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E-Cigarettes: The New Safety Threat

E-cigarette explosions caused by Li-ion batteries have intensified the
debate over the safety of Li-ion batteries. In a recent incident on April
3, 2017, a 15-year-old suffered severe burns to his face and chest after
an e-cigarette exploded as he used it. E-cigarette explosion accidents
have been reported frequently in the past. From August 2009 to Janu
ary 2017, there have been nearly 214 e-cigarette explosions, of which
57 occurred during use; 79 occurred during charging; 44 occurred
during transport, storage, or unknown circumstances; and 34 involved
spare batteries for removable battery mods. Amongst these incidents,
137 explosions resulted in personal injury or death, while 77 resulted
in no reported injuries to people, although they may have resulted in
animal deaths and/or extensive property damage.

Electronic cigarettes, first commercialized in 2004 in China, were in
troduced into European and American markets in 2006 and 2007, re
spectively. Since then they have become quite popular among tradi
tional smokers. E-cigarettes are battery-powered devices that vapor
ize a liquid solution to deliver a dose of nicotine to the user through 
oral inhalation. The majority of e-cigarettes today are powered by Li
ion batteries. However, improper handling and usage of Li-ion batter-
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ies have the potential to cause serious safety 
hazards, including battery fire and explosion. E
cigarettes are about the size of a pen. Consider
ing their intimacy with the human body, the e
cigarette explosions pose severe burn hazards. 

Compared with other rechargeable batteries, 
Li-ion batteries have the highest energy den
sity and power density, thus, they can provide 
the same amount of energy even though they 
are smaller and weigh less than other batteries. 
This saved space and weight allows designers to CT scan of e-cigarette cell done by CALCE

focus on improving the device functionality. Designers of portable devices strive for devices 
that have higher battery capacity but lower weight. This requirement increases the trade-off 
between the device heat generation and dissipation. Typically, heat dissipation is restricted by 
the sophisticated device structure. The device temperature will increase once the heat genera
tion rate is higher than the dissipation rate. If the generated heat is not dissipated in time, the 
battery temperature further triggers the reactions between battery materials that can release 
more heat. This self-enhanced temperature-increasing loop is known as "thermal runaway". Li
ion batteries trapped in this situation may eventually catch fire or explode. For further infor
mation regarding research on e- cigarette safety, please contact Dr. Laura Xing (yx
ing3@calce.umd.edu) or Prof. Michael Pecht (pecht@calce.umd.edu). 
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The International Workshop on Reliability for Advanced Technology, was hosted by the 

newly established Center for Reliability Engineering (CRE) at the Ming Chi University of Tech-
nology, on February 16, 2017. The workshop featured leading experts in the field, including 
Prof. Rachid Yazami of Nanyang Technological University Singapore, Dr. Chih- Hsun Chu, CTO 
of Materials Analysis Technology (MA-Tek), and Professor Michael Pecht from CALCE, Univer-
sity of Maryland.

Prof. Pecht gave his keynote talk on "Sys-

tems Health Monitoring and Management 
within the Internet of Things". The focus was 
on methods for anomaly detection and 
prognostics, including the monitoring and 
reasoning of parameters that are precursors 
to impending "failure", such as shifts in per-
formance parameters; and the modeling of 
stress and degradation utilizing life cycle 
loads. Battery reliability and safety was dis-
cussed as the key issue.
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Recent Li- ion battery fire incidents in smartphones, hoverboards, e-

cigarettes, electric vehicles, and aircrafts highlight the limited under-
standing of battery thermal runaway failure mechanisms. In the past 
various studies have been conducted to investigate Li- ion thermal 

runaway failures, but the literature is still inadequate for designing a 
safety system. CALCE is currently studying the effects of additional pa-
rameters and operating conditions on Li-ion battery thermal runaway 
by performing a detailed electrical and thermal characterization of 
batteries under catastrophic failure conditions  to improve the safety 
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Therm al Runaway Charact er izat ion of  Li-ion Bat t er ies

mechanisms and thermal management of these 
batteries.

Commercial 18650 Li- ion cells are used for the 

experiments. These cells have an end-of-charge 
voltage of 4.2 V and an end-of-discharge voltage 
of 2.5 V, specified by the manufacturer. The bat-
teries are taken to specified state of charge (SOC) 
levels by charging and discharging the cell using 
an Arbin BT2000 battery tester. In order to study 
the thermal characterization, heating wire is 
wrapped around the cell and supplied by DC 
power. Thermocouples are mounted near the 
two terminals of the cell to monitor the cell sur-
face temperature. The cell voltage measure-
ments are recorded during the entire testing. 
More experiments are being planned to better 
understand battery thermal runaway behavior.                                                      

Vent ing  t hrough t he posit ive t erm inal 
of  t he bat t ery

http://www.calce.umd.edu/batteries


5

At the  34th International Battery Seminar and Exhibit held in Fort 

Lauderdale, Florida, USA, Dr. Laura Xing gave a presentation on 
'Looking Inside Batteries ? An Investigation into Dendrite Behav-
ior '. 

Internal short circuits caused by lithium dendrite formation are 

considered one of the most severe battery faults that can lead to 
battery heating and thermal runaway incidents. Lithium dendrites 
are metallic microstructures that form on the negative electrode 
during the charging process. Dendrites can form in a Li- ion bat-
tery when it is overcharged or charged at low temperatures. In 
order to improve the battery safety, it is necessary to study and 
understand lithium dendrite formation mechanisms. An optical 
cell was developed to enable in-situ observations and assess den-
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Dr  Laura Xing present s 'Look ing Inside Bat t er ies ? An 
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drite growth as a function of current density, temperature, and electrolyte compositions. Dr. 
Xing presented the results of the dendrite formation, morphologies, and factor dependen-
cies at the Seminar. 

A Double-Scale, Par t icle-Filt er ing, Energy St at e Predict ion 
Algor it hm  for  Lit h ium -ion Bat t er ies
The battery management system (BMS) in an electric vehicle is the core component that en-

sures the battery is working properly in a safe range and thus can extend the battery?s remain-
ing useful life (RUL). The function of a BMS depends largely on the monitored accuracy of bat-
tery parameters and states. State of charge (SOC) is one of the key monitored states and is 
used to indicate the battery?s energy state. In practice, besides the remaining charge, the bat-
tery?s energy state is highly dependent on its terminal voltage. State of energy (SOE) estimation 
is easily influenced by the working conditions of the battery. In order to track the energy state 
variations of the battery accurately, the robust and accurate estimation of its remaining avail-
able energy (ERAE) is necessary. 

This study aims to predict the battery ERAE by taking the future working conditions into consid-

eration. A double-scale particle filter (PF) method has been developed that considers the bat-
tery system parameter set and state set change on two different time scales? a fast time-
varying scale for the battery parameter set and a slow time-varying scale for the battery state 
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Ult rasonic Sensing Approach for  Lit h ium -ion Bat t ery 
Failure Det ect ion

set. This method has been applied to realize the real-time estimation of battery SOC and pre-
diction of battery ERAE.

The experimental results show that if the initial SOC value is set 20% away from the reference 

value, the maximum SOC estimation error and prediction error are both less than 1%. Further-
more, the double-scale PF method is shown to perform accurately based on the experimental 
data sampled at T = 10 ?  and T = 40 ? , respectively, while the capacity values and OCV values 
obtained at T = 25 ?  are used to construct the battery model. Even if the wrong temperature 
is indicated, the maximum SOC estimation error and ERAE prediction error are still accurate at 
less than 2%. 

The real-time calculation process of the developed double-scale PF method can avoid off-line 

resistance calibration. Furthermore, the high estimation and prediction accuracy even with the 
wrong initialized SOC values and erroneous temperature indications show that the developed 
method can be robust in practice.

SOC est im at ion and ERAE predict ion result s of  LFP cell under  t he UDDS prof i le at  T = 10 ? : 
(a) SOC est im at ion er ror  w it h 80% init ial ized SOC
(b) ERAE predict ion er ror  w it h 80% init ial ized SOC. 

An early and accurate battery failure detection method can prevent catastrophic events and 

improve the Li-ion battery safety. In the conventional battery management system (BMS), the 
sensors can only detect the battery's external signals, such as the current, voltage and tem-
perature. The sensors are often insufficient to identify potential or sudden failure because 
they are unable to probe the physical changes within the battery. But, the ultrasonic method 
has the potential to non-invasively inspect the internal state of battery interfaces, detect inter-
nal material defects in metallic, composite materials, and provide early and strong indication 
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of failure. 

CALCE has carried out an ultra-

sonic study of Li- ion batteries. 
The ultrasonic signals were col-
lected using a set of ultrasonic 
hardware setup provided by X-
wave Innovations, Inc. The figure 
on the right shows this small-
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sonic features and battery degradation performance (including battery failure) will be ana-
lyzed. Finally, a battery degradation model can be developed to non-invasively assess battery 
degradation and identify sudden battery failure based on the ultrasonic features.

For more information, please contact Dr. Laura Xing (yxing3@calce.umd.edu) or Prof. Michael 

Pecht (pecht@calce.umd.edu). 

Battery cycling tests were con-

ducted under different operating 
conditions. Ultrasonic signals 
were collected after every cycle. 
The  figure on the left shows the 
ultrasonic signals under different 
cycles. The ultrasonic signals shift 
to the right and the amplitudes 
increase with the increasing 
number of cycles. This prelimi-
nary result  verifies that the ul-
trasonic signals can provide use-
ful information to indicate the 
health state of the battery and 
the ultrasonic sensing method 
can be used for battery failure 
detection. 

The relationship between ultra-

Ult rasonic signals for  t he l i t h ium -ion bat t ery 
w it h t he increasing num ber  of  cycles 

volume and low-power ultrasonic hardware,consisting of a thin transducer that is mounted on 
the cell surface using petroleum jelly and a pulser-receiver with data acquisition capability that 
is connected to the host computer. 

http://www.calce.umd.edu/batteries


calce 

Visiting Scholars 

Dr. Simin Peng is a lecturer in the School of Electrical Engineering, 
Yancheng Institute of Technology, China. He obtained his Ph.D. from 
Shanghai Jiao Tong University in 2013. His research mainly focuses on 
battery energy storage system, wind power generation, and smart 
grid. As a visiting scholar at CALCE in December 2016, he focused on 
modeling and state of charge estimation of Li-ion batteries. 

Lab Service Projects 

(ALCE assisted a medical device manufacturer in the qualification testing of coin Li-ion cells. 
Storage, cycle, and short-circuit tests were performed to study the battery degradation be
havior under different operating conditions. The storage and cycle tests were accelerated to 
reduce the testing time by choosing the higher temperature levels (45 °( and 60 °(} and 
current rate (2C), respectively. The short-circuit test was conducted by making a direct con
tact between battery positive and negative terminals externally for 1-min duration. During 
this period, the battery temperature was measured to check for any signs of self- heating 
due to internal reactions. Under abusive conditions such as short circuit, the battery tem
perature can rise due to Ohmic heating and can lead to a stage where the battery starts 
self- heating due to the internal exothermic reactions. This stage is called "thermal run
away", and the battery can fail catastrophically, causing fire or explosion. 

(ALCE also performed qualification testing for the prismatic type of high- capacity Li- ion 
batteries for a major multinational client. The qualification process consisted of X-ray in
spection for structural integrity, charge/discharge tests at different (-rates to calculate bat
tery parameters such as capacity and resistance, abusive conditions (compression, torsion 
of terminals) performance tests, and battery disassembly to inspect the internal design and 
battery materials. Considering the high capacity of the batteries, disassembly was con

ducted inside a glove box after freezing the cell for 24 h at O 0 

c. After disassembly, the elec

trode materials were inspected by scanning electrode microscopy (SEM) and energy disper
sive spectroscopy (EDS) to determine the surface microstructure and material composition 
of the electrodes. The separator material was analyzed using digital scanning calorimetry 
(DSC) and Fourier transform infrared spectroscopy (FTIR). 

(ALCE is currently assisting a leading multinational company in the thermal management of 
the Li- ion batteries in battery packs for uninterruptible power supply (UPS) systems. The 
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client is interested in studying battery thermal runaway failure and its propagation to othe 
batteries in the battery pack. CALCE is characterizing the electrical and thermal behavior of 
Li-ion batteries under thermal runaway failure to provide guidance on the design of battery 
pack safety mechanisms. Recent Li- ion battery fire incidents in devices, including smart
phones, hoverboards, and e-cigarettes, highlight the safety risks associated with these bat
teries and the need to design safety mechanisms based on the detailed characterization of 
battery thermal runaway. CALCE is also performing abuse testing of Li- ion batteries for a 
wearable camera device manufacturer. The project will include short-circuit testing, over
charge testing, and X-ray inspections. The motivation is to study the failure modes of batter
ies under abusive conditions and define the safe operating region for these batteries. 

To initiate a lab service project with the CALCE Battery Group, please contact Dr. Michael 
Osterman (osterman@calce.umd.edu) or Dr. Yinjiao (Laura) Xing (yxing3@calce.umd.edu).

Open Access to CALCE Battery Data 

CALCE has recently conducted a study on the effects of state of charge (SOC) ranges on 
lithium-ion battery degradation. The data from this study is available on the CALCE Battery 
Database website. Access to this data is free and can be obtained by filling out a simple 
form on the website. The detailed description of this data can be found in the following 
published article: Saurabh Saxena, Christopher Hendricks, and Michael Pecht, "Cycle life 
testing and modeling of graphite/LiCo02 cells under different state of charge ranges," Jour
nal of Power Sources, Vol. 327, pp. 394-400, 2016. 

The CALCE Battery Database contains data from previous studies and experiments as well. 
The data from these tests can be used for battery state estimation, remaining useful life 
prediction, and battery degradation modeling. CALCE has published many articles using this 
data. Researchers such as Dr. Zhaojun Li from the Department of Industrial Engineering 
and Engineering Management at Western New England University and Dr. Datang Liu from 
the Department of Automatic Test and Control at Harbin Institute of Technology have used 
CALCE battery data for their research. The cycling data was generated using Arbin and 
Cadex standard battery testers. Impedance data was collected using Idaho National Labo
ratory's Impedance Measurement Box (1MB). 

For more information on the CALCE Battery Database, please contact Dr. Laura Xing 
(yxing3@calce.umd.edu). 
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Recent  CALCE Bat t ery Publicat ions

The following are recent CALCE publications on Li-ion batteries. For more information, visit 

the CALCE bat t ery websit e 

- S. C. Huang, K. H. Tseng, J. W. Liang, C. L. Chang, and M. Pecht, "An online SOC and 
SOH estimation model for lithium- ion batteries," Energies, Vol. 10, Issue 4, pp. 512-
529, 2017. 

- X. Su, S. Wang, M. Pecht, L. Zhao, and Z. Ye, "Interacting multiple model particle filter 
for  prognostics of lithium-ion batteries," Microelectronics Reliability, Vol. 70, pp. 59-
69, 2017. 

- E. Cripps and M. Pecht, "A Bayesian nonlinear random effects model for identification 
of  defective batteries from lot samples," Journal of Power Sources, Vol. 342, pp. 342-
350,  2017. 

- Z. Liu, G. Sun, S. Bu, J. Han, X. Tang, and M. Pecht, "Particle learning framework for es-
timating the remaining useful life of lithium- ion batteries," IEEE Transactions on In-
strumentation and Measurement, 66 (2), 280-293, 2017. 

- X. Cheng, L. Yao and M. Pecht, "Lithium-ion battery state-of-charge estimation based 
on  deconstructed equivalent circuit at different open-circuit voltage relaxation times," 
Journal of Zhejiang University-SCIENCE A, Vol. 18, Issue 4, pp. 256-267, 2017. 

- X. Cheng, L. Yao, Y. Xing, and M. Pecht, "Novel parametric circuit  modeling for Li-ion 
batteries," Energies, Vol. 9, Issue 7, pp. 539-554, 2016. 

- N. Williard, C. Hendricks, B. Sood, J. S. Chung, and M. Pecht,  "Evaluation of batteries 
for safe air transport," Energies, Vol. 9, Issue 5, pp. 340-353,  2016. 

- F. Zheng, Y. Xing, J. Jiang, B. Sun, J. Kim, and M.  Pecht, "Influence of different open cir-
cuit voltage tests on state of charge online estimation for lithium-ion batteries," Ap-
plied Energy, Vol. 183, pp. 513-525, 2016. 

- F. Zheng, J. Jiang, B. Sun, W. Zhang, and M. Pecht, "Temperature dependent power ca-
pability estimation of lithium- ion batteries for hybrid electric  vehicles," Energy, Vol. 
113, pp. 64-75, 2016. 

- S. Saxena, C.  Hendricks, and M. Pecht, "Cycle life testing and  modeling of graphite/Li-
CoO2 cells under different state of charge ranges," Journal of Power  Sources, Vol. 327, 
pp. 394-400, 2016. 

- X. Su, S.  Wang, M. Pecht, P.  Ma, and L. Zhao, "Prognostics of lithium- ion batteries 
based   on different dimensional state equations in the particle filtering method," 
Transactions of the  Institute of Measurement and Control, pp. 1- 10, DOI: 10 .1177 
/0142331216642836.
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Are You Int erest ed in Get t ing a Ph.D. at  t he Universit y of  
Maryland in Li-ion Bat t ery or  Supercapacit or  Technologies?

The University of Maryland, College 

Park, has established an impressive 

track record in battery and supercapaci-

tor research. The objectives are to make 

an impact in energy storage by develop-

ing methods and tools to prevent fail-

ures, enhance safety, and make better 

use of the available energy. The demand 

for people with this expertise is now 

widespread in all sectors of industry, 
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from consumer electronics to automotive and aerospace. 

At the University of Maryland, research has focused on a wide range of key topics in battery 

lifecycle use and management. Estimating the internal electrochemical state of the battery is 

required to implement effective control and monitoring algorithms. This includes developing 

data- driven and physics- based state- of- charge models for mission planning and state- of-

health models to assess the degradation of the battery as it is used. Researchers at UMD 

have also developed methodologies to detect failure precursors and mitigate catastrophic 

failure. This requires identifying the root cause of battery failure and assessing the reliability 

and safety of batteries and battery packs as a function of their usage environment and 

stresses applied during the lifecycle. Supercapacitor studies have helped to reveal the key 

failure modes and mechanisms in response to thermal and electrical stresses. This research 

is multidisciplinary, drawing from the fields of electrochemistry, reliability, mechanics, elec-

tronics, controls, and machine learning. CALCE laboratories are well equipped with the latest 

tools and equipment for analysis and have collaborated with national and international re-

search centers, giving qualified students access to facilit ies and experts around the globe. You 

can find more information on battery research at CALCE at http: / / www.calce.umd.edu/ batter-
ies/ index.html. 

For additional information, please contact Prof. Michael Pecht at pecht@calce.umd.edu with a 

resume that provides information on relevant skills and prior experience. Information about 

applying to the Mechanical Engineering PhD program at UMD can be found at 
http: / / www.enme.umd.edu/ grad/ admissions.

http://www.calce.umd.edu/batteries
http://www.calce.umd.edu/batteries/index.html
http://www.calce.umd.edu/batteries/index.html
http://www.calce.umd.edu/batteries/index.html
http://www.calce.umd.edu/batteries/index.html
mailto:pecht@calce.umd.edu
http://www.enme.umd.edu/grad/admissions.



