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Abstract

In energy storage and power system operations, battery life assessment is crucial for preventive
maintenance and replacement decisions. However, the life samples available in engineering prac-
tice are often limited in size and contain right-censored data, which may lead to biases in early re-
liability assessments using the traditional two-parameter Weibull model. This paper proposes a
three-parameter Weibull battery life assessment method tailored for small-sample censored data:
it introduces the location parameter y to characterize the non-aging period and employs a stable
estimation workflow consisting of “y outer loop search + Levenberg-Marquardt (LM) inner regres-
sion”. To enhance reproducibility, this study constructs a lifespan sample based on multi-cell cycle
degradation data from the NASA Ames PCoE Li-ion Battery Aging Dataset, defines End-of-Life (EOL)
using State of Health (SOH) thresholds, and performs threshold sensitivity analysis at SOH = 0.85/
0.80/0.75. The results indicate that at earlier thresholds (SOH < 0.85), the three-parameter model
performs better in terms of AIC/BIC and early-weighted error relative to the KM empirical curve,
making it suitable for early-warning-type lifespan assessment; under conditions of SOH < 0.80/0.75,
the two-parameter model already achieves lower information criteria, suggesting that data at these
thresholds provide weaker statistical identification of the non-aging period. This paper further pro-
vides model selection recommendations based on AIC/BIC and early weighted error, offering a re-
producible engineering method for battery life modeling and O&M decision-making.
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Figure 1. SOH-Cycle degradation curve for selected cells
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Table 1. Lifespan samples under the SOH < 0.80 threshold (including right-censored data)
% 1. SOH < 0.80 HE THIF AR AMK)

B S FF G W& SR PR /A A
B0045 6 RIU(EOL) 72
B0047 18 JKA(EOL) 72
B0046 22 K% (EOL) 72
B0048 22 K ZH(EOL) 72
B0042 42 KR(EOL) 112
B0041 52 JR(EOL) 67
B0053 55 PSYiEN 55
B0006 60 JA(EOL) 155
B0018 77 JA(EOL) 132
B0005 100 K AI(EOL) 168
B0044 101 K AI(EOL) 112
B0043 106 K AI(EOL) 112
B0007 124 RKAU(EOL) 168
B0033 145 JR(EOL) 146

7£ SOH < 0.80 14K, FEAK n =14, KEEEA 134, HME 1 4. HSE Weibull IA55] g =
1.545, a=77.12; =Z% Weibull #1552 y=6.00, f=0.817, a=62.64. K 2% H 4 X A A] 5 EXTH,
K3 g5 R EBOR, 14 4 45 H1 5 KM 480 20 L.

Reliability comparison (EOL@SOH=0.8)
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Figure 2. Comparison of reliability curves (EOL@SOH < 0.80)
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Early-stage reliability zoom (0-60 cycles, EOL@SOH=0.8)
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Figure 3. Comparison of early-stage amplification (0~60 cycles)
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Absolute error vs KM (EOL@SOH=0.8)
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Figure 4. Comparison of absolute error with KM (EOL@SOH < 0.80)
B 4. 5 KM B XHRZEXTEL(EOL@SOH < 0.80)

4.3. BEHUHMYE S HT(SOH = 0.85/0.80/0.75)
Xty PR LS50 KT BUB MR R I, 76 SOH<0.85 14T, it y LHXITR av B
AN, B BUE T = SHEA “AEZ 7 B MR E AR A T7E SOH <0.80/0.75 %%
R, wft y MR R e oK, RUBEE BOL BIEE®, FEAX M BESEMPHNEE 1SS, X5
A S HUR B AEAS BN SRR 0 25 FAH — 2.
AN EOL B F 2P/3P Weibull fl & 5F64rxt b in s 2,

Table 2. Comparison of 2P/3P Weibull fits and metrics at different EOL thresholds
# 2. [ EOL HME T 2P/3P Weibull #l & S5EFR3TEL

(a) 2P Weibull $}l&45 5
FEAR(E R 2P ZH SN s
SOH HI{E. n N LIPS B a AIC BIC RMSE  wRMSE
0.85 14.0 13.0 1.0 0.969 45.66 129.61 130.89 0.1012 0.1005
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0.80 14.0 13.0 1.0 1.545 77.12 138.01 139.28 0.0642 0.0667
0.75 14.0 12.0 2.0 1.262 94.46 132.68 133.96 0.0722 0.0707
(b) 3P Weibull #4453

FEAER 3P S R bR
SOH Hi{& n KR UIES ? B o AIC BIC RMSE wRMSE
0.85 14.0 13.0 1.0 4.0 0.5655  32.5 121.94 12385  0.0871  0.0866
0.80 14.0 13.0 1.0 6.0 0.817  62.64  139.85 14177  0.0881  0.0860
0.75 14.0 12.0 2.0 11.0 0.764 7553 13322 13514  0.0860  0.0856

FH 2 A7 W 4 EREHC SOH < 0.85 (FEf ] - HA T Z I, =SB AIC/BIC 5 wRMSE ¥ T
WSHOER, I GIN p e S A Zm R “JE20 7 45895 M7 SOH<0.80 5 SOH<0.75 ~, W&
MR E BN B . 1] 5 45 H 48 As 22 (B B E AR AL 35(A < 0 KR 3P 5 AR).

Sensitivity to EOL threshold (negative = 3P better)
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Figure S. Threshold Sensitivity: AAIC/ABIC/AWRMSE (negative values indi-
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Figure 6. Model selection flowchart (based on threshold sensitivity and early
weighted error)
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