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Weight – a permanent design issue?

• Does aircraft weight effect fuel consumption?
• Will air pollution control issues demand lower 

fuel consumption?

• Will the fuel price rise in the future?

YES!
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Main factors in bolt design (simplified)

• Operating forces � maximum bolt load
• Construction criteria (e.g. available space, 

flange dimensions) � bolt number and diameter

• Tensile strength � material selection
• Precision of tightening process � design 

provision = additional margin

Iteration may be necessary
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The clamp load holds the 
components together

Basics of the clamp load

Unavoidable friction 
scattering leads to large 
clamp load scatterings
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Factors of influence
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Example of friction scattering

Observed clamp load for various under bolthead and screw tread 
friction coefficients µ K , µ G = 0,08 - 0,18
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Average value
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Example M30, Material 10.9

Shoulder stud with standard 
metric thread  according DIN 13, 
Part 13

Head measurement according to 
DIN 931/912

Values from  VDI 2230, Page 1

Variation + / - 46 %
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Tightening factor: aA

• Depends on selected tightening process
• Depends on precision of tightening tools

• Friction scattering is independent from tools and 
process � bolt quality and treatment (e.g. 
proper lubrication) have bigger impact

• Applying torque is the most popular way of 
tightening bolts

• Torque is most sensitive to friction scattering

A typical tightening factor (� A) for torque = 1.4
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Example of bolt calculation (d=9,5 mm) conventional  and 
optimised by the utilisation of PMTS
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FSA = fraction of operation
force FA, which loads bolt
additionally

 Deviation of assembly clamp
load as well as friction losses,
embedding losses and system
inaccurcies

 FPA = fraction of operation
force FA in axial direction,
which unloads the clamped
parts

remaining clamping load

required 
clamping force

Target clamp load

load limits of boltsreserve factor = 1,15

reserve factor = 1,46

reserve factor = 1,2

Weight saving example

� Ti / � Inconel = 0,58
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205.0001.5107,8Inconel 718

110.3001.1504,46Titanium

E modulus

[N/mm²]

Tensile Strength

[N/mm²]

Density

[g/cm³]

Material

Material data:

1.920

560

1.360

Amount

21,3037,26Sums:

3,426,110,75,98NSA5378-
4-14 (1/4“)

17,88132331,28NSA5378-
6-18 (3/8“)

Weight

Titanium
[kg]

Weight / 
Bolt

[g]

Weight / 
Bolt

[g]

Weight

Inconel 718
[kg]

Type

Weights:

~ - 16 kg

Weight saving potential 
Freight loading system PFW 

Preliminary Design 

Load approval open
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This enables:
• Measuring during assembly and 

at any time after assembly
• Verification of the minimum 

clamp load 
• Prevention of excessive clamp 

loads during assembly
• Preload independent from the 

assembly process
• Indication and evaluation of the 

achieved clamp load in bolt joint 
conditions

• Documentation of the clamp load

Direct measurement of the clamp load



PMTS-Technology: Transducer

• The transducer is a 
real part of the bolt

• Direct contact avoids
all handling and 
coupling errors

• Every bolt has its own
transducer

• Successfully tested in 
assembly and in flying
aircrafts
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Transducer Production

High vacuum plasma
coating process 
(Sputtering)

Impact of Ar ions on to 
coating sources (metal / 
metal oxide targets) – with 
consequent release of 
coating materials
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Measurement: Referenced

Utilisation of  
Longitudinal Wave

Time-of-flight
Measurement
(Pulse-Echo-Method)



Aerospace Testing Hamburg April 2006

Calibration

• Replication of bolted joint 
connection

• Calibration with load cells 
or tensile machines

• Determination of 
measurement parameters 
and temperature coefficient

• No input of material data!

Principle: delta load vs. delta ultrasonic Time Of Flight
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Precision of time-of-flight measurement
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Clamp load
measurement
(Delta TOF)

Base time-of-
flight (BTOF)= 10 kN

Less than 0,2 % of time-of-flight change
delivers an exact result of the clamp load

Example:

M 10 x 70

Joint length 50 mm
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Battery powered portable instrument

The measuring device 
LP3000B allows fast control 
of the clamp load and 
provides:
• immense memory capacity
• easy handling
• Windows XP™interface
• interfaces (web / USB)
• power driven automatic 

tightening tool control
• documentation software
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Integration in tightening tools

Automatically driven tools 
directly adjust the desired 
clamp load, not torque
Example: Integration of
• PMTS technology
• Autom. tightening tool
• Barcode or RFID reader
• Temperature compensation
• One Key Operation
• Documentation Software
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PMTS contribution to tightening

• Display of actual clamp load
• Independent of loading technique i.e. torque
• Lower tightening factor aA – weight reduction
• Lifetime extension by precise control and 

measurement of clamp load (works against fatigue)
• Integration in tightening tools
• Cost saving in assembly, maintenance and 

inspection
• Documentation of clamp load (also online)
• Integration of bolt monitoring in Condition Monitoring 

Systems
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Quality assurance

Certificate handover on 5th of April 
2006 during Aerospace Testing in HH

TÜV SÜD certificate (Oktagon) for 
Aerospace Industry

(additional) NDT step for bolts100% control of transducers

In progress, certificate planned until 
August 2006 

DIN EN 9100:2003 aerospace QM 
certificate (based on DIN EN ISO 
9001:2000)

For all measurement devicesTÜV SÜD CE conformity certificate

Confirms precision of measurement 
technology in combination with PMTS 
transducer, +/- 6% for bolts bend up to 
2°according to Student’s distribution, 
real measured values: +/- 3% (quantity 
of readings too low for acceptance of 
Gauss distribution)

Germanischer Lloyd Wind,
Product Certificate for PMTS

Production Part Approval Process; 
basis for achieved approvals of 
different aerospace customers 

PPAP process acc. ISO 9000
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Synopsis

• PMTS: tighten to exact design clamp load
- Independent of assembly process and friction variation

• PMTS: verifies embedding processes in bolted joints
• Allows for reduction of tightening factor in bolt design
• PMTS is a tool and monitoring device that is used to 

reduce the weight of aircraft components


