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Improvements from deepwater testing

• API 19G2 – 1st Edition 2010

• Bellows Testing

– Life Cycle 

– Differential Submergence

• R value testing

– At what dome pressures will the R values become distorted?

• Chatter Testing

– Dampening system designs

– Dampening Fluids

• Check Testing

– Pressure and temperature confirmation of specific seal designs



What is a Bellows?
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• Expansion joint made by forming convolutions into a metal tube

• Bellows exhibit a characteristic of flexible-rigidity.

• Pressure vessels that convert changes in internal/external pressure into an 
applied force. 

• Bellows deflect in response to an applied force and exert a reactive force.

• Bellows compensate for motion and vibration and absorb 
stresses/deformations caused by thermal expansion. 

• Two types mainly used in gas lift industry: Formed and Edge Welded

• Vast majority of gas lifted wells are utilizing formed bellows

• Used in a variety of industries and applications - used for mechanical 
actuation in the gas lift industry.

Formed

Edge Welded



Bellows in a Gas Lift Valve
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• A nitrogen-charged dome pressure exerts a closing force on the 

valve’s seat by axially extending the bellows. 

• Combination of Injection pressure and tubing pressure opens 

the valve

• The bellows compresses which lifts stem off seat and allows the 

flow of injection gas.

Typical IPO Valve



Gas Lifting Scenario

closed

closed

closed

open

closed

Injection

gas

100

1100

300

500

700

900

Stem open/check open

Stem closed/check open

Stem open/check closed

checked

checked

checked

checked



Bellows Facts Related To Operation of a Gas Lift Valve
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• There is an optimum length and quantity of convolutions to achieve:

o Maximum inward and outward pressure rating

o Optimum stem travel

o Reasonable load rate

o Maximum cycle life

• Typical stem travel for 1” gas lift valves is approximately .160”

• Typical stem travel for 1.5” gas lift valves is approximately .250”

• Cannot be over extended or over compressed or it will fail prematurely

• Must be packaged in the gas lift valve to allow enough stem travel for full open area equivalent of largest port size flow area

• Bellows can fail in the open and closed position

• Cycle testing measures the life cycle of a bellows 

• Aging testing qualifies the maximum submergence differential of a bellows without sacrificing significant cycle life



Formed Bellows Forming Process
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• Material is 3 ply metal sheets which are 0.005” 
thick (0.015” total thickness)

• Bellows is then formed by hydroforming or 
mechanically forming

• The material used for most all formed bellows  
gas lift valves is 400 Monel with some special 
applications being 625 Inconel



• Raw tube (~9”)

• Formed Bellows (~3”)

• Crimpled Bellows (~2”)

Image courtesy of Alloy Precision Technologies Image courtesy of Alloy Precision Technologies 



Formed Bellows are connected by induction welding

Bellow Adapter Assembly

Top Bellow Assembly

• Induction welding is a type of welding that 
fuses two or more metals together using 
resistive heat caused by changing 
electromagnetic fields – Corrosionpedia 

• The changing magnetic field is typically 
induced through the use of an alternating 
current that runs through conductive coils -
Corrosionpedia.

• The induced heat melts the solder ring and 
fuses the components together



Weatherford Cycle Tester

Gas Lift Valve cycle testing is a requirement per API 19G2



Bellows Life Cycle Testing

– Bellows dome pressure 1000 psi

– Higher dome pressures can also be applied to confirm operational integrity

– One cycle applies ~1400 psi to valve and then bleeds to ~800 psi

– 3500 cycles is minimum requirement in API 19G2

– One cycle shall complete in 30 to 90 seconds

– Water with mineral oil is used



Major Bellows Life Cycle Tests



• Chatter is when a valve cycles open and closed at very high frequencies, 

usually when the combination of upstream pressure downstream 

pressure and flow rate causes the valve to reach a resonant state. 

• Causes of valve chatter

 Valve dampener system not functioning properly

 High sustained operating differential pressure

 Too large port for injection gas rate applied

Gas Lift Valve Chatter

Suspected 

Chattering 

Region



Submergence Differential Pressure

Natural Submergence Differential: (10,000’)(.520 psi/ft) – 1000 psi = 4200 psi

Test Submergence Differential: (10,000’)(.520 psi/ft) - 1000 psi + 4000 psi = 8200 psi

1000 psi

4000 psi

GLV at 10,000’



Conclusions

• Bellows life cycle testing is a good indication of the integrity of the bellows design arrangement and bellows 

quality

• Bellows designs must be tested and qualified

• Bellows suppliers must be tested and qualified

• Each specific sizes from each bellows supplier must be tested

• One size bellows from a specific supplier does not mean the other size will perform the best

• Chattering of a gas lift valve will often be the root cause of a bellows failure but is often overlooked

• Above a specific dome pressure, the R values will become distorted

• Exceeding a specific differential submergence pressure on a gas lift valve will cause immediate failure or 

drastically reduce cycle life



Acknowledgements and Questions

• Acknowledgements to the Weatherford Engineering Team for extensive detailed testing



Copyright
Rights to this presentation are owned by the company(ies) and/or author(s) listed on the title page.  By submitting this 
presentation to the Gas Lift Workshop, they grant to the Workshop, the Artificial Lift Research and Development Council 
(ALRDC) rights to:

• Display the presentation at the Workshop.

• Place it on the www.alrdc.com website, with access to the site to be as directed by the Workshop Steering 
Committee.

• Links to presentations on ALRDC’s social media accounts.

• Place it on a USB/CD for distribution and/or sale as directed by the Workshop Steering Committee.

Other uses of this presentation are prohibited without the expressed written permission of the company(ies) and/or 
author(s) who own it and the Workshop Steering Committee. 



Disclaimer
The following disclaimer shall be included as the last page of a Technical Presentation or Continuing Education Course.  A similar disclaimer is 
included on the Gas Lift Workshop webpage.

The Artificial Lift Research and Development Council and its officers and trustees, and the Gas Lift Workshop Steering Committee members, and 
their supporting organizations and companies (here-in-after referred to as the Sponsoring Organizations), and the author(s) of this Technical 
Presentation or Continuing Education Course and their company(ies), provide this presentation and/or training material at the Gas Lift Workshop "as 
is" without any warranty of any kind, express or implied, as to the accuracy of the information or the products or services referred to by any 
presenter (in so far as such warranties may be excluded under any relevant law) and these members and their companies will not be liable for 
unlawful actions and any losses or damage that may result from use of any presentation as a consequence of any inaccuracies in, or any omission 
from, the information which therein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are those of the author and not necessarily those 
of the Sponsoring Organizations.  The author is solely responsible for the content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond the source documents, although we do make 
every attempt to work from authoritative sources.  The Sponsoring Organizations provide these presentations and/or training materials as a service.  
The Sponsoring Organizations make no representations or warranties, express or implied, with respect to the presentations and/or training 
materials, or any part thereof, including any warrantees of title, non-infringement of copyright or patent rights of others, merchantability, or fitness or 
suitability for any purpose.
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