis, Missouri 63178

Subject: SALT SPRAY TEST

1. ABSTRACT

1.1 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.

1.2 Conclusions

All units exhibited some tarnishing of the metal and a
small amount of whitish corrosion on the metal. portions.
The 30A and 71A fuses were subjected to 100 percent of
their rated current for one hour with no apparent damage
to the units.

2. 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-7JA fuses (#27, #28, #29,
#30), and four SPC-30A fuses (#27, #28, #29, #30) for a
Salt Spray Test per MIL-STU-202, Method 101.

3. TEST REQUESTED

Subject the 16 fuses to a Salt Spray Test in accordance with
Method IO1D 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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4. INSTRUMENTATION, PROCEDURE AND RESULTS

4.1 Instrumentation

Salt Spray Chamber, Associated Environmental Systems
Model MX9208, Environ No. 504-012

Digital lnermometer, 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, Ranye: O-1OA, Environ

No. 230-003, Last calibration date: 2 June 1983
AC Ammeter, Weston Model 904, Range: O-50A, Environ

No. 230-050, Last calibration date: 12 July 1983
Biddle 100dW 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 150 from the vertical. The 5%
salt solution was mixed and its specific gravity and
pH were checked and adjusted to confom 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 ml 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 soray exposure, the fuses
were rinsed in running tap water not waimer than 100'F.
Each fuse was examined for corrosion, warping, cracking
or other electrical or mechanical damage.

Following a 24 hour drying period at room ambient con-
ditions, the 71A and 30A test units were subjected to
100 percent of their rated current for one hour.

4.3 Results

All 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. ENGINEERING REPORT NO. 12649-2
28 July 1983 Page 3

4. INSTRUMENTATION, PROCEDURE AND RESULTS (Cont'd)

4.3 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 7A 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.
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Prepared for: BUSSMANN DIVISION

McGraw Edison Company

P.O. Box 14460

St. Louis, MIssouri 63178

Subject: MOISTURE RESISTANCE TEST

1. ABSTRACT

1.1 Objec

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-71A fuses (#10, #12, #13,
#14), and four SPC-30A fuses (#10, #12, #13, #14) for a
Moisture Resistance Test per MIL-STD-202, Method 106.

3. TEST REQUESTED

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 RESULTS4..

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
down. The fuses were wired so that the polarizing voltage
would be applied between the fuse insulation material and
the terminal ends.

Before placing the test units in the humidity chamber,
they were conditioned in a drying oven at temperature of
50±20C (122±3.60 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±20C (149±3.60F) in 21 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, -20C (770F +18, -3.60F)
within 21 hours and immediately raised to 65±20C 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 21 hours (Step 6). The 250C,
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,
except that at the end of Step 6 of the 10th cycle, after
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4. INSTRUMENTATIO_NPRO.CEDURE AND RESULTS (Con'td)

4.2 Procedure (Cont'd)

1 hour at 250C, 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 moisture resistance exposure did the
leakage current exceed I amnere.

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
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 terminal end.

ia
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