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Abstract: Predicting the thermal and electrical perfor-
mance of a thermal battery using computer simulations
has the potential to save significant time and cost in
the battery development process. However, traditional
battery models can have a high barrier to adoption, of-
ten limited to those with significant expertise in com-
putational modeling. We have previously developed the
Thermally Activated Battery Simulator (TABS) [1] as
a user interface to wrap around models for thermal per-
formance and single-cell electrochemical performance.
This capability has enabled battery designers at San-
dia and in the US Department of Defense to predict
battery thermal performance and reduce design cycles.
However, the barriers to adoption of the legacy TABS
simulation were still significant.

In a companion talk, we present a new, advanced model
that couples thermal and electrochemical performance
at a full thermal battery scale [2]. Because of this sig-
nificant increase in predictive capability — and simul-
taneously the computational expense required to solve
it — we took the opportunity to re-develop TABS as
a modern, cloud-based web application with a signif-
icantly improved user experience. We performed in-
depth user experience research, tightly coupled with the
consistent design of a new user interface and imple-
mentation using modern web technologies. By using
cloud computing technologies, we moved the computa-
tional expense off the user’s desktop and onto shared
computing resources, allowing the user to focus on bat-
tery design and performance.

In this paper, we detail the development of version 6
of TABS. We discuss lessons learned from previous
TABS deployments and from user experience research.
We also demonstrate its ability to allow users to intu-
itively study the tmpact of battery design changes on
performance while accurately simulating the electrical
performance of complex battery designs.
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Introduction

Version 5 of TABS [1] has gained wide adoption
amongst the thermal battery design and analysis com-
munity, including at Sandia National Laboratories and

the U.S. Department of Defense laboratories. How-
ever, this previous version had focused on two analy-
sis scenarios - thermal analysis of full thermal batter-
ies and electrochemical analysis of single cells. With
the development of a full battery coupled thermal and
electrochemical model [2], we must now consider the
deployment of this novel capability to our users.

The previous version of TABS suffered from a num-
ber of barriers to even wider adoption. First is its
reliance on the Linux operating system. While San-
dia could deploy the software to Windows computer
in virtual machine environment, this is less than ideal
for a majority of our potential users. Secondly, while
the user interface (UI) was fairly intuitive (especially
when compared to building the simulation manually),
it still required extensive training to learn its effective
use.

TABS development process

TABS version 6 (v6) is developed from the ground up
as a cloud-hosted web application to provide thermal
and electrochemical modeling capabilities for full ther-
mal batteries to our user base. Its development prin-
ciples and technologies are outlined below.

User experience research: The goal of TABS v6 is to
provide an updated user interface and incorporate im-
proved functionality to positively impact the user ex-
perience. To achieve our goal, the TABS team needed
a foundational understanding of the users and their
needs rooted in user research. Users were identified as
existing and prospective users (people who “should” be
using the tool but are not) to identify: what is work-
ing well in the existing tool; opportunities for improve-
ment; barriers to adoption; and gaps between user ex-
pectations of the new tool capability and design.

The foundational research helped identify five distinct
use cases for the tool. Use cases help us understand the
types of engineering question categories users are at-
tempting to answer. This understanding leads to bet-
ter system design because the team intentionally, and
explicitly, targets satisfying the identified use cases.
For example, “Ad-Hoc Curiosities” was identified as
a use case where users wanted to be exploratory —
they wanted to investigate engineering questions as a



means to building more informed research inquiries;
“we don’t know what we don’t know.” Additionally,
the foundational research helped define specific user
types and their respective design drivers. We can con-
sider the needs of each user type as the team works
to design a tool to meet specific user needs. For ex-
ample, a “Novice User” wants to “be empowered to
investigate a whole manner of engineering questions.”
To accomplish this driver, TABS v6 needs to provide;
a clean, simple UI; an easily accessible tool; the ability
to progress through standard and non-standard work-
flows; enable the user to answer their questions with-
out tool subject matter expertise (SME) intervention;
help grow the user’s expertise through exploration and
access to support materials. When we understand
‘why’ behind user’s needs, we build better systems to
meet those needs.

User interface design: The user research directs the
UI design; once the user data is collected and user
needs are understood, ideation and system design oc-
cur. During the initial design concept, key stake-
holders are included to help ensure design concepts
meet both user and customer requirements. Design
concepts, presented as low- and high-fidelity mock-
ups (ﬁgs. la and 1b), are presented to users as tan-
gible hypotheses the research team looks to invalidate.
Understanding how the design concept(s) fail to meet
user needs allows for evolution of the design. The re-
search team also focuses on task accomplishment —
users are provided with tasks they should be able to
accomplish if the system is designed correctly to meet
their needs and expectations. This research method
is called usability testing. During usability testing, if
users are unable to successfully accomplish tasks, re-
searchers identify patterns and findings as “usability
issues.” New design concepts are created (fig. 1c) to
help overcome usability issues and the new concepts
are tested with users. The design, test, and refine-
ment process is iterative and requires multiple rounds
of feedback elicitation and testing throughout the de-
velopment lifecycle.

User interface tmplementation: One of the goals of
version 6 of TABS is to modernize the overall user
experience while working in the TABS user inter-
face. The UI has been upgraded from a Java Swing
application to a Vue.js web application utilizing the
Vuetify material design library. Vue.js is a progressive
javascript framework built on top of HTML, CSS, and
Javascript. It is a reactive, component based frame-
work that also provides a compiler-optimized render-
ing system. Vuetify is a material design framework
that provides a large selection of components that help
give the Ul a consistent look and feel. In addition, the
UI makes use of Chart.js, Three.js, and Trame, for

2D and 3D modeling and results visualization. The
UT has a back-end written in Node/Express that uti-
lizes a MongoDB database and also interfaces with the
tabs-api Kubernetes orchestrator.

Cloud computing infrastructure: By adopting cloud
computing technologies, TABS will easily support on-
demand simulation requests from the new web inter-
face, via horizontal scaling. The various codes asso-
ciated with TABS for backend computing are being
containerized and then orchestrated on a Kubernetes
cluster. We have developed a RESTful API to help
with the management of these containers, allowing any
client to submit jobs and retrieve results. Our con-
tainers are being developed and hosted on GitLab,
leveraging continuous integration pipelines to build
updated container images and push them onto our reg-
istry. Our Kubernetes deployment pulls these images
directly from our registry for the API itself and the
simulation codes. The on-demand simulations are ran
as Kubernetes jobs. We are also leveraging a Simple
Storage Service (S3) instance for an API-based data
management solution. Thanks to that approach we are
able to share data across the web application, the back-
end API, and the multiple ad-hoc Kubernetes jobs.

TABS v6

It would be a near-impossible task to fully describe
the advancements and features of TABS v6. Instead,
in fig. 2 we briefly highlight some of the key innovations
and design changes in this upcoming release.

When first entering the tool, users are greeted with a
new landing page (fig. 2a) that more intuitively guides
users towards their goal. On first use, a panel on the
right orients the users to the workflow for building a
battery. Templates are available to quickly jump-start
simulations with battery designs that they might al-
ready be familiar with. Once users have their own
projects, they are also presented a searchable, filter-
able list of their projects for quick access.

The battery design page (fig. 2b) will be familiar to
previous users, but with significantly improved graph-
ical layout and an improved 3D to-scale view of the
battery (fig. 2¢). Because of the addition of electro-
chemical physics to the model, fig. 2d allows specifi-
cation of the voltage tap locations within the battery,
along with specification of the transient load (current,
voltage, or resistance) experienced by that tap.

The materials database experience has been com-
pletely revamped. To allow for carefree editing of
material properties, upon entering the database edi-
tor (fig. 2e), the user is greeted with an orientation as
to the hierarchy of material property databases. The
reference database of material properties that comes



(a) Low fidelity mockup

(b) First high fidelity mockup

(c) Second high fidelity mockup

Figure 1. Evolution of electrochemical boundary condition specification feature from low fidelity (a) to high fidelity (b, ¢) mockups.

with TABS cannot be edited, but users can freely clone
those materials and make modifications without fear
of messing up other projects. For new materials that
show promise, properties can be promoted to the user’s
personal database for use in other projects (fig. 2f), or
shared with the TABS developers for potential inclu-
sion in the reference database. The materials are easily
filterable and sortable.

Users have long asked for ways to make (and later
compare) tweaks on the same battery design with-
out creating new projects. In TABS v6, we are in-
troducing two new concepts. First is the “design it-
eration” (fig. 2g), which allows users to start with a
baseline battery design and make modifications to it
(e.g., change constituent material thicknesses or ma-
terial properties). Secondly, the user can define mul-
tiple “test conditions” for each design (fig. 2h), which
includes things like initial battery temperature, exter-
nal thermal boundary conditions, or loads on each tap.
Each of these design iterations and test conditions have
their own simulations, and the results can be compared
on the same plot (fig. 2k).

Prior to running simulations, a series of pre-checks
(fig. 2i) must be conducted to verify the validity of
the design and to calculate certain statistics about the
battery. The performance simulations themselves are
performed simultaneously for all test conditions using
secure cloud computing resources.

Finally, we have put significant investment into im-
proving the ability to post-process and visualize the
simulation results (fig. 2k). Line plots of key quan-
tities of interest are available, and you can compare
simulations for multiple design iterations and test con-
ditions on the same plot, exporting the completed fig-
ures for use in reports and presentations. Users can
also make multiple plots, customizing the content of

each one (fig. 21). Two-dimensional plots of calculated
variables are also available.

Summary

We expect that the advancements in TABS v6 (both
in terms of model capability and interface usability)
will be strongly desired by the thermal battery design
community. We expect to complete development of the
first production capability this year, with deployment
to licensed users in early 2024.
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(d) Specification of voltage tap loads. (e) Landing page for the materials database ed- (f) Ability to promote properties to user database
itor, showing the hierarchy of databases. after editing.

(g) Design iterations, allowing multiple simula- (h) Test conditions, allowing simulating multiple (i) Pre-simulation check calculates key metrics
tions per design. initial temperatures or boundary conditions si- to provide feedback before a full simulation, en-
multaneously. suring it will run well.

(i) Run simulations using cloud computing re- (K) Visualize simulations using line plots and 2D (I) Plots can be customized to choose which
sources and monitor progress. viewer, comparing design iterations and test con- color to use for each variable.
ditions simultaneously.

Figure 2. Screenshots of the new TABS v6 tool highlighting new elements over previous TABS versions.





