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Outline

• CEN TC 176 / WG2 – Sub-group 6 – Group and mission.

• Identification of relevant stresses and failure mechanisms for Thermal Energy Meters.

• ”Durability classes” and ”Installation classes”.

• Define reference environments for humidity (i.e. across Europe).

• Use acceleration models to determine duration of tests (humidity tests).

• Identify relevant test objects (if possible, with known field “durability”) for pre-testing (all).

• Pre-testing with relevant exposures (all). 

• Pre-testing with FORCE Technology’s cyclic humidity test profile, starting in 2026 (week 20).

• Tests are carried out in parallel at FORCE (Hoersholm, DK) and Jumo (Fulda, DE).
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CEN TC 176 / WG2 – SG6 – Group and mission

• 13 members of the group (all from WG2). 

• 3 meetings per year.

• Our job(s): 
Thorough definition of “Lifetime” (NOTE: “almost” the same meaning as Durability and Endurance). 

• “To define a suitable Accelerated Life Test for the electronics included in all sub-assemblies of a thermal energy 
meter, with respect to use in the environments: A, B and C, already described in the standard”.

• Liaise with “Subgroup 1” (”Durability of flow sensors > 10 years”), (most of us are participating in both groups).

• So far: 
”Lifetime” = Lifetime of batteries only, “Durability” = Lifetime of sub-assemblies.

• ”Succes run” strategy (all test objects shall ”pass”!).
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Identification of relevant stresses and failure 
mechanisms for Thermal Energy Meters
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Failure mechanisms in TE meters - Electronics 
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Stress 

parameter

Wear out failure mechanisms 

(acc. models apply)

Effect (Wear out failures) Overstress failure mechanisms 

(acc. models do not apply)

(use outside of specified 

operation conditions)

Temperature Diffusion, Evaporation, Thermal 

ageing (polymers), Relaxation

Bad contacts (+sticking reed contacts), component drift, 

Kirkendall voiding (bond lifting), dry out of electrolytic 

capacitors, “weak” displays (bad segments), “gate sinking” 

and “ohmic contact degradation”, Piezo ceramics 

(transducer), cable degradation/brittle (e.g. PVC, Silicone 

etc.), thermal contact paste degrades

Melting, Freezing, Boiling, 

Explosion, Tg transition (of 

polymers)

Humidity Sorption (Adsorption/Absorption), 

Corrosion, Hydrolysis), 

PCB tracks corrode, breaking vias, bad contact,  

component short circuit, plastic soaking with humidity and 

expanding, thermal contact paste degrades, cable 

degradation/brittle (e.g. PVC, Silicone etc.), 

Condensation

Vibration High Cycle Fatigue (HCF) Broken vias, broken solder joints, broken components (e.g. 

capacitors),  

M1, M2 and M3, “overstress” or 

specs.?

Thermal cycling Low Cycle Fatigue (LCF) Broken vias, broken solder joints, broken components, 

delamination withing transducer, bad contacts, 

xxxx

Voltage TDDB (Time Dependent Dielectrical 

Breakdown)

Relevant? EOS (Electrical Overstress), 

Electrostatic discharge

Current Electromigration Relevant? EOS (Electrical Overstress), 

Others Creep, Wear, Ultra Low Cycle 

Fatigue, Rats, Water (flooding)

Buttons wear, bearing of mech. meter (covered in other 

group), self-cutting screws in housing (design related), 

Impact, 

Combined Fretting corrosion, Migration, 

Corrosion, TDDB, Electromigration

Relevant?

UV light Photo chemical degradation, Degradation of housing/cables, ONLY RELEVANT FOR 

OUTDOOR USE! 



Failure mechanisms in TE meter – Electronics

Result:

• Temperature (static)

• Temperature changes (=Thermal cycling)

• Humidity (static)

• Humidity (cyclic, i.e. ”pump effect”)

• Some durability tests are already covered in 2022 standard.
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”Durability classes” and ”Installation classes”
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Durability classes – paintings (coatings)

Durability classes – paintings (coatings), an example -  could it work for us?
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Status for WG2 - 11th March 2025
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Define reference environments for humidity
(i.e. across Europe)
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Define reference environments for humidity

• We need to define at least:
- ”Domestic indoor” = Env. class A (ABK suggests: 25 deg C / 50 %rh).
- ”Domestic outdoor” = Env. Class B (ABK suggests: Billund / DK on next page or other?)
and choose:
- Tests for ”Cooling” (i.e. should they be different?) ABK-> Could be the same but with different liquid temp.
- Tests for ”Heating” (i.e. should they be different?) ABK-> Could be the same but with different liquid temp.
- ”Static” and/or ”Cyclic” (for which environments)? ABK-> Could one test include both?

• Different types of ”cycling” (condensation on cooled parts only or condensation on ”all” parts)
NOTE: Liquid water might be ”pumped” in/out in both types!
NOTE: Pumping (vapour!) is rarely dominating (i.e. diffusion through small holes or polymer is normally
dominating)!

• Maybe one (cyclic) type of test could be good enough (Kentved)!
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Define reference environments for humidity

“Classification” of use environment (indoor and outdoor sheltered) using Hallberg-Peck equation
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Use acceleration models to determine duration of 
tests (humidity tests)
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Humidity (static) – Hallberg-Peck

Acceleration factor (our model parameters are from IEC 62059-31-1 = “Electronics corrosion”) 
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Humidity (static) – Lawson



Test profile

• Test profile “adapted” to EN 1434 levels (i.e. Thigh = 55 deg. C and Tlow = 5 deg. C) for env. Class A/C.
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Test profile – Acceleration factor

• Acceleration factor (87 times) based on equations for “Corrosion of electronics”.

• Test with 30 (or 35) deg. C water instead of 6/15 deg C to increase diffusion rate through polymer (4-8 times).
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Pre-testing with relevant exposures

• Test objects from Kamstrup tested at FORCE (Hoersholm, DK).
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Pre-testing with relevant exposures

• Test objects from Jumo test at Jumo (Fulda, DE).
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Pre-testing at FORCE Technology
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Pre-testing at FORCE Technology

• 15 weeks of ALT corresponding to 25 years in DK, indoor and outdoor sheltered (i.e. milder than 25 deg C / 
50 %rh). 

• Functional test every week at 25 deg C / 50 %rh stable conditions, including:
- Determination of volume error on flow sensors.
- Determination of deltaT error on calculators (with fixed resistors placed outside climatic chamber).
- Determination of energy measurement error on calculators.
- Determination of temperature measurement error (absolute) on T-sensors mounted in flow sensors.
- Measurement of insulation resistance on second T-sensors.
- Visual inspection of calculator displays.
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Pre-testing at FORCE Technology
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Pre-testing at FORCE Technology – So far…

• The test seems to produce the right results in the expected environment.

• The calculated test acceleration and durability estimates are plausible.

• Final analysis of results is on-going.

• Test profile and set-up can be reproduced in different test labs.

23



Questions?

• Title:

CEN/TC 176_WG2 – Sub-group 6 - Durability of electronic parts and product life extension

• Abstract:

Information to the ongoing SG6's approach to developing estimates of measurement stability of electrical and electronic 

components and assemblies

• Author:

Head of CEN/TC 176_WG2 – Sub-group 6

Anders Bonde Kentved 

B.Sc.Eng. 

Specialist 

Engineering, Test & Calibration 

FORCE Technology

• Co author: (Speaker)

Jesper Eriksen 

B.Sc.Eng. 

Engineer 

Liquid Flow & Type Approval

FORCE Technology 
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