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A Circuit Protection Leader

Littelfuse is committed to the automotive industry, and that commit- -

ment is the key to Littelfuse’s leadership in automotive circuit protec-

tion. It promotes the growth of our technology, solidifies our partner-
ships with customers around the world, and strengthens
our assurance of quality from product design and manu-

facturing to delivery and service.
Technology

With leadership comes responsibility. It has become our job to
forecast the future of automotive circuit protection, and we take that
job very seriously. No other manufacturer has impacted the growth of
circuit protection technology as much as Littelfuse.  Littelfuse holds
170+ patents on circuit protection devices, more than all the other

fuse manufacturers combined.

With an engineering team made up of the world’s
top circuit protection designers, an Advanced
Materials Lab devoted solely to the explo-
ration of new technologies, and a worldwide
sales staff in close contact with automotive
manufacturers around the globe, Littelfuse is
driving the future of circuit protection. Whether
it is alternative power sources, electronics applica-
tions, or unique accessories with special needs, Littelfuse is
developing the solutions today for the challenges you will face tomor-

row.

Partnerships

Our commitment to the automotive industry is apparent in the way we

view our customers - as partners. Littelfuse has strategic partner- o . ) ) . )
Quality is essential in circuit protection. It is not just a word. Itis a

ships with every major automotive OEM, working with their designers . o .
factor that can impact the safety and economic viability of those using

to find out exactly what they need and provide them with timely, effec- . . . . .
y y P v our products and their customers. Littelfuse is built on a tradition of

tive and safe solutions. Littelfuse’s engineering staff is always ready ) . .
quality and has earned a reputation for product reliability and exem-

to help you with “Quick Fixes” to your circuit protection dilemmas, pro- ) ) ) .
plary service. We design our fuses to meet the highest expectations,

ducing specially designed products that meet your needs right now.
9sp y 9 P 4 9 test them to exceed all required standards, and work towards reduced

cycle times, improved productivity and zero defects.
With sales, service and distribution centers in the United States,

United Kingdom, The Netherlands, Brazil, Korea, Philippines, Mexico, ) . : . .
With our entire worldwide operations ISO 14001 certified, QS-9000

Singapore, Hong Kong and Japan, and manufacturing facilities locat- L . e
gap 9 9 P 9 and TS16949 certification attained by all our facilities in North

ed throughout the world, Littelfuse is a global circuit protection ) )
America and Europe, Littelfuse takes extra steps to ensure that we

provider. Our worldwide reach confirms our ability to partner with ) )
are ready to meet the challenges ahead. With the largest selection of

customers in every automotive market, as well as an international o ) ) L
circuit protection products available to the automotive industry, and a

assembly of suppliers who demonstrate an ability and commitment to . ) ) .
commitment to developing new technologies, sustaining mutually ben-

support the quality we promise to our customers. . ) . . . .
eficial long-term partnerships, and continuously improving quality,
Littelfuse is the circuit protection provider of choice for automotive

OEMs around the world.

Visit our web site at www.littelfuse.com
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MINI® Fuses )

MIAXI® Fuses

ATO® Fuses

JCASE® Fuses

MIDI® Fuses

MEGA" Fuses

®

MINI™ 42 Fuses

MAXI® 42 Fuses

The Littelfuse Quality Policy

JCASE® 42 Fuses

Littelfuse is committed to being sensitive to customer expectations and to providing quality products and services

at a competitive price. In support of this commitment, Littelfuse will:
T
PAL Fuses

Encourage quality awareness and quality performance in all associates at all levels of the Company through
management leadership; EV/Flises

22
Promote the participation of all associates in making individual contributions to the quality improvement . .
Autemotive Electronics: 23
process;
Support continuous quality improvement by providing our associates with the necessary training, tools, and Fuseholders 2

information feedback to enable enhancement of the quality of our products and services;

Special Products

Develop relationships with suppliers who consistently demonstrate their ability to fulfill quality, price and deliv-

ery objectives that are mutually beneficial; and,

Fuserullers

Build quality into our products and services, striving for zero defects in everything we do, thereby reducing
cost and increasing Total Customer Satisfaction.
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Fuseology

Introduction

The purpose of this Fuseology section is to promote a better
understanding of fuses and some of the more common applica-
tion details. The fuses to be considered are current-sensitive
devices which are designed as the intentional weak link in the
electrical circuit. The function of a fuse is to provide discrete
component or complete circuit protection by reliably melting
under overcurrent conditions and thus safely interrupting the flow
of current.

Types of Overcurrents

An overcurrent is any current which exceeds the ampere rating
of wiring, equipment or devices under conditions of use. The
term “overcurrent” includes both overloads and short circuits.

A. Overloads
An overload is an overcurrent which is confined to normal
current paths. An overload occurs when the current
exceeds the value for which the wires or equipment are
rated. This can happen when too many devices are con-
nected to the circuit, or when a device connected to the cir-
cuit malfunctions in a way that causes it to draw higher than
normal current, usually in the range of one to six times nor-
mal current. Sustained overloads eventually overheat circuit
components. Therefore, fuses must open circuits experienc-
ing sustained overloads before damage occurs.

B. Short Circuits
A short circuit is current out of its normal path. It occurs
when accident or malfunction creates an unintended path for
the electricity to flow from the battery or alternator to ground.
This shorter, more direct path to ground bypasses the resist-
ance normally offered by the wiring and devices connected
to the circuit. With virtually no resistance left to impede cur-
rent flow, the voltage forces higher and higher current to flow
through the wires to the point of the short. Under such a
condition, the current will quickly build to such a high level
that the heat generated can cause insulation to burn and
equipment to be damaged unless the circuit is opened
through the use of a fuse.

Fuse Selection Parameters

Since overcurrent protection is crucial to reliable electrical sys-
tem operation and safety, fuse selection and application should
be carefully considered. When selecting fuses, the following
parameters should be evaluated:

A. Voltage Rating

The voltage rating, as marked on a fuse, indicates the maxi-
mum voltage of the circuit for which the fuse is designed to
operate safely in the event of an overcurrent. Therefore, the
fuse’s voltage rating must equal or exceed the available cir-
cuit voltage where the fuse will be installed. System voltage
exceeding the fuse’s rated voltage may result in fuse dam-
age. The voltage rating is 32 volts DC for the MINI®, MAXI™,
ATO®, MIDI°, MEGA® and CABLEPRO® Fuses.

B. Interrupting Rating
The interrupting rating (also known as breaking capacity or
short circuit rating) is the maximum current, as stated by the
manufacturer, which the fuse can safely interrupt at rated
voltage. During a fault or short circuit condition, a fuse may

receive an instantaneous current many times greater than its
normal operating current. Safe operation requires that the
fuse remain intact (no body rupture) and clear the circuit.
The interrupting rating is 1000A @ 32 volts DC for the MINI,
MAXI, ATO, and JCASE fuses, and 2000A @ 32 volts DC
for the MEGA, MIDI, and CABLEPRO Fuses.

C. Time-Current Characteristics
A fuse’s time-current characteristics determine how fast it
responds to different overcurrents. All fuses have inverse
time-current characteristics, so opening time decreases as
overcurrents increase. Time-current characteristics are pre-
sented graphically on standardized “log-log” paper. Figure 1
is a sample time-current curve for the MAXI Fuse series for
fuses rated 20-60A. Current values increase from left to
right, and time increases from bottom to top. The average
melting time for any current can be determined from the
curve. For example, from Figure 1 it can be determined that
a 20A MAXI Fuse experiencing an overload of 100A will
open in about 0.5 seconds. At 40A, the same 20A MAXI
Fuse would open in about 15 seconds.

Time-current curves are also used to compare fuses of the
same series but of different current ratings. Suppose it was
desired to compare the opening times of 20A and 60A MAXI
Fuses at an overload of 100A. From the curve in Figure 1,
one can see that the 20A fuse opens in about 0.5 seconds
at 100 amps, whereas the 60A fuse does not open until
about 100 seconds.
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Figure 1: Average Melting-Current Curve for the
MAXI Fuse Series (20-60A)

Visit our web site at www.littelfuse.com



Fuseology

It is important to note that time-current curves give only
average melting times and are presented as a design aid but
are not considered as part of the fuse specifications.

The term used in fuse design that describes how rapidly a
fuse responds to various overcurrents is the fuse’s “character-
istics.” Automotive fuse characteristics are determined by the
fuse’s degree of time delay. Initial or start-up pulses are nor-
mal for many automotive applications and require fuses to
have a time delay designed in to enable them to survive
these pulses and still provide protection against prolonged
overloads. Fuses such as the MINI® Fuse and ATO® Fuse
have a moderate degree of time delay, whereas fuses like the
MAXI™ Fuse and MEGA® Fuse have a high degree of time
delay which enables them to handle high inrush currents like
those caused by motor start-ups. Figure 2 compares sample
time-current curves of a 30A MINI Fuse to a 30A MAXI Fuse.
To see that the MAXI Fuse has more time delay than the
MINI Fuse, compare their opening times at an overload of
100A. Despite the fact that the fuses are the same rating, the
MINI Fuse opens in about 0.1 seconds while the MAXI Fuse
opens in about 2.2 seconds.

When selecting a fuse, the start-up pulse should be defined
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Figure 2: Average Melting-Current Curve Comparing 30A MINI Fuse

to 30A MAXI Fuse

and then compared to the time-current curve for the fuse.

Current Rating
The current rating is the maximum current which the fuse can
continuously carry under specified conditions.

1.  Normal Operating Current
The current rating of a fuse is typically derated 25% for
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operation at 25°C to avoid nuisance blowing. For exam-
ple, a fuse with a current rating of 10A is not usually rec-
ommended for operation at more than 7.5Ain a 25°C
ambient.

2. Rerating for Ambient Temperature
The current carrying capacity tests of fuses are per-
formed at 25°C and will be affected by changes in ambi-
ent temperature. At higher ambient temperatures, a fuse
will respond faster to a given overload. Conversely, at
lower ambient temperatures, a fuse will respond slower
to a given overload. In addition, the temperature of the
fuse increases as the normal operating current
approaches or exceeds the rating of the fuse.

A MINI Fuse operating at 25°C and 110% of rated current
has a minimum life of 100 hours. However, if that same
fuse were operated at a very high ambient temperature,
rerating would be necessary. Figure 3 is a sample tem-
perature rerating curve for the MINI Fuse. The following
example shows how to use such a curve.

Suppose there is a normal operating current of 15

amperes in a particular circuit, and the ambient tempera-
ture will be 105°C instead of 25°C. Which MINI Fuse rat-
ing should be used? From Figure 3, the percent of rated
current to be used at an ambient temperature of 105°C is
88%, so:

Ideal fuse rating = Normal operating current

Temp-rerating factor x 0.75

= 15A
0.88 x 0.75

0

5

-40 -20 0 20 40 60 80 100 120 140

Ambient Temperature (°C)

3: MINIFuse 297 Series Temperature Rerating Curve

= 22.73A
Therefore, a 25A or larger MINI Fuse should be used.

Transient Overcurrent Considerations

Transient pulses of inrush current are commonplace in vehi-
cle electrical systems. The transient overcurrent pulses affect
the life of automotive fuses.

¥ Littelfuse  °
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1. It Figure 4 shows how I%t of the pulse can be calculated
I’t is an expression of the available thermal energy from the graph of the pulse current as a function of
resulting from current flow. With regard to fuses, the time.
term is usually expressed as melting, arcing, and total Figure 5 is a graph of the pulse cycle withstand capabil-
clearing I’t. The units for I’t are expressed in ampere- ity of blade fuses. Because electrical pulse conditions
squared-seconds [A%s]. can vary considerably from one application to another,

Melting I’t: the thermal energy required to melt a spe- 1000000

cific fuse element.

Arcing I’t: the thermal energy passed by a fuse during

the arcing time. The magnitude of arcing I’t is a func- 100000
tion of the available voltage and stored energy in the

circuit.

Total Clearing I’t: the thermal energy through the fuse 10000
from overcurrent inception until current is completely
interrupted. Total clearing I’t = (melting It) + (arcing It).

I’t has two important applications to fuse selection. The 1000
first is pulse cycle withstand capability and the second

is selective coordination.

NUMBER OF PULSES

2. Pulse Cycle Withstand Capability 100
Electrical pulses produce thermal cycling and possible
mechanical fatigue that could affect the life of the fuse.

3 sigma confidence limit
= Actual # of pulses

For this reason, it is important to know the pulse cycle 10
withstand capability of the fuse, which is defined as the

number of pulses of a given I’t value that can be with-

stood by the fuse without opening, assuming that there

is sufficient cool down time between pulses. 01
RELATIVE It

WAVESHAPE FUNCTION AND VALUE Figure 5: Pulse Cycle Withstand Capability for Blade Fuses

application testing is recommended to establish the
ability of the fuse design to withstand the pulse condi-

¢_|I | i= k. tion.
~'c

=t | Ft=ict 3. Selective Coordination
. In a selectively coordinated system, only the fuse
_ b o immediately on the line side of an overcurrent opens.
¢i + I=Ic kt Upstream fuses remain closed and undamaged. All
ot | 12t = (1/3)(ic?+ipictipAt other equipment remains in service, which simplifies
locating overloaded equipment or short circuits. In
Figure 6, if a short circuit arises behind fuse #1, fuse #1
tic i=igsint should open and fuse #2 should stay closed and
e t | 12t = (1/2)|CZt undamaged. The condition necessary to assure this

result is that the minimum melting I°t of the supply side
fuse (fuse #2) must be greater than the total clearing It

tic i =+ kt of the load side fuse (fuse #1). This condition results in
|<— t *l 12t = (1/3)|C2t
FUSE #2 SUPPLY SIDE
tic) | i = kt?
e il 12t = (1/5)ic%t
FUSE
#1 LOAD
— L SIDE
M\- i =ige-t/t
|:t»| = 12t = (1/2)ig2t
Figure 4: Evaluating the I’t of a Variety of Current Wave Shapes Figure 6: Selective Coordination for Fuses in Series

6 Visit our web site at www.littelfuse.com
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the load side fuse opening before the supply side fuse voltage drop across the terminal. The voltage drop across the
begins to melt. Minimum melting and total clearing I°t left terminal would be V5_4 and the voltage drop across the right
data are given in this catalog. terminal would be V_3.
IV. Voltage Drop Across Terminals V. Skiving Process
A fuse is only as good as the system in which it is used. One In order to provide predictable fuse opening characteristics, it is
aspect of the electrical system that has considerable effects on necessary to have tight fuse element resistance control during
the performance of the fuse is the quality of the connection the manufacturing process.

between the fuse and the cable it protects. High voltage drop
across the fuse/terminal interface creates additional thermal
loading, which in turn causes shifts in the time-current character-
istics of the fuse. Table 1 below gives the maximum recom-
mended voltage drop per terminal for automotive fuses. Figure
7 indicates the measurement locations used to determine the

The resistance of electrically conductive material is determined
by the formula: R=pL/A, where p is the resistivity, L is the length
of the material, and A is the area of material cross-section. Ais
determined by the thickness T and width W of cross-section
area. The thickness T is the parameter to control and adjust

with least variation compared with other parameters’ adjustment
MAXIMUM RECOMMENDED . .
VOLTAGE DROP PER TERMINAL in resistance control.
TYPE [mV]
ATO® FUSE 30 Littelfuse accurately controls the thickness and resistivity of the
MINI® FEUSE 30 fuse element by using a skiving process in manufacturing.
MAXI® EUSE 30 Skiving is the removal of a precise amount of material from a
MEGA® FUSE 15 strip of that material. During fuse production, a coil of material is
skived and the fuse element is stamped from the skived section.
Table 1: Maximum Recommended Voltage Drop per Terminal Figure 8 shows the coil of material and the skived section. The

SIECINI@INF7AS/A

Figure 8: Coil of Material with Skived Section
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Figure 7: Measurement Locations along the Fuse/Terminal/Cable \
System Used to Determaine the Voltage Drop across the Terminal )

Resistance

Figure 9: Resistance Spread - Skived vs. Unskived
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skiving process ensures that each fuse is a calibrated device. Maximum Recommended Continuous Current
Figure 9 is a graph of the resistance spread with skived vs. -
unskived showing the increased accuracy provided by skiving. Max. Continuous Current (A)
Wire Size At 25°C At 80°C At 105°C
VI. Diffusion mm? | GaugeNo. GXL(1) = GPT(2 GXL(1) = GPT(2) GXL(1)

Diffusion Pill Technology is a mixing of molecules, atoms or crys- 0.3 15 10 11 4 9
tals in the solid, liquid or gaseous state. Diffusion Pill Technology 05 20 29 15 16 6 13
is often used in the design of fuses for automotive, electronic and 0.75 o7 29 20 7 17
industrial fuse applications. 0.8 18 31 2o o3 7 19
“M-effect” is the method of diffusing one metal into another to 1 16 33 23 25 9 20
form a new alloy with a lower melting point. Littelfuse uses the 1.5 43 30 33 12 27
“M-effect” to produce three very desirable characteristics in fuse 2 14 50 36 37 14 32
designs: lower melting temperature, time delay, and lower voltage 2.5 60 42 45 15 38
drop. 3 12 68 47 51 18 42

4 80 56 61 22 50
By affixing a diffusion pill tin to the element, the melting tempera- 5 10 90 65 68 23 58
ture is decreased. This decrease in melting temperature reduces 6 103 73 78 28 64
the fuse rating. In order to reestablish its original rating the fuse 8 8 125 87 96 30 79
elements’ cross section needs to increase. An increase in cross 10 146 103 111 40 90
section increases the blow time at higher overload condition. A 13 6 170 120 129 47 105
higher degree of time delay enables a fuse to withstand higher 19 4 221 156 166 61 137

current inrush pulses. This increase in cross section reduces the

overall fuse resistance and voltage drop. (1) = General purpose cross link polyethylene insulation wire with a

maximum insulation temperature of 155°C.
VIIl. Match Wire Gauge to Fuse
In order to protect wiring under all overload and short circuit con-
ditions, it is necessary to standardize the fuse and wire selection
process.

(2) = General purpose thermoplastic insulation wire with a maximum
insulation temperature of 90°C.

Fuses have controlled opening characteristics, and each wire
gauge has its respective current carrying capacity. Fuses need to
be selected to always protect the wire insulation from damage.

In the selection of wire gauge at various ambient temperatures, it
is important to consider the worst case or highest ambient tem-
perature for the application. Wires derate to a much higher
degree than fuses, because wire insulation temperature capability
is affected much more severely.

For further reference, there are specific application guides available.
Please consult the nearest Littelfuse sales office if any additional
application information is needed.

8 Visit our web site at www.littelfuse.com






