
HBK provides custom-engineered solutions for a wide vari-
ety of OEM applications that have a unique and demanding 
need to measure load, force, pressure, weight, or torque in-
cluding strain gages for custom transducer manufacturers. 

HBK also offers OEM gauging services through custom-
er-supplied parts. This paper will explain the process be-
hind a custom designed sensor solution from initial scope 
to performance definition, through the design and build 
cycle, to verification and validation. The basics of a strain 
gage based custom sensor design will be explained as well 
as how HBK engineers create a high-performance sensor 
that fits the customer’s equipment, rather than forcing the 
equipment to fit the sensor. 

HBK has more than 60 years in the measuring, testing, anal-
ysis, and custom sensor industry. The company provides 
OEM sensors to industries such as automotive, aerospace, 
agriculture, heavy equipment, on- and off-highway vehicles, 
civil engineering, energy, process weighing, and medical.

A successful project track for an OEM process begins with-
in the first 30 days when the customer and HBK have an 
introductory web conference to cover the scope of the pro-
ject including obstacles that might be presented.

Then, HBK engineers complete an initial concept drawing, 
perform FEA analysis, and submit the specs to the custom-
er for review. Modification or approval of concept drawings 
is finalized and a quotation for prototypes and production 
is submitted. From there, the prototypes are built at HBK’s 
Marlboro, MA location. The prototypes are fully tested and 
validated and are then shipped to the customer for their 
own testing and validation.
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STRAIN GAGE TECHNOLOGY

Different shapes and patterns of strain gages can be used 
in different applications; two of these are especially 
significant today: stress analysis and sensor design. Figure 
1 shows a basic strain gage; on the left are the different 
parts. The backing used on strain gages today is PEEK F 
(polyether ketone), a carrying material with advantages 
over G-paper and polyimide backings still used in high heat 
applications.

Measuring grids are usually made of constantan; they also 
can be made of nickel chromium. The wires are soldered at 
the connection pads at the end. An important feature of the 
strain gage is the end pads — the U or turnaround ratio. This 
is particularly important for creep control. Understanding 
material creep part of custom- building a sensor. 

All materials will exhibit some form of creep that is either 
negative or positive change with the application of the load 
over a period of time. Ideally, there should be a mirror effect 
of the gage to the material that gives zero effective 
movement on the load for a period of time. 

This is achieved through creep code or turnaround ratio. 
Figure 1 shows pads that act as an anchor at the end of the 
active grid. 

This creates a tension spring that puts gripping power at 
each end; for example, with a positive creep, the end tab 
loop would be smaller to reduce the tension and have less 
grip to flatten the response of the material creep. 

With negative creep, the tab loop would be increased to add 
more gripping power. The object is to get a constant load 
over a period of time. Creep happens when a nominal load 
is placed on and held for a period of time, generating a 
change in the output that will either be positive or negative. 

This can be controlled with the end tabs. Strain gages are 
applied in one of two ways. For stress analysis applications 
such as airplane wings or tow bars that are too big for a 
curing oven, a cold cure adhesive is used. The gage is 
applied quickly with little effort in order to maintain the 
proper gage adhesion for a functional test. The hot cure 
process is preferred when dealing with transducers or load 
cells because it provides a more consistent glue line to get 
the high accuracies needed. 

The right side of Figure 1 shows a load in tensile, or an axial 
load. The bar is pulled to change length in the vertical 
direction; in the horizontal direction, there is a reduction. 
There is a positive strain in the axial direction and a negative 
strain in the Poisson direction or width of the part. Another 
important feature of a strain gage is the gage factor. For 
constantan material, it’s typically 2. The gage factor is equal 
to a ratio of a small change in resistance to the small 
change in strain.

Figure 2 shows a typical Wheatstone bridge, which can be 
described as a baseball diamond. Home plate and second 
base are where the input voltage is applied. The offset or 
output voltage is measured between first and third, and the 
four active gages are between the bases. Internal to the 
bridge are two other pads. 

The one at first base is where the temperature compensation 
would be adjusted for zero load across the bridge. The 
material with temperature change can expand or contract, 
affecting the output of the bridge.

In order to control that, temperature changes must be 
compensated at zero to keep temperature stability in the 
load zone. On third base, one would adjust for a variation 
called zero balance. 

No Wheatstone bridge is perfect; strain gages will vary 
slightly in resistance. Leads and solder points will also vary 
in length and size and this all affects the total output at the 
reader. At third base is a tab where that is adjusted, returning 
the bridge balance to zero. 

To compensate for modulus changes through temperature, 
modulus compensation gages would be added to the 
excitation plus and minus.

This is where the effects of Young’s Modulus on temperature 
are corrected with the full bridge. 

Figure 1. Basic parts of a strain gage.
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Another way to do this is to build nickel chromium into the 
gage such that it offsets the Young’s Modulus of the 
material without having to use modulus compensation 
gages. 

Another application — a half bridge gage — contains two 
gages. In this case, one is in Poisson and one in axial along 
the center line of the element. 

This case would require four gages, so a duplicate set 
would be required on the other side in order to complete the 
bridge. In tension, the Poisson is negative for the axial’s 
positive, and vice versa for compression. 

With the Wheatstone bridge, there should be two positives 
and two negatives in order to form out the balance of the 
bridge. When performing torque measurement with a tube, 
and torque is applied or the part is turned, strains would be 
based on 45 degrees from center, bending the strain gages 
down at 45 degrees on either side — these are half bridge 
gages. One side is negative, and one side is positive. 

Therefore, a dual shear strain gage can be very useful in 
determining torque. It can also be used in a beam. By 
placing it along the central axis of the beam, putting the 
force on the end creates a positive and a negative. A classic 
example would be a cantilever beam where linear gages are 
placed across the top in axial position and across the 
bottom in axial position. 

As the beam bends, the top goes into tension and the 
bottom goes into compression. Two gages on either side 
complete the Wheatstone bridge.

The model in Figure 3 is a small actuated drive. The blue 
section is the actuator arm that feeds into a channel at the 
top, applying force to the device. This customer wanted to 
monitor the force being applied at the actuator arm. In this 
case, there was no room to put a commercially available 
sensor. 

The solution was to turn part of the unit into a custom 
sensor. The part chosen as the potential sensor is the 
actuator arm. How can material be strategically removed, 
or the part weakened so it has enough deflection to create 
the electrical output with a Wheatstone bridge?

The part was modelled, and a finite element analysis of the 
particular area shown provided the deflection (Figure 4). If 
removing material from a part is not an option in order to 
maintain a certain factor of safety, HBK can work on this. 

Keep in mind that when the design process starts, HBK 
looks to typically get about 1,000 micro strain out of the 
unit, or micro strain that gives approximately two millivolt 
per volt out of a Wheatstone bridge. 

If material has to be added back, it could affect the output. 
Once it is established as a working model and the gages 
can be put inside the hole, the Wheatstone bridge is 
completed and wired. 

Figure 5 shows the completed unit. Above the cable is 
where the hole was filled in and parted. This covers and 
protects the Wheatstone bridge, the gages, the tabs, and all 
the components of the sensing area.

BUILDING A CUSTOM SENSOR

Figure 3. In this small actuated drive, the blue section is the 
actuator arm, which feeds into a channel at the top, applying a 

force to the device.diamond

Figure 2. A typical Wheatstone bridge, described as a baseball 
diamond
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Another example of a custom design is a simple planar 
beam shown in Figure 6 that fits into a customer’s 
machine. 

The customer needed something that would measure a 
downward force; once it is applied in the center, the gages 
go in the arms on both sides. The Wheatstone bridge was 
completed, coated, and the part was ready to go. 

The next examples, shown in Figure 7, are torque 
transducers. There is a gage at the center off to the left at 
45 degrees; all the way to the right is another gage at 45 
degrees. 

This is a unit with four half bridge gages. To increase the 
accuracy of a unit and control noise, the number of gages 
put in each leg of a Wheatstone bridge between the bases 
can be increased. Two 350-ohm gages were placed within 
each leg of the Wheatstone bridge, creating a 700-ohm 
bridge.

The device on the left has a thermocouple added to 
measure running temperatures. In this case, the customer 
was looking for the amount of temperature that the unit 
actually sees during the welding process.

Figure 4. A finite element analysis was performed for
 the actuator arm 

Figure 5. The completed actuator

Figure 6. A custom design of a simple planar beam 
fits into a customer’s

Figure 7. Two torque transducer designs. 
The unit on the left has a thermocouple added 

to measure running temperatures.
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WHY CHOOSE HBK AS PARTNER 
FOR OEM CUSTOM SENSOR

By embedding sensors into a product, engineers can 
monitor and measure the force, pressure, or load on a 
component. Design engineers use the information 
resulting from collected sensor signals to build 
‘intelligence’ into products: systems monitoring, 
automatic control, performance optimization, 
autonomous operation, and other ‘smart’ behaviours. 

When standard sensors don’t fit the job, HBK will create 
custom OEM sensor solutions to deliver the data that is 
essential for real-time feedback and control. 

Innovative OEMs (Original Equipment Manufacturers) 
choose HBK as their partner because we provide a full-
service solution for sensors based on strain gauges:

	• Custom sensor design

	• Rapid prototype development

	• Scalable manufacturing of quality components

Strain gages, Sensors, 
and Electronics 

60 Years of Expertise 
OEM application

A partner from Design, 
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Scalable Production

World leading 
Production Facilities 

For more information visit:
www.hbkworld.com/oem-custom-sensors


