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Application of 
strain gages 

in Transducers

單秋成

Strain gage applications

� Strain gage layout for different 

applications

� Load cell applications

� Bending type

� Direct stress type

� Shear type
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Strain gage layout for 

different applications

單秋成

The Wheatstone bridge

http://www.ae.gatech.edu/people/jcraig/ae3145/Lab2/strain-gages.pdf
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Temperature compensation

� Active-dummy method

http://www.kyowa-ei.co.jp/english/images/whats.pdf

單秋成http://www.ae.gatech.edu/people/jcraig/ae3145/Lab2/strain-gages.pdf
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單秋成http://courses.washington.edu/mengr556/Examples%20of%20strain%20gauges.pdf

單秋成Full bridge gages for bending beam.

http://www.blh.de/wiring.htm
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單秋成http://www.ae.gatech.edu/people/jcraig/ae3145/Lab2/strain-gages.pdf

單秋成http://www.ae.gatech.edu/people/jcraig/ae3145/Lab2/strain-gages.pdf
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� For shear and torque measurement

單秋成
Load cell applications
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Basic spring elements

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Bending spring 

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Design considerations

Off-axis load

� Unpredictable accuracy.

http://www.sensorland.com/HowPage005.html

單秋成

Design considerations

Reduction in moment arm on deflection

� Non-linearity

� Minimized by minimizing the ratio of 

deflection to length of beam.

http://www.sensorland.com/HowPage005.html
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Design considerations

Membrane stress

http://www.sensorland.com/HowPage005.html

Deflection 
doubled.

Non-linearity 

exists

Effect of Off-
axis load 

alleviated

單秋成

Bending spring
a very simple means for producing effectively the same mode of double 

bending that occurs in either half of the sensing beams.

To function properly, the design must incorporate features to assure that 

loading can occur only along the intended axis.

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Bending spring

A significantly improved form of the preceding 

design is shown below, where the load sensing 

is accomplished with two beams, joined by 

relatively massive sections at both ends.

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

Off-axis insensitive

1. Moving the line 
of action for B or 
C to A.

2. Transform the 
resulting couple 
to forces in 
lower and upper 
arm.



11

單秋成

Bending spring

A commercial transducer design which represents 
a simple, elegant, and eminently practical solution 
to the problem is illustrated below.

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Bending spring

http://news.thomasnet.com/images/large/2004/11/457720.jpg
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Bending spring

http://pro-rsg.tripod.com/images/centerload.jpg

Deflection will cause a decrease in moment arm in a bending 

spring, giving rise to non-linearity. 

Previous dual-

beam too 
compliance

單秋成

Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

Another dual-beam cofiguration with no loss in sensitivity but 

improved stiffness (thus less non-linearity caused by shorted 

moment arm associated with deflection.)

Previous dual-

beam too 
compliance
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Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

Thickened 

Beam to 
improve bending 

stiffness.

單秋成

Bending spring

http://www.jinzhong.com.cn/chanpin/images/b-xg.jpg

http://www.jinzhong.com.cn/chanpin/images/l-ps.jpg
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Bending spring

http://www.ntt.dk/bending.htm
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Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

Two methods 
to eliminate 

direct stress 
in sensing 
beams

Loaded at 
center

Sensing 
element as 
neutral axis.
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Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成From Schenck catalogue
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Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Proof ring

http://courses.washington.edu/mengr556/lab4.pdf
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Proof ring

http://courses.washington.edu/mengr556/FEA_ring.html

Stress 
distribution

單秋成

Proof ring

http://courses.washington.edu/mengr556/FEA_ring.html

Strain 
distribution
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Proof ring

http://courses.washington.edu/mengr556/FEA_ring.html

單秋成

Proof ring

http://courses.washington.edu/mengr556/FEA_ring.html

Transverse 
displacement,

Symmetric 
about 
centerline
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Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Bending spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Shear web type

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Shear web type

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Shear web type

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Shear web type

Spring element in wheel form, with radial webs subject to direct shear.

http://www.sensorland.com/HowPage005.html
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Shear web type

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Direct stress spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Direct stress spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Direct stress spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Direct stress spring

http://www.pcm-uk.com/newpdfs/BiDirectionalBolts-0505.pdf
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Direct stress spring

Four-column load cell for increased capacity.
http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Direct stress spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Direct stress spring

http://www.blh.de/pdftg/306p21.pdf
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Direct stress spring

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Bridge completion

www. analog.com\library\analogDialogue\archives\39-05\Web_Ch4_final.pdf

單秋成

Bridge completion

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf
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Bridge completion

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成

Bridge completion

www. analog.com\library\analogDialogue\archives\39-05\Web_Ch4_final.pdf
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Environmental Protection

http://www.vishay.com/brands/measurements_group/guide/ta/sgbt/sgbt.pdf

單秋成
Clip gages
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單秋成Schenck Hydropuls Standard Machine Series PSB catalogue

單秋成Schenck Hydropuls Standard Machine Series PSB catalogue
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END
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