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Stabilization Temperature Coefficient of Resistance and Thermal

Electromotive Force for Improving Senses Accuracy of Shunt Current Sensor

Mi Ra Son

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

Abstract

Recently, due to the rapid development of electric vehicle and energy
storage system, it is emphasized for battery management system to be
needed and to be improved. BMS carries out various movement for
optimization the use of the energy and safe use of secondary battery, these
movement of BMS start at high wattage shunt fixed resistor which performs a
function for detecting current among the BMS components. In addition, for
the safe operation of secondary battery, the reliability of current voltage
variation detected from shunt should be secured, and for corresponding
characteristics, the quality of Temperature coefficient of resistance for BMS
shunt and the quality of Thermo electromotive force all must be excellent.
For these reasons, this study comes up with the stabilization plan for thermo
electromotive force and temperature coefficient of resistance of BMS shunt

resistor which is key to secondary battery operation.



In this paper, we prepared metal alloy resistor with stable thermo
electromotive force (thermal EMF) as well as low temperature coefficient of
resistance (TCR) by adjusting manganese composition of 3 to 12 wt% in the
Cu-Mn-Ni alloy. Composition of the metal alloy fabricated was investigated
using energy dispersive X-ray (EDX) analysis. TCR of each sample was
measured as 44.56, 40.54, 35.60, and 31.56 ppm for Cu-3Mn-2Nij,
Cu-5Mn-2Ni, Cu-10Mn-2Ni, and Cu-12Mn-2Ni, respectively. All the resistor
samples were available for the F grade (£1% of the allowable error of
resistance) high precision resistor. All the samples satisfied the baseline of
high thermal EMF (under 3 mV at 60 oC), however Cu-3Mn-2Ni and
Cu-5Mn-2Ni could satisfy the baseline of low thermal EMF (under 0.3 mV at
25 0C). Finally, we could design and fabricate the metal alloy resistor of
Cu-3Mn-2Ni and Cu-5Mn-2Ni with low TCR and stable thermal EMF at the

same time.
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Flow of positive charge

I
' ACH+
Current Inpurt "
Rshunt v
ACH-

Fig. 2 Current distribution using shunt



Fig. 3 (a) a sensor based on a magnetic hall and
(b) a sensing resistor based on a current-sensing
shunt resistor



Table 1 Comparison of Shunt—-based and Hall-based Sensing Methods

Characteristics Shunt-based sensor Hall-based sensor
Accuracy Very accurate(0.5%) generality(1.5 %)
Linearity Not needed correction Needs correction
Off set Zero off set Needs correction off set
Tolerance Excellent (*)ljglyeor)ance(Max. Sensitive to strar}rf]ertr;e]lsgnetic fields and
[solation Impossible to isolate Basically isolated in (3~5kV)
Insertion loss Low (50~250 1 Q) Very low (K100« 2)
Band width Medium-high(1~100kHz) Medium-high (1~50kHz)
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Fig. 3 Structure and materials of welding high-power shunt



Table 2 Shunt standard metal(Germany)

Alloy(Brand) Name MANGANIN
Material Code 2.1362
T.C.R between 20C and 50C -10 to +10ppm/C
T.C.R between 25C and 125TC -20 to +20ppm/C

Mass components in % average values of alloy components

Cu Mn Ni

Rem. 12 2
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£ ‘ Resistor element ‘

. 7 )
Spot welding M Ceramic Rod
| Lead wire
*1| Cap
N 4
‘ Epoxy or Silicone coating
| ;
p- . & =l Resistor element ‘
< Ceramic Rod
Lead wire
= = — ] Cap
‘ Epoxy or Silicone coating <Plate type resistor>

<Film type resistor>

<Wire wound resistor>

Fig. 4 Structure of fixed resistor
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Increase
Rated power

Resistor series production

I«
I

Destermination of Rated
voltage = (V)

(\V)=Resistor all test
[EC-60115

Set min/max resistance range

Rated power arbitrary designation

3

Lower Rated power

Test Result

Test failure

Test pass

After repeating the test procedure, all tests have passed the
maximum or minimum power

Pass in all resistance ranges

Fig. 5 Rated Power Determination Process of Fixed Resistors
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Table 3 Test results of fixed resistor rated power determination

Tigh

Rated power S.T.O Load life Rated load ~ Humidity load temyl)gégture Aég}?gfg%%rsic
1w OK OK OK OK OK OK
2W OK OK OK OK OK OK
3w OK OK OK OK OK OK
4w OK OK OK OK OK OK
oW OK OK OK OK OK OK
™ OK OK OK OK OK OK
10W OK FAIL OK OK OK OK
15W FAIL FAIL OK OK FAIL OK
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Rated power 0.25W
Rated power 0.5W

Rated power 1W

Rated power 1W

Rated power 2W

Rated power 3W

Fig 6. Change in rated power according to insulation
ceramic size

Table 4 Typical alumina composition ratio

Components Low AlxO3 High Al,O3 Special Al,O3
AlyO3 85~88% 95% 99.7%
SiOg 7% 3.3% 0.1%
MgO 1.3% 1.2% Less than 0.04%
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Fig. 7 Sensing principle using current distribution shunt
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Fig. 8 Sense FET circuit diagram using sensing resistor at signal
level
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Fig. 9 Current sensing method using earthing ground of amplifier

_21_



2.3 BMSE AF Euld HE 13 AF7| o|&

DolxdA] g Al A
H oAb A o] &Y Zo] Ht 600A°] ©]=3 10T 7|
HES] AFEQIE Yl TollA Ade] AAdo]l 275w dAe] T.C.R 20ppm/T

A HE AF g5 Faol Y eFHI AN W FLHom

ol)
HU
offt
)
)
i

T.CRY oA 3StAlo) o]& #o=w dotdt} AT A3 F59 A4+

1940d el 7erE Cu—12Mn—2Ni(Manganin ©]3} @ W7Fd) A 57 =4

#oolFel AdAd Ayt g "o, A= T.C.RO| 20ppm/T<l 3
—an

>_A

T w&ol M e A
HE T.CRS dit A% V& 42 25T~125C7HA A@Wss S4she
Zio] 7ol Xk, HEAFES] &AFE 7]Eel wE 0T~100T, 0T~60TC (°]
AN S AL aqtel we WA

(3) 8} ol AAksto] A g2

4 90 Hgox, aAe WA 5 R HEASS A58 £ Ax F

AxE GgAT?.

Rl : 1A
R2 @ 1A A&7
=4

Tl :

_22_



uE Ame] A HatE AT 545 4
e M T 2% EAolY, B F&52 2% Agdd meE AFoe] et
T Azl diste] Ado] atetete 540 9l
TEE A= s AT RE o|Fo] 2 HAolF
o} AEEE 7HAARE 7194 A5 At S7kE delydA el ga A7k
ol FH il Ak AzbElel AR k= Ao} FESH HAle] A =
7F Zaskal olF kel AEETE vtolA A Fo]l FrhebAl ¥tk EejE [Tt
MEAFGS 53 v dFol s dd7s AF=5] T.CRE st HE
oA Har, A5 A o w gk HFe Bujsko] tha

‘3

2] wystA| Hek,

o

=

2)YF oL AX 9 9|3

ESS olUXAAF NAHOZ AgHT e old g olAaA F

ole AAE el AP $uP BGF JUA Bt B AFE A
&

oz WS 5 = FANOR dste] A& bsd olAAA

ic)
i

ol

!

T A 7

FERY Qo) SRk o]k A UF Ao Aot W 2% dAsHA /A

| oo|xAA o] ey FHS WolA A Hal, AME F o)A A

Tl A A &A1 541} Fzko]l HkE o 7 <ldle] o EFhA] oke {9l

ot & Aol A&E F qlom, shAjel F
i olojd 9ol qlrt.

olefst g FAHE WA fste] Wiy el AlAH(Battery

Management system : ©|3} BMS)2 A7] AFaF A|A" 4 oy x] #44+

2l oM oz A o] ol | A AbgS A3 shaL, /b $4 S s

rir

&

had

-

o

1o
=
o)
51m
=
[-'N
2
=

o
iy
rlo

_23_



g% oY 744 N5 sawth o)F BMSe] 84 oqelet & & Sl of
AAA ] JHE AL B A9 AG B A, AF 5L 9@ 7 2F
A9 $0A49 WelE g eTHE F4A A wa), 7
o #% 274 BSS @ AFAE oA H¥S fAGRE AT 5L

S P4 FE F AR AT A 5 He ody HE 173

IFA Rl 8= o]abxx 9] BMS & T

i
N

AC)
R
i
iE

2% BM

2
o
~
=
>
>
)
i,
v
5,
0
—
o
flo
ﬂJO
¢

o
WA AR7E 49 2 A BMSE EFE HE 14 AF/E Fa S| ¥
A SA Hv, Fig 119 o] 54 49 @yie] 918 Agt oldow 4%
g A A9 AR AGS Bl Aoj el WA T4 o] AL, o
3o ey EAe B4 7 AS Fig 129 T8 o] o A oA

=

AHEEA e 8% BB 40 8% BIA A4S Aas TS AAY
N
T

5 9lo] ARA O olAMA ] £ dAHE A% AT

3)BMSo| A MEZQ] &

=
BMS A4 7FA o] WHOo R AlgEE AEE 1AALVE & AF B4,

_24_



S 2] PCBell A% H+= de7F ofd BMSS PCBe} A3k
s glut.
BMSOl 44¥= HEAZE 44 824t 2748 54 dngoz g

welPAw gAAo] ook ahv, ARHoR ARET Hula] da AT

= 749

Frt

Ak e UWHARI ME AFex= a7HA] e d71dged g @zt
AGFE5 AR Aol AFA?, o)F F&te £1 HPo R AR

W g 3} (Seebeck Effect)el] ok Ao o]F o=z A7y @HAstA # ),

o
of 7eol AAs e7FE FuHkstAl Hol @7|d¥ (Thermo Electromotive
Force: ©|s} EMFEA)S Agte] Qs A% A4 (Temperature
Coefficient of Resistance: ©]3} T.C.R) 2} 7] BMSE HE #g2o] A
Q7 EAow dAedcH?,

_25_



Current sensing = R T
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Command «—| gz;rsttur |
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Fig. 10 BMS module configuration block diagram of High capacity
secondary battery
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Fig. 11 Cell-balancing movement of high capacity secondary battery
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Fig. 13 Structure and module of fixed resistor for BMS shunt
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Table 5 Composition of the metal manufacturing

Al Component Weight percent(wt%)
r Cu Mn Ni
CulOO0 (terminal) 100 = L
Cu—3Mn—2Ni 95 3 2
Cu—5Mn—2Ni 93 5 2
Cu—10Mn—2Ni 38 10 2
Cu—12Mn—2Ni 76 12 2
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Fig. 14 EDX analysis for metal alloy resistors; (a)
Cul00, (b) Cu-3Mn-2Ni, (c) Cu-5Mn-2Ni, (@)
Cu-10Mn-2Ni, and (e) Cu-12Mn-2Ni alloy
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Fig. 15 Internal organization analysis of electron beam welding

parts

_34_



102.0

-l- Cu-3Mn-2Ni

101.6 1 -@- Cu-5Mn-2Ni
1012_ 'A' CU'10Mn'2N|
61 100.8 1 Tolerance +1% line
E 100.4 e /A/A\\ /A
S 000 A% R T A ek B T e S ; *
- ' H-E- l,\‘\,l— ml.“,l - l\.,l.\- . P
L] 996 @0 0.5 0.0 “g-O- Py -9
o . °- :Zo ® .\./. .,ok.,o R
X 992

08.8- Tolerance -1% line

98.4

98.0 :

I ! T I I I I I I I I I I I I I I I !
12345678 9101112131415161718192021
Sample number

Fig. 16 Resistances for each metal alloy resistors

3.2 Ad A3

A8 A3 Fig. 179 7o) 3wt%, 5wt%, 10wt%, Mne] *23t¥ Cu—Mn
staolMdeE 247 H¥EF  T.CR  Ho  47.56ppm/C¥  44.55ppm/TC,

_35_



40.48ppm/ T2 AFLEAZ7E SR oM, £F HE AFow A P50
AFEE D Qe Wb Cu—12Mn—2Ni =<2 T.C.R H+ 30.11ppm/TCOo =
74 A2 540 JE} Mne) §eel Wl mel g% T.CRo| w4

A9 A2 HE Fig. 189 ¥3F el wet 7 A5 T.C.Ro| W3}H
T Fols dehdiglon, RE ARoA BMSE AEAT S Fiehs
T.C.R 50ppm °]&tE Rt AF |8 ex7t Fa(F1%) 44 AAF
o] A#re] 7bsstty. 53] @Al A48 AME <9 Cu—12Mn-2Ni 7hde o]
22 #HA T.CRol £20ppmlE A Al#Fl HAES] AVl &Xof &

A9 AP AT APl -85 A¥ = Fig. 209 @i,
EMF 542 2§ olatdx e BMSel weh A& 25T e 2ol 4

4
48 B4 B NG 245 60T o 2EelN B s

rir

_36_



il

o Ay

54

EMF

I Cust FAFEZE 7 7o, &%

A0
1 =

A 7

W

Ax7E A4

i

4%9)

ol

ol

ol
e

o
o
ol
jmat

J_.NO

Mg 2% e

al

Z]

1

oA e F4 %o Aol ofF

i

Zpolef ¢

tol EMFS

S

l

e
= [e)

e

i ¢-g# el T.CR¥Y EMF

3]

&

oy
ol

A7) AEE Fig. 23 e

=
L1

Fazgel u

elch 232 FE Cu-3Mn—2Ni

=2 Cu—5Mn—2Nig=o] & A9

SH
H

A7t o]

_37_



100.8

-H- Cu-3Mn-2Ni o-®
- —."
-%- Cu-5Mn-2Ni .,..
100.64| _ @ ¢y o re
@®- Cu-10Mn-2Ni *
- A - Cu-12Mn-2Ni ° e AA-A
— - Y ,‘ /‘“"‘—
C 100.4- .,.-. ® AR =
= o e ¥ A -
T ¢, o° a7 _-m
Q _:, -— 1:1 - ‘:-_./
9 100.2- Aﬁ‘_ A7 _-gAE «
T Min. T.C.R : 30.11ppm/°C ¢ Ll / R
.‘E 5 ." #, - N *-—*~*
wn 100.0 S =g e N/
g .—l’-".". * kK *
2 Max. T.C.R : 47.56ppm/°C
99_ 8- g
e KA
*\ /*
*
99.6
J 1 T T T
20 40 60 80 100 120
Temperature(°C)

Fig. 17 Trends of changes in the resistance due to a change in

temperature

_38_




50

]
45 \"\.
) T
o404 @ [
£ \
o
2 35 ®
o
(_j 30 [ ]
=
N /‘
»
204 "
15{ | -@- Theoretical T.C.R of Cu-Mn alloy
- - Test results
10 , ,
5 10 15

Composition of Manganese in Copper(%)

Fig. 18 Resistance changes with the T.C.R between 25 to 125 C for
the Cu—-Mn alloy composition

_39_



3.0 }

-H- Cu-3Mn-2Ni |Measure of High thermal EMF : 60°c!
-%- Cu-5Mn-2Ni +
2 54 | -@- Cu-10Mn-2Ni |
-A- Cu-12Mn-2Ni /‘ '
|
S A
= 2.0- . !
= Measure of Low thermal EMF : 25°C |
g A I
= ; / I
(% | 1 1
W45 | ol & i
: -/ |
| 49 i |
A
2 104 \*” :
= 1
I ®
A I —o I
0.5+ I /. i */l
\ e B i !
A . /.___ * m—m
—a= _—_-..:= -‘Zi——i—l—’.‘—l"_ ]
0.0 T T T
0 20 1 40 6l
Temperature(°C)

Fig. 19 Voltage changes with the temperature for thermal electromotive
force average

_40_



Fig. 20 Therma EMF test equipment
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