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Study on Fusing Characteristics of Low Melting Metal Fuse-element Composite

Device for Secondary Battery Protection Systems

Eun Min Kim

Department of Metallurgical Engineering, The Graduate School,
Pukyong National University

Abstract

Secondary battery based on energy storage device may cause a fire or an
explosion due to micro current change in addition to the situation of
short—-circuit inrush current, and safety can not be secured with a general
passive operation limit current type fuse. Therefore, it 1s necessary for the
protection device to satisfy both the limit current type operation in the full
short—-circuit inrush current and the current detection operation characteristic
in the small current change situation. For this operation, a fuse for the
current detection type secondary battery protection circuit can be applied. In
addition, the secondary battery may cause a fire and an explosion in a
temperature rise condition not accompanied by a change in current, which can be
a serious Injury due to a danger occurring during use of the portable
electronic device. Therefore, a current control protector is required for the
temperature rise of the secondary battery during the use of the portable
electronic device, and the resettable protection device using the bimetal 1is
superior in operating speed and temperature sensitivity as compared with the
general PCT device.

The first purpose of this study is to develop a protection device that can

safely operate in a wide range of abnormal current and state by operating in

_iv_



high risk of large capacity secondary battery through the design of low melting
fuse elements alloy of current sensing type fuse design. Second, the material
and structure of the Fe-36wt% Ni Invar alloy and the thermal expansion pure
metal of the bimetallic resettable fuse are designed so as to secure the safety
of the portable electronic device applying the small secondary battery. The
experimental results showed that the I-T and V-T operating characteristics were
satisfied through the design of the alloy of the current sensing type
self-contained low-melting fuse elements and the exothermic resistance. That
1s, the current sensing operation terminal characteristics to prevent the short
circuit over—current and the micro current change of the secondary battery and
the fuse protection terminal operation characteristics in the complete short
circuit state can be secured and the safety against the abnormal current
generation can be ensured. In the case of Sn-Bi alloy and Sn-Ag-Cu alloy with
relatively low temperature, it was not possible to apply it due to the
temperature problem in the automatic PCB mounting process of small and medium
secondary battery. But the safety can be secured in a wide range at the large
capacity secondary battery. In case of protection device with temperature
sensing operation, it is possible to realize various operating characteristics
at a desired temperature by adjusting the thickness of pure silver and pure
copper bonded by plating to the invar alloy. Thereby preventing accident of
temperature change and micro current change. In addition, the range of
operation stability was confirmed by checking the I2T value, and the necessity
of the main protection device against the current inflow exceeding the
operating speed range was confirmed. The experiments, the design of the
protection system to secure the safety of the secondary battery based energy
storage system, which is a new power source system, and the direction of the
safe circuit and parts design for the protection device application were

suggested.
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Table 1. Hazardous operation type and protection system of secondary

battery

Abnormal
condition

Contents

Protection system

Over-charge

When the voltage of the single cell
becomes higher than the specified
voltage, charging stops

BMS cell balancing
protection operation

Over-
discharge

When the voltage of the single cell
becomes lower than the specified
voltage, charging stops

BMS cell balancing
protection operation

Micro current

Micro change in the amount of inflow
current due to partial circuit short

Micro current change
detection operation

change circuit (105% ~ 125% of rated current) breaker
Charge and discharge current
Open short interruption when the drive circuit is Secondary battery

inrush current

op)en short-circuited (total resistance 0
Q2

protection fuse

Current interruption for overcurrent .
Shccgﬁrg;{er flowing when total resistance drops due fpggguct protection
to short circuit
Cell Charge discharge operation is Resettable fuse
temperature interrupted due to cell temperature and (TCO)thermal
rise internal cell temperature rise detection
Olgle%gtoﬂgge Fire due to overvoltage inflow by lightning arrester or
inﬂowg outside lightning Surge absorber
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F ala ¢bdS 93 ala Rz o=z [ECY MIL standard 59 ¢Hd ¢1Z&

WEA] whetol S, wjitel] Qb1 FAe] Al WEo R AMg I Y.

Table 2. Detailed scope of electric appliances subject to autonomous safety
check (related to Article 3)

Classification (by group) Item name \ Details scope
1. Wires and power cord No target

1) Thermostat
2) Thermal overload
protection device

2. Switches for electrical Control device for electrical | 3) Automatic pressure switch
equipment equipment 4) Timer and Time Position
5) Electric drive motor start
relay

6) Energy regulator

3. Power Capacitors and

Power Filters
4. Accessories and fittings

for electrical equipment
5. Parts for protecting

electrical appliances (fuses | No target
and fuse holder breakers)

No target

No target

A. High frequency welder 1) High frequency welder
6. Isolation transformer . . . 1) Electric welding machine

B. Electric welding machine .

2) Pistol-type arc sealer

A. Fruit peeler 1) Fruit peeler

B. Potato stripper 2) Potato stripper
7. Electrical equipment C. Electric grinder 3) Electric grinder

. Others . Others




Table 3. Details of safety management of electric appliances

Related
Laws

Main Category

Detailed classification

Safety
management
of electrical

appliances

Article
Article
Article

Chapter 1: General
Provisions

1 Purpose

2 Definitions

3 Detailed scope of electric appliances,
etc. subject to safety certification

]
Article
Article
Article
Article
Article
Article
Chapter 2: Safety

Certification Article

Article
Article
Article

Article

Article

Article 4 Retest of Safety Certification

5 Pre-grant of Safety Certification No.

6 Withdrawal of Safety Certification

7 Disqualification of Safety Certification

8 Factory Inspector

9 Factory review omitted

10 Confirmation of Safety Standard

Conformity

11-1 Test exemption of safety standard

11-2 authorization of manufacturer test
result

12 Factory inspection standard, etc.

13 Change of Safety Certification

14-1 Change of manufacturer safety
certification authority

14-2 Notification of Safety Certification

Article
Article

Article

Chapter 3: Autonomous
safety report

erc.

Article

Article

Article

Article

15 Provision of autonomous safety
confirmation report number
16 Confirmation of Safety Standard
Conformity
17-1 Exemption from one-off safety
confirmation test
17-2 Approval of manufacturer test
results
17-3 Independent safety report of
battery
18-1 Confirmation of autonomous
safety confirmation report
18-2 Notification of notification of
autonomous safety confirmation

Chapter 4: supplier
conformity

verification etc.

Article

18-3 Confirmation of compliance with
safety standards

_10_




Article 19 Self-inspection regulations

Chapter 5: Self-inspection Article 20 Self-inspection method
Chapter 6: Exemption from | Article 21 Object of confirmation for exemption
safety of safety certification and
certification and self-safety confirmation report
declaration of Article 22 Confirmation of implementation of
autonomous exempt items such as safety
safety certification and self-safety
confirmation confirmation report
Article 23 Notification of changes in safety
standards
Article 24 Investigation of Marketed Products
Article 25-1 Special Survey
Article 25-2 Criteria for evaluating companies
Chapter 7: Follow-up Care with excellent self-inspection
results
Article 26 Safety management education
Article 27 Confirmation of unsuitable products
for safety inspection
Article 28 Composition of manufacturer council
Article 29 Indication of safety certification
Chapter 8: Marking of Autonomous safety confirmation
Electrical report Indication such as supplier
Appliance compatibility check
Safety Article 30 Display Period
Certification Article 31 Display Method
Article 32 Electromagnetic Wave Indication
Article 33 Standard for detailed safety
Chapter 9: Detailed Safety application

Application Article 34 Detailed scope
Criteria and Article 35 Detailed scope of equivalence
Detailed Scope | Article 36 Detailed scope of multi-type air
conditioner

Chapter 10: Administrative | Article 37 Improvement period of administrative
Procedure disposition

Chapter 11: lé]sgsgca] Article 38 Member of Technical Committee for
Technical electric Appliances

Committee

Article 39 Members of the Expert Committee

_11_
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High voltage fuse
Rated voltage : AC 1000V~

Low voltage fuse
Rated voltage : AC 400V ~1000V

% ** IEC 60268
Miniature fuse

Rated voltage : AC/DC 12V ~300V
**IEC 60127

Fig. 2 Application of fuse specification
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IEC60127-2
Ceramic type

IEC60127-2
Glass type

IEC60127-3

(@) XS
1500A

(b) RS
35A

(C) XHCHE S 150A

|(c) XHEEE T 35A

Fig. 3 IEC-60127 Specification Main fuse type
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Table 4 Liit test condition of Rechargeable battery fuse

TEST Condition Standard
[EC 60127-4/
100% Rated current 100% Over 4hr
UL248-14
. EC 60127-4/
200% Rated current 200% under 1min
UL248-14
. . . EC 60127-4/
Breaking capacity 1000% no mechanical damage
UL248-14
120% Rated current 10ms on / EC 60127-4/
Turbo boost
101ms off UL248-14
100% Rated current 100s on / EC 60127-4/
Low temp storage
100s off UL248-14
Low voltage heater operation Melt within Imin X
High voltage heater operation Melt within Imin X
. -10C low/high power
Low temperature operation ,, , X
melt within 1min
. : 85 low/high power
High temperature operation o : X
melt within 1min
Heater Resistance Different on rated current X
Fuse Resistance Different on rated current X
Tensile strength Minimum 3N X
High Temp Storage 100°C 6hr rest lhr X
Low Temp Storage -20C 500hr rest 1lhr X
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Fig. 15 Structure of Mordey s “Cartridge fuse”
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Table 5 History of fuse development

Years Fuse development

1774 “Edward Nairne” First test of fuse

1879 “Silvanus Phillips Thompson” First design of fuse

1879 “Tomas Alva Edison” Safety-guard

1880 “Swan” psed tin foil for fuse and a strip of this was
jammed between two brass blocks.

1881 patent of safety-guard

1887 Using a “fuse” official name

1890 Development of limited fuse “cartridge fuse”

1902 Development of low voltage fuse

1912 Founded of Siemens Brother Great Britain

1927 Founded of Littelfuse
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Fig. 20 Inner structure of sample for test
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5.4 Unit : mm

2.4

LCP Plastic case

Fig. 21 External dimension of sample

Table 6. Alloy component of fuse element

Component(wt%) Melting
Test Alloy point
Pb Ag Sn ()
Pb-Sn-Ag 86 2 12 309
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Fig. 22 Surface mounting process temperature profile of PCB
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Fig. 23 Analysis of metal structure and EDS contents with low melting
point fuse elements
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Fig. 24 Result measurement of resistance for fuse according to
elements thickness
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Fig. 25 Current operation characteristics I-T curve of a current sensing
type fuse
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Fig. 26 Current operation characteristics I-T curve of a current sensing
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Fig. 31 Secondary battery protection circuit with resettable fuse
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Rising Temperature
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Fig. 32 Fundamentals of bi—metal motion
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(a) Bi-metal (b) Assistant plate

(c) Switch plate (d) Bottom plate

Fig. 33 Inner structure of a sample
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Fig. 34 Operation of resettable fuse
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Fig. 35 Result of a resistance determination test

_86_

11



TIME(sec)

-Hl- Plated Cu 10pum bi-metal
-@- Plated Ag 10pum bi-metal
10 .
15
0.1
0.01 Ll L T L T r LI | | Ll U I Ll Ll T LI} |
1 10 100

AMPERE(A)

Fig. 36 I-T curve of resettable fuse
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Fig. 37 Comparison of I-T curves between a limited current type fuse and a
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Fig. 38 Comparison of I2T curves between a limited current type fuse and a
resettable fuse
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Fig. 40 Structure photograph of bi—metal junction
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Fig. 45 (@) ~ (c) Secondary battery accident process by complete short

circuit, (d) Fire occurrence
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Fig. 49 (a) Experimental large capacity secondary battery, (b)
BMS short circuit point
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(b)

Fig. 50 (a) Complete short—circuit check, (b) Random current
to BMS
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Table 7. Alloy com ﬁé'fl_'; of fuse element
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Fig. 51 13-cell 48V 100A secondary battery for electric bikes
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Fig. 53 Micro—current change — Immediately stop operating
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(a)

Fig. 54 Short-circuit over—current flow

- 115 -



CASE 2 CASE 3 ; CASE4

1400
1300 4
1200 -
1100 4
1000
900
800
700 4
600 4
500
400 4
300
200 4
100] m—m—
0 t+——7—<]
0o 1 2

Ampere(A)

Case number

Fig. 55 Trend of abnormal current generation in large capacity secondary
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Fig. 56 Analysis of metal structure with low melting point fuse
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Fig. 57 Limit current operation characteristics I-T curve of a current
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