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1- Introduction: HBM Global Footprint

HBM development 

centers (9)

HBM representatives in 

over 50 countries (33)
HBM production 

facilities (3)

sales and service 

centres (26)
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1- Introduction: Torque Sensor Market: Segmentation

Power Generation & Renewable Energy

Wind Turbine Testing

GenSet

Micromechanical Drives

Engine Testing, Load Unit 

Drive Testing, Transmission 

Brake, rotary switch testing…

Automotive, Industrial Drives

Viscosity in chemical liquids

Biomechanical actuation

Medical, Chemical and Pharmacy

Aviation, Aerospace and High Speed

High speed engines incl.        

power measurement

Micromechanical Testing

R&D

Labs

Gas Engine Monitoring

Gas Compressor Efficiency

Offshore Application Ship Engine, Oil & Gas

5



©
 H

B
M
1- Introduction: Torque Sensor Market: Segmentation

Source: PTB

0,1 N·m 300 kN·m

Nominal torques at HBM

10 MN·m
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• Centered around; Ship construction (shipyards) / Marine equipment (shipyard supply industry) 

• Major shipbuilding region are:  Asia (South Korea, Japan, China, Singapore) / Europe (Germany, Italy, Netherlands, 

Romania)  

• The last five years, India, Vietnam, the Philippines and Brazil have acquired substantial order books → become larger 

players than most European countries.

• The marine equipment → highly heterogeneous Subsector many relatively small companies→9,000 suppliers worldwide 

Total market value was estimated at € 57 billion (2005) 

2- Ship Engines: Market Figures & Engines Segmentation

Ship Engine:

• Low-speed: <300 Rpm

• Medium-speed: 300 <Rpm < 1100 

• High-speed:  >1100Rpm

Wärtsilä

MAN

Rolls-Royce Marine (incl. MTU)

Caterpillar Marine

ZF Marine

Yanmar

Hyundai Heavy Industries (HHI) (South-Korea),

Doosan (HSD) (South-Korea) Manufacture for MAN & Wärtsilä

Mitsui (Japan) licensee of MAN B&W diesel

Mitsubishi (Japan): Joint venture with Wärtsilä

Hitachi Zosen(Japan) Licensee of Wärtsilä and MAN B&W. 

Diesel United (Japan) Licensee of Wärtsilä and SEMT-Pielstick 

Kawasaki (Japan) 

Scania 

Ship Engine Manufacturers Source: Tognum

Low Speed: Wärtsilä, MAN Diesel and Mitsubishi Heavy Industries

Mid Speed:  Wärtsilä, Caterpillar (MAK) and MAN Diesel

High Speed: Rolls-Royce, Caterpillar (MAK), Cummins, Volvo, MHI…
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2- Ship Engines: Market Drivers & Challenges
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Market Drivers

• IMO Regulation → NOx, Sox, GHG emissions < 70%

• Costs efficiency→ Gas engines more efficient 

• Operational advantage → More space 

2- Ship Engines: Market Drivers & Challenges

Solutions: 

→ To install SCR (Selective Catalytic Reduction) and 

EGR (Exhaust Gas Recirculation) systems in engine 

systems to minimize emissions.

→ The second solution (namely LNG-fuelled engines) 

which can meet IMO TIER III standards without adding 

any auxiliaries. Lean-burn gas engine manufacturers 

mainly include Wärtsilä and Rolls-Royce. 

Emission Control Area 
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3- Correlation between Pressure and Torque

Lean burn Principle: High air to fuel ratio (about 2.1:1). 

The heat energy released by the burning fuel is use to heat this extra air

Advantage → limiting combustion temperatures

→ Low NOx emissions (<1g/kWh)

Mixture Too Rich (below 1.9:1) → Knocking
when combustion of the air/fuel mixture in the cylinder does not start off correctly 

in response to ignition by the spark plug, but one or more pockets of air/fuel 

mixture explode outside the envelope of the normal combustion front.

Mixture Too Weak (above2.2:1) → Misfire:
an overly lean air-fuel mixture can lead to a failure to ignite in the combustion 

chamber, 
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The power produced by the engine =  (the work 

done per operating cycle) multiply by  (the 

number of operating cycles per second.) →

P=W x n

If N is the number of revolutions per second, and 

is the number of revolutions per cycle, the 

number of cycles per second is just their ratio. 

So we can write 

By definition:

Since the torque T is 

related to the angular 

speed  & power produced 

by

Characteristics of a gas engine
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3- Correlation between Pressure and Torque

HBM: business document
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Indirect
Methods

strain gage
on drive

shaft

torsional
angle

phase shift 
by encoder

cylinder
pressure

Direct Method

- Inline 
torque

transducer

4- Torque / Load Measurement Methods
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4- Torque / Load Measurement Methods: Indirect Measurement
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 Concomitants Measurement 

Uncertainties:

• Geometry

• Material properties
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Parameter Symbol Approx. tolerances / %

Speed n 0.1

Shaft diameter d 0.01

Young’s modulus E 5…10

Poisson's ratio 3…5

Gauge factor k 1

Torsional angle 0.1

Shaft lengtht l 0.01

strain gage on drive shaft

torsional angle
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• Torque Measurement 

• Temperature Effects

4- Torque / Load Measurement Methods: Direct Measurement

Strain is converted into change of resistance

Resistance is proportional the introduced load 

(torque) 

𝑈𝐴

𝑈𝐵
=
𝑘

4
𝜀1 − 𝜀2 + 𝜀3 − 𝜀4

R/R = k ·

U
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U
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• Tensions are occuring under a 

angle of 45°

• Tensions creating a strain on 

the surface of the measurement

body
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4- Torque / Load Measurement Methods: Comparison

Source: Wärtsilä

Input variables

Tolerance of e.g. 

on site strain

gage installation

Tolerance of

torque

transducer

Youngs modulus 2 … 5% ~ 0%

k - factor ~ 1% ~ 0%

Shaft geometry ~ 1% ~ 0%

Strain gage

positioning
1 … 5% ~ 0%

Temperature impact 2 … 5% ~ 0,1%

Total 
5 … 7% , not

detectable

~ 0,2 … 0,3% , 

detectable

Indirect method Direct method 

Measurement of true torque (no 

calculations E, diameter, length, angle, …) 

Measurement of high dynamic torque

Very high accuracy 

Calibration certificate

For high-end measurements 

Requires additional space

High initial investment

Flexible installation

Low initial costs

No additional inertia

Fair to low accuracy

Auxiliary data

Downstream computation

No calibration certification
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• Testing 

→Ship Engine Testing: Standard torque application.

→Thruster Testing

→Propeller Testing 

→Gearboxes Testing, on board control and monitoring 

• Control 

→Engine Load point control

• Monitoring 

→Monitoring of gas engines with a direct drive mechanism

→Thruster Monitoring

→Winch Monitoring On-board load monitoring & control of cable 

tension on the winches e.g. Tugboat

4- Torque / Load Measurement Methods: Application & Solutions

Technology/Product advantages

• Measurement uncertainty 

• Mechanical stability

• Directly torque measurement

• Real time data acquisition

• Maintenance free 

• Certification for marine industry

16
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5- HBM Marine Solution: Applications
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HBM: business document

Engines Testing
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5- HBM Marine Solution: Applications

18

HBM: business document

Engines Monitoring

Main engine

Propeller  shaft

Gearbox

Auxillary Diesel Genset

Service modules for engine operation
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5- HBM Marine Solution: Applications
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HBM: business document

Engines Monitoring
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5- HBM Marine Solution: Energy Management
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HBM: business document

Accurate load measurement 

and real time monitoring

Efficient energy distribution

Overload Safe Operation 

✓Safety

✓Security 

✓Efficiency

Working vessels like dredgers 

or drilling boats, etc. 
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T40MAR

▪ Precise

▪ Robust 

▪ Longlife

5- HBM Marine Solution: Applications
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5- HBM Marine Solution:

22

HBM: business document

How to integrate the transducer for existing ships
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5- HBM Marine Solution:

23

HBM: business document
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5- HBM Marine Solution:
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HBM: business document

What if customer is not able to cut the driveshaft
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5- HBM Marine Solution: T40MC Measuring Coupling

25

HBM: business document
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✓ For existing ship with our 

retrofit solution

✓ Neutral installation space 

requirements

✓ Accurate load measurement 

and real time monitoring

5- HBM Marine Solution: Measuring Coupling for Load 

Monitoring

26

HBM: business document

• Ranges: 10Knm to 400kNm

• Precision: 0,1% f.s. 

• Marine certification
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Applications of the Marine Industry - ship engine monitoring

27

Source: www.maritimeprofessional.com | Maritime Professional | 51 1Q 2014

Test bench data

Real time data
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Mutual recognition of calibration certificates 

between 53 countries 

5- Calibration and Traceability
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Hierarchy Levels of Calibration and Traceability

Intercomparison between National Institutes

 PTB (German National Metrology Institute)

 DAkkS accredited laboratories e.g. HBM

 Working standard calibration laboratory
e.g. HBM

 Industrial applications
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5- Calibration and Traceability: Principles

Lever-arm/mass systems

Range 1 kN·m
A precisely defined torque is 

generated when the weight force of 

calibrated masses acts on the test 

specimen by means of a lever arm of 

known length.

• DAkkS

• Uncertainty 5 N·m - 1 kN·m:   

±0,01 % (of measured value)

Reference force transducer  

Range 50 kN·m
• Working standard calibration. 

• Torque steps: 500 N·m to 50 kN·m

• Uncertainty 500 N·m - 50 kN·m: 

±0,2 % (of measured value)

• C4 reference force transducer

• Powertrain calibration possible

Reference torque transducer 

Range 400 kN·m
reference value

• DAkkS

• Uncertainty 3 kN·m - 400 kN·m:   

±0,1 % (of measured value)

4 DKD-accredited machines:

2 N•m up to 25 kN•m

2 new machines in 2005

Best possible relative uncertainty 

0.008% 

• In 1990, first and only torque 

calibration machine in 

Germany, a quasi National 

Standard over many years

• Lever-arm / mass principle

• Binary mass stacks

• 2 N•m up to 25 kN•m

• Very small uncertainty

• Calibrations acc. to DIN 51309, 

VDI2646

Measuring Ranges DAkkS
Measurement 
Uncertainty

0,2 N·m – 20 N·m 0,4 %

2 N·m – 200 N·m X 0,04 %

5 N·m - 1000 N·m X 0,01 %

100 N·m - 25 kN·m X 0,008 %

250 N·m - 20 kN·m X 0,02 %

2 kN·m - 60 kN·m 0,2 %

3 kN·m - 400 kN·m X 0,1 %
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Torque calibration range up to 400 kN·m

• Reference calibration machine with 2 

reference transducers: 150 kN·m and 400 

kN·m (type: T10FH)

• Clockwise and counter-clockwise torque

• First step 3 kN·m

• Lowest calibration range 30 kN·m

• Steps of 1 kN·m

5- Calibration and Traceability: 400 kN∙m Calibration Machine

Reference transducer

Calibration object (DUT)

Base part with central rod

Rotating traverse 

3 kN·m up to 20 kN·m >20 kN·m up to 400 kN·m

0.15% 0.1%

Vertical layout

• Torque generated by two linear drives

• Toothed disk adapter

• Multi disk couplings on top and bottom

• Active weight compensation

• Vibration decoupled base plate

DAkkS calibration certificate according to 

DIN 51309 - optimized accuracy VDI2646 

only HBM transducer 

( fix 6 steps, only full range)

´

Working standard calibration (standard 6 

steps, variable, up to 20 steps)

Adjustable traverse 

with flexible coupling

Welded Columns

Electromecanical drives

All calibration certificates torque have a 

statement of conformity

30
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• For electronic devices: 

recalibration after about 

one year

• For transducers: 

recalibration after max. two 

years

• Recalibration 

indispensable:

- after overloading or 

inappropriate use

- after repair

Summary

400KN.m with 0,1% M.U.

Recommendation

Unbroken chain of comparisons relating

these torque transducers to the reference

transducer of the German National Standard

This precision enables to measure the torque

and calculate the power and the efficiency with

accuracy at least 10 times better than the

current environmental regulations requirement

of the marine industry

• Best accuracy

• Traceability

• Transfer standard
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More information on TOPIC can be found on our website:

▪ www.hbm.com/en/4207/t40mar-torque-transducer-with-maritime-certificate/
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More information on TOPIC can be found on our website:

▪ http://www.hbm.com/nl/4993/measurement-and-traceability-of-torque-on-large-mechanical-

drives/
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