%15 % 45 6 1Y fd #e A ¥ 5 & K Vol.15 No.6
2026 1 6 H Energy Storage Science and Technology Jun. 2026

| tEEEMRLS B |

BB TFRbIFHRAZEREERFRNR

WU, DAk, wMsE, fEs. B &
Crp AL R T BE MU T RE &, JE5T 100083)

W E: 3RERA T S0P TRA G EL N RE B IR 4 52T b %%%mk AT3H42 T
TR P BB LA LB E AR RB R, KRR T —HRRA. SRHE. BETF R
TR AR, 2R B R AT b Bk RS AT, &k%ﬂWﬁﬁﬁﬁkﬁﬁkﬁﬁiﬁé%ﬁ
A%, ZIGRIEGEFRE TR EIRH BT AL EA A ym 548 ek Ay, ) A 1858 1802 K5 48 Aot 5 R
ABHEOATET G MRAY, 4R E A -20~80°C TS ) 2 4UE X S=0.035 Q/'C, FiB T &b %
%4 R=0.998, HEAEMARE B AT HAbl&E LK, KRS —FE ST 3x3 wiEAM 0GB -
By AR, BT EANINREAESANE, LIP CHRBABAZTAB S, LiBA4SL A
REZREFEAK., ATHALR, BAEREEEA T 7 Ak b b Ae B AR ALL0 09 5 BF iR 2 Bm X3 P . X
BED T, HREHEBE S AR EHERIIG AR T, B EHEIEAR DT, IR E TR
RRVEATHEL G 7= #4e e, A BIE T A S A MR b 5256 RALIR B MM TAT S Tk, 54444
1B, ZARER A ZHER. KA. RABS AL S SR BB B ERY., KRR AREAE
BT R R A AT I E B 2 A TRERAE T — A a9 R4,
KR FRewok;, FHAR; BARN, wibxd; wbER
doi: 10.19799/j.cnki.2095-4239.2025.1055
FESES: TM 912 XEkRERE: A

NEHS: 2095-4239 (2026) 06-2079-10

Study on flexible temperature-sensing film for wearable
monitoring of lithium-ion batteries
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Abstract: A precise monitoring of individual cells in a multibattery system is essential for
stable performance and operational safety. In this study, we develop a low-cost, high-
sensitivity, ultrathin flexible temperature-sensing film to address local heating, safety risks, and
performance degradation in lithium-ion batteries (LIBs). The sensor uses a silver-based
conductive ink as the temperature-sensitive material. Electrodes are printed on a polyimide
substrate via screen printing, followed by low-temperature sintering and polydimethylsiloxane
encapsulation, producing a flexible structure with a 41-um thickness. Calibration tests in a
temperature-humidity chamber with a precision source meter demonstrate a sensitivity of
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0.035 Q/°C over —20°C to 80°C. The linear fitting at room temperature gives an R? of 0.998.
The sensor also exhibits stable temperature-resistance characteristics and good fabrication
repeatability. A coupled electrochemical-thermal model of a 3 x 3 battery module reveals the
internal temperature gradient distribution. The central cells show a higher temperature
increase than the peripheral cells, and the increase accelerates with discharge rate. Based on
these results, the sensing film is applied to a prismatic cell and a cylindrical module for real-
time temperature monitoring. The measured temperature follows the battery voltage curve
with high consistency. The sensor captures the heat-generation behavior during charging and
discharging, changes in current rate, and transitions between operating stages. Compared
with traditional thermocouples, the sensing film has considerable advantages in terms of
flexible adaptation, monitoring accuracy, cost control, and array deployment. These results
confirm its feasibility and reliability for in situ temperature monitoring in various battery
configurations. This study provides a new approach for refined thermal management and
safety warning in LIB systems.

Keywords: smart battery; flexible sensing; temperature monitoring; battery safety; battery

management
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Table 1 Temperature cycling settings for constant
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Fig. 4 Resistance change of AgTF under five
temperature cycles
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Fig. 9 Battery test platform (a) General test platform;
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