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How PiezoBolts outcompete standard load cells

Operational experience with sensoric fasteners

September, 15t — 16t 2026 in Darmstadt, Germany



Providing orientation in challenging surroundings [YdSenses
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Agenda [dXdSenses

" Business cases: Measuring in bolts vs. measuring with bolts
= Functionality of PiezoBolts

"  Force measurement in technical systems

=  Comparison between load cells and PiezoBolts

* Embedding multisensor / multiphysics-systems

=
Si
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Practical example [XXdSenses

Bedienerseite

Farbe der
Messdaten

Bedienerseite

Bolt failures =»
1) Expensive damages
2) Machine shutdowns
for protective changes...

B2 A &L ) R
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A) Fundamental understanding of the sensor [XXdSenses

Observation / discussion Lunch / Proof of
Measuring in bOItS phase changes “success
- Understand bolted connection < w92
Tightening, loosening, breaking, bolt loads... & N L . &
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B) Fundamental understanding of machines / designs [lflSenses
"
Measuring in bolts Measuring with bolts

—> Utilize innovative force sensor
=  Machine / Product

- Understand bolted connection

Tlghtghlng, loosening, breaking, bolt loads... > Adjusted designs

" Specification - More performance
j Sl » = Design - Less material
e B, = *  Analysis -> Faster development
| ’ﬁ ? "  Process
Steifigkeit unbekannt,
ll &y aber tendenziell weich. n Understand|ng 9 Ta rgeted ada pt|ons
_ Funs f = Design -> Better timing
e Y g B - Knowledge transfer
ll —ﬁi § AV & =  Control ¢
Dehnungen [um] u Da m age
»  Analysis -> Root cause analysis

- 24/7 supervision
- Flight box systems

. Protection
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Design of durable sensoric fasteners (PiezoBolts) [XXdSenses

. T B
Production

= Standard bolt body

= Geometry cutting

= |nsertion of sensor body
= Joining, labeling

Properties
=  Robustness
= Highest piezo-prestress in unloaded bolt situation
= No polymers in force flow
= No additional surfaces (like threads)
=  Sealed setup
= Performance
= Highest resolution example given:  e.g. PB16: 10 N .. 100 kN

=  Sample rates up to 40 kHz
= Built for 24/7 applications
SIME



Metric standards available (different lengths on stock) [XXdSenses

Yamanaka Eng
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Strength of PiezoBolts exceeds standards oin 912/150 4762 [XXdSenses

Static strength Dynamic strength

[N/mm?) 150
| 5 o
/ £ o : LT
M168.8 M16838 I §3 [[H]H:IIW @
DIN 912 PB16 g% o il
A= B kleinste Fléizche i‘:= 5 d;;é4l;16r;2m I i: § @
‘;u:o.zmm—g";::/mm di= ;:‘da:]ﬁ-‘am"’ ’ %6 & 10 20 40 [mm]
dy= kleinsterd A= 181,43 mm? I Gewindedurchmesser —=
d= 14,701 dy= 13,546 mm
di=  13,586mm A= 14412 mm? I A
= 90 % zZ (A
o= 01 =4 YRt < i
Pl =4 J1+3[%5ﬁ(nid2+1,155u&m)] I A A g AW/I VY F
I g v‘ FZN g \/(!‘ FZD Strains [umr
byl s 7N i B A
I 2 FB - £ FB ..
Bp < By, Fg = const.
I Strains [um] > Strains [um] > = FZQ < FZN
1) Static strength identical 2) Dynamic strength better (refer to Expansion bolts)

3) Tightening factor a (voi2230) can be assumed as 1 if bolt tension is measured with tightening tool.

=
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Take home messages [XXdSenses

1. Measuring in Machine element # Measuring with the machine element

2.  Smartly sensorized machine elements do not reduce the system performance

g!)))
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So far any questions, complaints, comments? [XdSenses
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Why PiezoBolts often outperform load cells... [YdSenses

In every mechanical system...
1) FO rces matter d nd (as a matter of a fact) fO rces are |nV|S|b|e (and for let’s face it a really abstract concept)

2) Every force measurement is ALWAYS a strain measurement”

3) Usage of force data is mOStly numeric (numeric controls, analysis, storage)

Information processing stages

. Force — strain — optic — electric — numeric

. Force — strain — electric — numeric

u Force — strain — time — electric — numeric

= Force — strain — thermal — electric — numeric

Al F

. . Al
- In most technical systems you want to control strains N = known (mostly high) E'A. T =

*Situation in systems of fluid dynamics; electrodynamics the situation is different: Particles are

ConSenses GmbH | 16-09-2026 | 12 moving freely, trajectories can be tracked to calculate forces and strains do not matter.



Did you see the competing targets? [¥XdSenses
. T

In every mechanical system...
1) FOFCES matter and (as a matter of a fact) forceS are |nV|S|b|e (and for let’s face it a really abstract concept)
2) Every force measurement is ALWAYS a strain measurement”

3) Usage of force data is mOStly numeric (numeric controls, analysis, storage)

Information processing stages

. Force —|strain — optic  electric — numeric Measurement prefers huge strains
u Force —|strain — electric — numeric

u Force —|strain — time - electric — numeric ;7

. Force —Istrain — thermial — electric — numeric Precise machines prefer small strains

. . Al Al F
- In most technical systems you want to control strains N = known (mostly high) E'A. T =

*Situation in systems of fluid dynamics; electrodynamics the situation is different: Particles are

ConSenses GmbH | 16-09-2026 | 13 moving freely, trajectories can be tracked to calculate forces and strains do not matter.



1) Load cells reduce stiffness [XXdSenses

a)

3

STME



Sensitivity allows measurement in lateral contraction [dllSenses

Bolt analysis Substitution of load cells

a)
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2) Considerations on torque and bending an overload [HXiSenses

|

[Ydsenses

I

=

Same sensor material (type and quantity)
applied in sensor center sensor will always
outperform eccentrical location by

- Simplicity

- Robustness

- Precision

STME



Features summary

Pressure-overload is a risk

Reduction of system stiffness Depends

@ Depends

[YdSenses

NO
NO
No Yes

Integration effort

©
©
Bending and torque sensitive @
©

Positive side effect:
PiezoBolt shape enhances dynamic bolt functionality

=

STME

=
=



w What about...
~ wires and strain gauge sensor-bolts?

"Dieses Foto" von Unbekannter Autor ist lizenziert gemall CC BY-SA el


https://www.successfulagiletransformation.com/the-essential-skill-you-need-to-become-the-effective-coach-you-want-to-be-psychological-flexibility/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/

Wires & strain gauge sensor-bolts [XXdSenses

. https://www.youtube.com/@tudarmstadt/search?query=schraube
Wires

1)  Deciding about signal transfer is a
matter of engineering processes

2)  Depending on reliability need data
throughput and available energy

different solutions are considerable ConSenses

3)  Robustness and usability is a matter 3D
of proper planning during the design measurements
stage in bolts 2013

4)  Costs and systems benefits are
extremely competitive for proper

designed wires - Sensor-bolts need 4 \/
extreme amplifications z i
since additional bolt i A
B
= force is by default small!
STME T



Take home messages [YdSenses
"
1. Start reconsidering what matters in the measurement tasks
2. In practice usage of wires is a matter of engineering design and not of faith
3. Commonly used approaches are not naturally the best practice

= Keep mind: Engineering is not naturally following the herd ©
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So far any questions, complaints, comments? [XdSenses
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A sensor is ho solution [YdSenses

ConSenses approach is

--- Giving orientation ---
by
a) Producing a realistic image of actual machine behavior based on
measurement which consists of
a) Force, acceleration and precise position data values
b)  Organizational information for the current state
b) Prepare, distribute and introduce high value datasets

a)  Delivering the right information in the right shape at the right time to the right person
b)  Collaborate with partners to build best possible solutions

=

STME



ConSenses contribution [XXdSenses

Domain ~ =N st
knowledge, Sensor . MMM 140 AR AL i1) 4

integration solutions + load cells
planning (@) .
+ Strain gauges

)

maintenance

N -
Quick
System Q [ mounting /

nhancement

h Buyer testing
/ redesign m @ X
m solutions

Sales person

@
dh

m Planer o
eveloper @ CEO setuper .
24/7 @ Organizational

Applications m data

L Mg )

CIO
‘ Tool maker
Swift analytics




Thank you [XXdSenses

Questions
Remarks

Comments

L—’!)))
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