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(67)  An estimation method for SOC of lithium iron
phosphate power battery packs, include: 1, selecting a
secondary battery (A) having characteristics of linear re-
lationship between terminal voltage and SOC1; 2, con-
necting the secondary battery (A) with lithium iron phos-
phate power battery packs (B) in series, 3, repeatedly
detecting values of the SOC1 and values the terminal
voltages Ua of the secondary battery during the second-
ary battery is charging or discharging, fitting a formula
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(1) between the SOC1 and the terminal voltage Ua, the
formula (1) being shown as following: SOC1=K1*Ua+M1
(1); 4, obtaining a formula (2) between SOC1 and SOC
of the lithium iron phosphate power battery pack:
SOC1=K2*SOC+M2 (2); 5, by formula (1) and formula
(2), obtaining a formula (3) for calculating the SOC of the
lithium iron phosphate power battery pack, the formula
(3) being shown as following:
SOC=Ua*K1/K2+(M1-M2)/K2 (3).

X2%

SOC

0% 20% 40% 60%
(¢)

v

80% 100%

FIG. 3(¢)

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 006 950 A1
Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This disclosure relates to lithium iron phosphate power battery field, and more particular, to an estimation
method for state of charge (SOC) of lithium iron phosphate battery packs.

Description of the Related Art

[0002] In order to address energy crisis and slow down global warming climate change, many countries have begun
to pay attention to energy conservation and develop low-carbon economy. For using electric to drive electric vehicles,
carbon dioxide emissions of electric vehicles can be reduced or even zero, therefore electric vehicles are being rapidly
developed in many countries. However, the cost of batteries is still relatively high, performance price ratio of batteries
are the main bottleneck for electric vehicles. However, lithium iron phosphate batteries become ideal power source for
electric vehicles because of long life, good safety performance, and low cost.

[0003] According to development of electric vehicles, battery mange system (BMS) is widely applied. To maximize
the power performance, improve usage safety, prevent overcharging or over-discharge, and longer battery life of the
batteries, and improve the performance of electric vehicles, it is requires the BMS to accurately estimate the battery
state of charge (SOC). The SOC is an important parameter used to describe charging or discharging capacity during
the batteries working. A lot of facts are relative to the SOC, for example, temperature, charging or discharging condition
at a prior moment, polarization effect, and life of batteries. For its strong nonlinearity characteristics, it is very inaccurate
by a real-time estimation method for the SOC of the batteries.

[0004] Currently, estimation methods for the SOC mainly include open circuit voltage method, ampere time integration
method, internal resistance method, artificial neural network method, and Kalman filter method, etc. For open circuit
voltage method, it is need quietly place the batteries for a long time to estimate open circuit voltages, therefor it is not
suit for real time estimation method for electric vehicles. For internal resistance method, it is difficult to estimate internal
resistance of the batteries and also difficult to design hardware to measure the internal resistance. For artificial neural
network method and Kalman filter method, they also do not have advantages because of complex system and high cost
when applied in BMS. Therefore, ampere time integration method is usually used because of it simpler than open circuit
voltage method, internal resistance method, artificial neural network method, and Kalman filter method. However, dis-
charge current of electric vehicles fluctuates at various times, and in actual situation, it is impossible to achieve contin-
uously testing discharge current between very short interval of time, therefore the SOC is usually also inaccurately
acquired by ampere time integration method.

[0005] Itis desirable to provide a disclosure, which can overcome the problems and limitations mentioned above.

SUMMARY OF THE INVENTION

[0006] The presentinvention is directed to an estimation method for SOC of a lithium iron phosphate battery pack that
substantially obviates one or more of the problems due to limitations and disadvantages of the related art.

[0007] In an aspect of the present invention, there is provided an estimation method for SOC of lithium iron phosphate
power battery packs, include the following steps: step 1, selecting a secondary battery (A) having characteristics of linear
relationship between terminal voltage and SOC4; step 2, connecting the secondary battery (A) with lithium iron phosphate
power battery packs (B) in series, the lithium iron phosphate power battery packs (B) comprising a number of individual
lithium iron phosphate power battery pack connected in series with each other; step 3, repeatedly detecting values of
the SOC, and values the terminal voltages Ua of the secondary battery during the secondary battery is charging or
discharging, fitting a formula (1) between the SOC, and the terminal voltage Ua, the formula (1) being shown as following:
SOC,=K *Ua+M, (1); step 4, obtaining a formula (2) between the SOC, and the SOC of the lithium iron phosphate
power battery pack: SOC,=K,*SOC+M, (2); step 5, by formula (1) and formula (2), obtaining a formula (3) for calculating
the SOC of the lithium iron phosphate power battery pack, the formula (3) being shown as following:
SOC=Ua*K/Ky+(M4-M,)/K5 (3); then real-time detecting values the terminal voltage Ua of the secondary battery, and
the SOC of the lithium iron phosphate power battery pack can be calculated by the formula (3).

[0008] It is to be understood that both the foregoing general description and the following detailed description are
exemplary and explanatory and are intended to provide further explanations of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is a circuit schematic diagram of lithium iron phosphate power battery packs of present disclosure connected
with a secondary battery in series, the lithium iron phosphate power battery packs having a number of individual
lithium iron phosphate power battery pack.

FIG. 2(a) is a function relationship diagram between terminal voltage and SOC of one lithium iron phosphate lithium
power battery pack of FIG. 1, when the lithium iron phosphate lithium power battery pack is charging.

FIG. 2(b) is a function relationship diagram between terminal voltage and SOC of the secondary battery of FIG. 1,
when the secondary battery is charging.

FIG. 2(c) is a function relationship diagram between terminal voltage and SOC of the lithium iron phosphate lithium
power battery pack and a secondary battery connected in series of FIG. 1, when the lithium iron phosphate lithium
power battery pack and the secondary battery connected in series are charging.

FIG. 3(a) is a function relationship diagram between the terminal voltage and the SOC of the lithium iron phosphate
lithium power battery pack of FIG. 1, when the lithium iron phosphate lithium power battery packs are discharging.
FIG. 3(b) is a function relationship diagram between the terminal voltage and the SOC of the secondary battery of
FIG. 1, when the secondary battery is discharging.

FIG. 3(c) is a function relationship diagram between the terminal voltage and the SOC of the lithium iron phosphate
lithium power battery pack and the secondary battery connected in series of FIG. 1, when the lithium iron phosphate
lithium power battery pack and the secondary battery connected in series are discharging.

FIG. 4 is a function relationship diagram between the SOC of the lithium iron phosphate lithium power battery pack
and the SOC of the secondary battery (the SOC of the secondary battery is defined as SOC, hereatfter).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] The disclosure will be described in detail in the following.

[0011] Since current equal everywhere in a series circuit, and based on the quantity of electric charge calculating
formula: Q=I"T (wherein Q is quantity of electric charge, T is time), it is can be known that a charging or discharging
quantity of electric charge of each battery in a unit time are equal to those of other batteries when all of the batteries are
connected in series. Therefore, only need to accurately calculate change of quantity of electric charge of one battery, it
can get change of quantity of electric charge of all of the batteries connected in series. The present disclosure is based
on the above principle, selects a secondary battery A to connect with lithium iron phosphate power battery packs B. The
secondary battery A has characteristics of good linear relationship between terminal voltage and its SOC (the SOC of
the secondary battery is defined as SOC,). The lithium iron phosphate power battery packs B includes a number of
individual lithium iron phosphate power battery pack connected in series with each other. Therefore, each individual
lithium iron phosphate power battery pack and the secondary battery are connected is series. Each lithium iron phosphate
power battery pack includes a number of lithium iron phosphate power battery cells connected in parallel. By accurately
calculating quantity of electric charge of one of the lithium iron phosphate power battery pack, it can obtain quantity of
electric charge of the lithium iron phosphate power battery packs B.

[0012] Refer to FIG. 2 (a) and FIG. 3 (a), FIG. 2(a) is a function relationship diagram between the terminal voltage
and the SOC of one lithium iron phosphate lithium power battery pack of FIG. 1, when the lithium iron phosphate lithium
power battery pack is charging. FIG. 3(a) is a formula relationship diagram between the terminal voltage and the SOC
of the lithium iron phosphate lithium power battery pack of FIG. 1, when the lithium iron phosphate lithium power battery
packs is discharging. It can be seen that in most of the time, terminal voltages of the lithium iron phosphate power battery
pack are almost consistent when the lithium iron phosphate battery pack is charging or discharging, although the SOC
of the lithium iron phosphate power battery pack continues to increase or decrease.

[0013] Refer to FIG. 2 (b) and FIG. 3 (b), FIG. 2(b) is a function relationship diagram between the terminal voltage
and SOC of the secondary battery A of FIG. 1, when the secondary battery is charging. FIG. 3(b) is a function relationship
diagram between the terminal voltage and the SOC (namely SOC,) of the secondary battery A of FIG. 1, when the
secondary battery A is discharging. The secondary battery A can be some type of secondary battery except for a lithium
iron phosphate battery. During the secondary battery A charging and discharging, the terminal voltage of the secondary
battery A changes according to SOC, of the secondary battery A, and showed a good linear relationship. Accordingly,
when repeatedly detected values of the SOC, and values of the terminal voltages Ua of the secondary battery A during
the secondary battery A is charging or discharging, it can be fitted a formula (1) between the SOC, of the secondary
battery A and terminal voltage Ua of the secondary battery A, the formula (1) is shown as following:
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SOC =K *Ua+M; (1)

[0014] Wherein, K;#0, K; and M, are constant, SOC; e(X{,X,); wherein X; and X, are set in accordance with the
following rules: during the secondary battery and lithium iron phosphate power battery pack connected in series charging
and discharging, when the SOC of one of the lithium iron phosphate power battery pack are 0% and 100%, the SOC,
of the secondary battery are set to be X4 and X, respectively corresponding to 0% and 100%.

[0015] RefertoFIG. 2 (c)andFIG. 3 (c), according to the above settings, during the secondary battery and one lithium
iron phosphate power battery pack connected in series charging and discharging, when the SOC of the lithium iron
phosphate power battery pack is 0%, the SOC, of the secondary battery is X, correspondingly, when the SOC of the
lithium iron phosphate power battery pack is 100%, the SOC, of the secondary battery is X, correspondingly. Because
the SOC of the lithium iron phosphate power battery packs and the SOC, of the secondary battery represent the same
physical characterization (namely stage of charge), therefore the SOC the lithium iron phosphate power battery pack
and the SOC, of the secondary battery can be established mathematical model in the same coordinate system. Refer
to FIG. 4, specific mathematical model is described as follows: the SOC, of the secondary battery is deemed as the
vertical coordinate, the SOC of the lithium iron phosphate power battery pack is deemed as the horizontal coordinate,
and the mathematical model can be established, the two coordinate points (0%, X4), (100%, X5) in the coordinate system
are gotten, therefor a formula (2) between the SOC, of the secondary battery and the SOC of the lithium iron phosphate
power battery pack is obtained. The formula (2) is shown as following:

SOC=K,*SOC+M> (2)

[0016] Wherein K,#0, M, is constant.

[0017] By formula (1) between the SOC, the terminal voltage Ua of the secondary battery and formula (2) between
the SOC, of the secondary battery and the SOC of the lithium iron phosphate power battery pack. A formula (3) for
calculating the SOC of the lithium iron phosphate power battery pack is obtained. The formula (3) is shown as following:

SOC=Ua*K /Ko+M;-M2)/K> 3)

[0018] Then by real-time detecting values the terminal voltage Ua of the secondary battery, the SOC of the lithium
iron phosphate power battery pack can be calculated by the formula (3). Furthermore, the SOC of the lithium iron
phosphate power battery packs can be obtained through the SOC of the lithium iron phosphate power battery pack.
[0019] Accordingto above described method for the SOC the lithium iron phosphate power battery pack, the secondary
battery connected with the lithium iron phosphate power battery packs in series must have the following characteristics:
first, function curve between values of the terminal voltage Ua and values of the SOC, corresponding to Ua has good
linearity relationship; second, when the terminal voltage Ua of the secondary battery changes, it can cause significant
changes to the SOC, of the secondary battery; third, self-loss of the secondary battery is less than or equal to self-loss
of one lithium iron phosphate power battery pack; forth, capacity of the secondary battery must be larger than capacity
of one lithium iron phosphate power battery pack, for example, the capacity of the secondary battery is ranged from 1.3
to 2 times of the capacity of one lithium iron phosphate battery pack; fifth, the secondary battery has long service life.
[0020] The capacity of the secondary battery must be larger than the capacity of one lithium iron phosphate power
battery pack, for example, the capacity of the secondary battery is ranged from 1.3 to 2 times of the capacity of one
lithium iron phosphate battery pack. This can help the secondary battery does not occur over-charge and over-discharge
during the lithium iron phosphate power battery pack charging and discharging, thus ensuring the terminal voltage Ua
and the SOC, of the secondary battery has a good linear relationship during the secondary battery is charging and
discharging, meanwhile also extending the life of the secondary battery.

[0021] Refer to 1 to FIG.4, an estimation method for the SOC of the lithium iron phosphate power battery packs,
includes the following steps:

[0022] Step 1, selecting a secondary battery A having characteristics of good linear relationship between terminal
voltage and SOC (the SOC of the secondary battery is defined as SOC).

[0023] Step 2, connecting the secondary battery A with lithium iron phosphate power battery packs B in series. The
lithium iron phosphate power battery packs B includes a number of individual lithium iron phosphate power battery pack
connected in series with each other. Each individual lithium iron phosphate power battery pack and the secondary battery
are connected in series. Each lithium iron phosphate power battery pack further includes a number of lithium iron
phosphate power battery cells connected in parallel. And during the secondary battery and one lithium iron phosphate
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power battery pack connected in series charging and discharging, when the SOC of one lithium iron phosphate power
battery pack are 0% and 100%, the SOC, of the secondary battery are X; and X, respectively correspondingly set to
be 0% and 100%.

[0024] Step 3, repeatedly detecting values of the SOC, and values the terminal voltages Ua of the secondary battery
during the secondary battery is charging or discharging, fitting a formula (1) between the SOC, of the secondary battery
and terminal voltage Ua of the secondary battery, the formula (1) is shown as following:

SOC =K *Ua+M; (1)

[0025] Wherein, K420, K; and M, are constant, SOC € (X{,X5).

[0026] Step 4, the SOC, of the secondary battery being deemed as the vertical coordinate, the SOC of the lithium
iron phosphate power battery pack being deemed as the horizontal coordinate, and the mathematical model can be
established, getting two coordinate points (0%, X), (100%, X,) in the coordinate system, therefor a formula (2) between
the SOC, of the secondary battery and the SOC of the lithium iron phosphate power battery pack is obtained. The
formula (2) is shown as following:

SOC=K,*SOC+M> (2)

[0027] Wherein Ky#0, M, is constant.

[0028] Step 5, by formula (1) between the SOC, the terminal voltage Ua of the secondary battery and formula (2)
between the SOC, of the secondary battery and the SOC of the lithium iron phosphate power battery pack. A formula
(3) for calculating the SOC of the lithium iron phosphate power battery pack is obtained. The formula (3) is shown as
following:

SOC=Ua*K /Ko+M;-M2)/K> 3)

[0029] Then real-time detecting values the terminal voltage Ua of the secondary battery, the SOC of the lithium iron
phosphate power battery pack can be calculated by the formula (3). Furthermore, the SOC of the lithium iron phosphate
power battery packs can be obtained through the SOC of the lithium iron phosphate power battery pack.

[0030] The secondary battery of the estimation method for the SOC of the lithium iron phosphate power battery packs
in the present disclosure can be selected from some type of secondary battery or a super battery except for a lithium
iron phosphate power battery. In order to ensure that the secondary battery maintains its good linear relationship between
the terminal voltage Ua and the SOC, during the secondary battery charging and discharging, preferably, 2% <X, <7%,
86% <(X5-X4) <96%, namely, during charging and discharging, quantity of electric charge of the lithium iron phosphate
power battery pack changes from 0 to 100%, it does not require the secondary battery to be fully charged or fully
discharged. Values of terminal voltage Ua of the secondary battery connected with lithium iron phosphate battery packs
in series can be measured by a battery management system (BMS).

[0031] The estimation method for the SOC of the lithium iron phosphate power battery packs in the present disclosure,
U1, U2, U3, U4, U5, U6,... U14 are specific values in the coordinate system, there can be more specific values according
to actual requirements.

[0032] The number of the individual lithium iron phosphate lithium power battery packs can be one or more than one.
[0033] Itwillbe apparent to those skilled in the art that various modification and variations can be made in the multicolor
illumination device and related method of the present invention without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover modifications and variations that come within the scope of the
appended claims and their equivalents.

Claims

1. An estimation method for SOC of lithium iron phosphate power battery packs, characterized in that the estimation
method comprising the following steps:

step 1, selecting a secondary battery (A) having characteristics of linear relationship between terminal voltage
and SOC, and defining the SOC of the secondary battery as SOCy;
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step 2, connecting the secondary battery (A) with lithium iron phosphate power battery packs (B) in series, the
lithium iron phosphate power battery packs (B) comprising a number of individual lithium iron phosphate power
battery pack connected in series with each other; during the secondary battery and one lithium iron phosphate
power battery pack connected in series charging and discharging, when the SOC of one lithium iron phosphate
power battery pack being 0% and 100%, setting the SOC, of the secondary battery are X, and X, respectively
correspondingly to be 0% and 100%;

step 3, repeatedly detecting values of the SOC, and values the terminal voltages Ua of the secondary battery
during the secondary battery is charging or discharging, fitting a formula (1) between the SOC, and the terminal
voltage Ua, the formula (1) being shown as following:

SOC =K *Ua+M; (1)

wherein, K;#0, K, and M, are constant, SOC, € (X4,X);

step 4, deeming the SOC, of the secondary battery as the vertical coordinate, the SOC of the lithium iron
phosphate power battery pack as the horizontal coordinate, establishing mathematical model, getting two co-
ordinate points (0%, X4), (100%, X,) in the coordinate system, and obtaining a formula (2) between the SOC,
and the SOC of the lithium iron phosphate power battery pack:

SOC=K,*SOC+M> (2)

wherein K520, M, is constant.
step 5, by formula (1) between the SOC, the terminal voltage Ua of the secondary battery and formula (2)
between the SOC, of the secondary battery and the SOC of the lithium iron phosphate power battery pack,
obtaining a formula (3) for calculating the SOC of the lithium iron phosphate power battery pack, the formula
(3) being shown as following:

SOC=Ua*K /Ko HM;1-M2)/K> 3)

then real-time detecting values the terminal voltage Ua of the secondary battery, and the SOC of the lithium
iron phosphate power battery pack can be calculated by the formula (3).

The estimation method for SOC of lithium iron phosphate power battery packs of claim 1, characterized in that
obtaining the SOC of the lithium iron phosphate power battery packs can be obtained through the SOC of the lithium
iron phosphate power battery pack.

The estimation method for SOC of lithium iron phosphate power battery packs of claim 1, characterized in that
2% <Xy <T%, 86% <(X,-X;) <96%.

The estimation method for SOC of lithium iron phosphate power battery packs of claim 1, characterized in that the
secondary battery is selected from some type of secondary battery or a super battery except for a lithium iron
phosphate power battery.

The estimation method for SOC of lithium iron phosphate power battery packs of claim 4, characterized in that
values of terminal voltage Ua of the secondary battery connected with lithium iron phosphate battery packs in series
can be measured by a battery management system.

The estimation method for SOC of lithium iron phosphate power battery packs of claim 1, characterized in that a
capacity of the secondary battery is larger than the capacity of one lithium iron phosphate power battery pack.

The estimation method for SOC of lithium iron phosphate power battery packs of claim 6, characterized in that the
capacity of the secondary battery is ranged from 1.3 to 2 times of the capacity of the lithium iron phosphate battery
pack.
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8. The estimation method for SOC of lithium iron phosphate power battery packs of claim 1, characterized in that
each lithium iron phosphate power battery pack includes a number of lithium iron phosphate power battery cells
connected in parallel.
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