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“ 

we value our commitment to delivering  

whole body ultrasound 

in the rugged environments in which deployed 

“ 
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1. The medical device industry does not have specific 
standardized testing for durability. It is our belief that a 
rigorous testing protocol above and beyond the IEC 
60601-1 often applied to medical devices, is essential to 
ensure performance in challenging conditions over time.  

2. Point of Care Ultrasound (POCUS) devices are 
challenging to test comprehensively due to the many 
different environments in which they are deployed. This 
paper introduces two most common failure inducing 
stresses: vibration and temperature. These are examples 
of extremes met in medical emergency vehicles 
(helicopters and ambulances). Specific techniques are 
described. 

3. This paper is an introduction to the types of testing/
standards that the ButterflyiQ Product Integrity Team 
hold themselves to. It is in no way exhaustive.  

Key Take-Aways
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Ensuring medical devices can withstand the environment in 
which they are deployed is paramount. The ability for 
clinicians to trust that their device will perform in the extreme 
conditions in which they themselves operate is key to 
successful implementation and maximum impact on patient 
outcome.

Introduction

This paper explores the concept of durability as it applies to 
Point of Care Ultrasound (POCUS). It seeks to define 
durability, and to explain the mechanism/s by which it is 
tested in engineering as a critical part of product 
development.

Conventional standards for durability are adopted across 
many industries, such as SAE J1211 for the automotive 
industry, RTCA DO-160G for aerospace, MIL-STD-810 for 
defense, and IEC 60068-2 as a generic standard for 
electronic equipment. The medical device industry however 
does not have a specific standard. The IEC 60601-1 is used 
for electrical equipment safety and essential performance. 
This describes requirements for emergency medical service 
environments with regards to human safety, but not sustained 
use in the environment. It is our belief that additional rigorous 
testing above and beyond the IEC are essential to ensure 
performance in challenging conditions over time.  

Environmental extremes of heat, humidity and vibration are 
common in some POCUS applications - military, pre-EMS and 
rural/remote to name a few - and the ability for testing to 
push the device to the limits to ensure reliable performance 
when needed most is a priority. 
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In broad terms, durability describes the ability of a device to 
withstand the stresses inherent to the usage environment. 
Specific to POCUS, durability is measured first by 
determining the application environment, then by how well 
the device can withstand the stresses in that environment.  

The challenge in defining durability for POCUS comes from 
the wide application space. Applications vary widely from 
controlled environments like classrooms and clinical offices, 
to extreme applications for military field medics and 
paramedics.  As Butterfly iQ is designed to be an all-purpose 
device, with 19 different presets intended for whole body 
scanning, we choose to broaden the definition to cover 
multiple environments. The Butterfly iQ’s durability is the 
ability to withstand the worst case environment for thermal 
stresses and vibration stresses. We believe this provides a 
robust foundational baseline, critical when clinicians are 
looking to work with a device which they can trust. 

We approach the discussion in three phases. We start by 
describing the environmental factors we test, defining the 
values representing the extreme conditions expected. Then, a 
detailed description of test setup and pass criteria is stated to 
give transparency to the rigor of the process. Finally, the 
results of laboratory testing are discussed. This is a testament 
to how seriously we take this part of the industrial design 
process, and how much we value our commitment to 
delivering whole body ultrasound-on-chip in the rugged 
environments in which deployed. 

Definition

This is something that’s  
really practical for using in the field.  

It isn’t like anything I have ever seen before

Joslyn Joseph, MD MONOC EMS

“

“
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Different environmental simulations bring to light specific 
failure modes, which must each be tested to ensure the 
product incorporates robust thresholds into its design. Stress 
techniques are chosen to evaluate the two most common 
failure inducing stresses: vibration and temperature (thermal). 
Thermal environments for the Butterfly iQ range from 
rainforest (high temperature high humidity), desert (high 
temperature low humidity), and arctic (low temperature). 
Vibration extremes are a factor for how the device is 
transported with extremes in medical emergency vehicles 
(helicopters and ambulances). Specific techniques are 
described below. 

Environment Description

It is important to understand that our durability testing occurs 
on the probe. This is relatively unique in the environment of 
POCUS, where testing usually occurs only on the ultrasound 
system only, not the probe itself. This should be considered 
when comparing products. 

Testing Description

Stressor 1: Temperature 

1. Temperature Testing 

A. Static Temperature Testing 
These tests determine the performance characteristics of the 
POCUS device at the nominal operating range. Additionally, 
the delta between nominal temperature and the upper and 
lower operating limits are found. Four types of static 
temperature tests are performed; Operating Low, Non-
operating Low, Operating High, and Non-operating High 

B. Varied Temperature Testing 
Thermal shock and thermal cycling are used successfully to 
accelerate failures in devices, and are generally used in cases 
where the device encounters large temperature extremes. A 
military field medic is an example application where the 
POCUS device may be stored in a temperature controlled 
location then quickly exposed to a thermal extreme for use. 
The temperature extremes will expand and contract 
elements of the connectors. Robust non- testing takes place 
to ensure non-failure, that is that connectors do not fail as a 
consequence due to loosening, lack of contact or material 
failure. 
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Environment Description

2. Temperature Results 

C. Static Temperature Results  
 
These tests determine the performance characteristics of the 
POCUS device at the nominal operating range. Additionally, 
the delta between nominal temperature and the upper and 
lower operating limits are found. Four types of static 
temperature tests are performed; Operating Low, Non-
operating Low, Operating High, and Non-operating High 
Static Temperature Testing 
Operating high external environmental temp: 47C (software 
limit) 
Non-operational high temp: 110C 
Operational low temp: 1C (software limit) 
Non-operational low temp: -50C 

D. Varied Temperature Testing Results 
Thermal Shock: 20 cycles between 1C and 45C 
environmental temperature without failure 

Vibration data can be collected in real world situations 
and replayed through the vibration table. This not only 
can reduce the expense of field trials, the cost of which is 
often passed on to the user, but also allows us to predict 
the design and manufacturing defects on the unit before 
the unit ships. Transportation testing is performed on the 
unit to determine if failures will occur in transport. 
 
Vibration testing is a versatile testing modality. Some 
specific applications include: ensuring that devices that 
are mounted or stored to withstand vibration; ensuring 
that printed circuit boards in the POCUS device reach 
their destination without cracking due to resonances 
encountered in shipping; and ensuring that components 
on a printed circuit board do not encounter metal fatigue 
and fail prematurely. 
 
The non-operational vibration test verifies that the 
POCUS device will continue to function within 
performance standards after exposure to vibration 
experienced during transportation.

Stressor 2: Vibration 

3. Vibration  Testing 

A. Operational Testing 
 
We consider vibration testing essential in order to identify 
destructive resonances, and define our product integrity 
accordingly. In addition, we run a testing series to discover 
acceleration rates of metal fatigue failure. By applying 
electrodynamic vibration system-testing, testing time can 
be reduced from those of traditional servo-hydraulics. This 
is  because high frequencies can be used and acceleration 
levels can be increased.

B. Non-Operational Vibration Test 
Based on MIL-STD 810g Method 514.6 Category 4 
Truck/Trailer. Uses the US highway vibration exposure 
schedule Figure 514.6C-1 for when probes are being 
shipped. 
 
Results 
Non-operational vibration: MIL-STD-810g Method 
514.6 (Transit testing, tested in packaging)
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So, what do these results mean? For temperature testing we 
chose a range that represented better than 90th percentile 
for global surface air temp. The low range for operation was 
arbitrarily picked to be at 1C, this is due to the POCUS device 
power output. The power output converts to an internal 
temperature that is well above freezing. All static temperature 
targets were met.  

The varied temperature testing showed there is no evidence 
of negative impact to the POCUS device when quickly 
transferring within the operational limits. We continue to 
challenge our device in the development process, and look 
forward to providing more updates soon. 

Vibration limits were selected based on the most extreme 
condition (operational and non-operational) in order to design 
according to worst case scenario. At this time, transportation 
has been identified as the most aggressive stress. Because of 
the results of this test, packing material was designed to 
withstand the severe conditions. Research continues to find 
the limits of POCUS devices that are not in a package. We are 
excited to bring you updates soon. 

Discussion Conclusion

The durability of Butterfly iQ to ensure its ability to perform in 
challenging conditions, from the most chaotic emergency 
room to the most remote geographical locations, is important 
to us. We have described here but two of an extensive 
protocol of tests that are performed to ensure product 
integrity at scale, in the most challenging environments. We 
are committed to testing well above the standard generally 
used in medical device, IEC 60601-1.  

We have shown that the Butterfly iQ can meet the rigorous 
testing demanded of MIL spec hardware. Our next step will 
be investigating the strength margins we have for the 
demanded stresses. It is paramount for us to meet our 
durability tenets to run tests to create a feedback loop of 
continuous improvement. We will achieve this through testing 
to failure, understanding the underlying failure mechanisms, 
and improving our technologies to address the uncovered 
issues. 

Additionally, extensive research is being conducted to 
understand the nuanced requirements emerging to address 
the dynamic environment in which POCUS devices operate. 

For questions on the information described here or for 
additional resources, contact us at 
support@butterflynetwork.com  

mailto:support@butterflynetwork.com

