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RUAG Precise New Propulsion and 

Measurement Technology



SATA 2010

• Block-Type Strain Gauge Balances

• New Family of Block-Type Balances

• Hydraulic Powered Models

• Modular Technology for powered Testing

• New 6 Component Rotating Shaft Balance

• Upgrade Study for LWTE
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Block-Type Strain Gauge Balances
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Family of 6 Component Block-Type Balances

Load range

X =  20  to    7‘300 N

Z =  10  to  25‘000 N

Dimension (L x W x H)

100 x   25 x   22 mm

to

540 x 260 x 230 mm

Weight

0.25 to 179 kg
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� Higher stiffness, reduced deformation

� Higher loads per volume

� Precision, accuracy, and linearity

� Long-term stability and reliability

� Dynamic measurement capability

� Compact design and protective cover

� For Aerospace & Automotive testing

New Family 7xx of Block-Type Balances
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Optimized with Finite Element Method 

(FEMAP/Nastran)

� specific load envelope

� stiffness

� accuracy

� scalability

� same/similar external

dimensions

� mechanical interfaces

are compatible

� electrical interfaces are

identical

� design improvements
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Scaling of Prototype 788

� short, trapezoidal beams

� strain concentrated at gauge locations

� massive block parts

� symmetric fixation of x-element

� 7 strain gauge bridges, 1‘000 Ω

� nominal strain: 1‘000 µm/m → 2 mV/V

� Souriau connectors

� protective cover

prototype 788

767796
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New Block-Type Family 7xx

796
788
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New Family 7xx – Technical Data

4’50014’0006’00088’00032’00013’000767

1’1003’0001’00025’00010’0004’000788

3851’52055019’0005’5001’000796

N’ [Nm]M’ [Nm]L’ [Nm]Z’ [N]Y’ [N]X’ [N]Limit Loads [2]

3’1003’8002’30030’00010’00013’000767

1’0001’1003008’0006004’000788

3’503’503503’5008001’000796

N* [Nm]M* [Nm]L* [Nm]Z* [N]Y* [N]X* [N]Design Loads [1]

1.5*10-56.5*10-63.6*10-53.0*10-95.0*10-91.5*10-8767

3.4*10-52.8*10-51.4*10-45.0*10-96.0*10-92.0*10-8788

2.0*10-48.0*10-54.0*10-46.3*10-91.5*10-85.0*10-8796

δβ/δN [°/Nm]δα/δM [°/Nm]δφ/δL [°/Nm]δz/δZ 

[m/N]

δy/δY [m/N]δx/δX [m/N]Deformations [3]

14750.0120180350767

14710.370100250788

1475.06080180796

Nominal 
signal [mV]

Nominal 
excitation [V]

Weight 
[kg]

Height 
[mm]

Width 
[mm]

Length 
[mm]

Geometry / 
nominal signals

[1] Design loads refer to a combined load case, i.e. all components are simultaneously acting on the balance.

[2] Limit loads refer to a load case where only a single load is acting on the balance.

[3] Typical values
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Characteristics of RUAG Balances

� Long experience in designing, manufacturing, and 

operating balances – continuous improvements

� Diversity of load range and geometric sizing

� Stiffness

� Accuracy and linearity; precise 6-component sensor

� Long-term stability and reliability

� Compact design

� HighEnd product

� Fatigue tested of critical elements

� Process conform to ISO9001-2000

� Delivery time: typically 6 months

� Price range: € 65‘000.– to 140‘000.–
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main balance

and crossing

propeller data

acquisition / 

processing

rotating
shaft balances

hydraulic

engines and
control

Hydraulic Powered Models

Airbus A400M, FLA4.3
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Our Experience

productive reliable

precise

cost efficient

SAFE



Modular Technology for CROR Testing

� High speed high torque hydraulic motors for single and counter 

rotating configurations (100 KW, 12’500 rpm)

� Main balance with balance crossing system

� 6 component rotating shaft balances (RSB)

� Slip rings and telemetry systems for data transmission

� High power hydraulic system with control software

� Independent rpm control system for 4 motors

� Test benches to test motors, telemetry, slip rings, RSB

� Setup for isolated tests over wide range of pitch and yaw angle
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Dynamic Loading with Hydraulic Drive

• hydraulic drive
• water brake
• rotor with RSB
• torque meter

brake Rotor / RSB

motor

motor

RSB

telemetry

stator

CROR unit for powered models,

complete technology from motor

to RSB sensor with telemetry



Complete Technology for CROR available
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Rotating Shaft Balance RSB 320

20 channel telemetry unit for
• strain gauges
• temperature sensors
• angular position

• 6 components
• fully symmetric
• spoke-type in 2 planes
• 12‘500 rpm
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Design: Static and Dynamic Analysis

� individual element

� static

� under rotation

� with blade hub / blades

� bending

� in-plane forces:

tension / compression

� 6 bridges, 64 gauges
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Calibration and Checks of RSB

� static load calibration

� balancing of subunits

� dynamic loading in the lab

� dynamic loading with hydraulic motor

� isolated propeller test in the wind tunnel

� static check in the wind tunnel (comparison to main balance)

telemetry

stator

RSB
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Hard- and Software Requirements

� acquisition and monitoring

- synchronization (MGCplus, Datatel, PSI)

- one workstation / monitor per telemetry system

- software for FFT, correlations etc.

� storage and backup

- standard backup system (static data)

- time-resolved data: 

���� about 32 GB per run

���� hard disks (4 x 4 TB ���� 500 runs)

- strategies
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Upgrade Study for LWTE
Large Wind Tunnel Emmen

RUAG ideas based on internal and external customer feedback

e-mail address

for customers

updated LWTE 

documentation

FAX with multiple 

page feeder

updated LWTE 

documentation

integrate BOMOS

in COSYS

remote control of

COSYS from TS

integrate Fan

in COSYS

Integrate Traverse

in COSYS

Interface to 

PROPCON

Improved lighting improve darkening optical accesscamera hard points
easier access

to lights
camera in collector

moving groundwheel rotator
soiling on vehicle

rear

BL suction (active

or passive)

aerospace ground 

effect tests

simpler boundary

layer floor inst. 

look and feel of

control room

larger 

control room

AC in 

control room

day light in 

control room

wall pressure 

measurements

nozzle waviness
cracks in wood

walls

static ref. press. 

taps

Doors into test

section
floor

test sect. wall 

deformation

improved access

to TS for mech.

return line 

walls

Collector

Fillets

Modular floor

higher lifting cap.

improved access

automatic 

positioning

more rigid 

mono-strut

more rigid 

rear strut

more rigid 

rear strut

improve

3-strut

incr. max. load 

cap. of floor

2 ind. dyn. 

press. meas.

hardpoints in walls

for weight checks

laser for model 

alignment
water management

soiling with 

sideslip
optical model pos

and def. meas.

virt. wind tunnel
modular model

installation
new traverse higher speeds

dynamic model

manipulator

simpler strut

installation
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LWTE Upgrade

Upgrade motivations Evaluated solution

Improved quality:

Better flow and measurement quality, 

reduced stress on tunnel structure

Maintain or increase max. speed of 68 m/s

Wider range of yaw angle for ground tests, 

improved access to test section for shorter 

turn around times

Cooling installation to limit 

environmental air-flow temperature

Modification of test section to 

maintain measurement capability

No more limitations for operations

Larger and improved work 

environment for customer and 

operators

Higher test efficiency:

Longer multiple shifts 

Better work environment:

Increased space for customers and 

preparation space for models
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LWTE Upgrade
Study done by Jacobs

Upgrade Content

1. Integration of an airstream cooler

Heat exchanger to stabilize the airflow 

temperature at maximum 30°

2. Installation of an improved test section

Adaption of test section area to 

maintain max speed of 68 m/s

3. Control room & customer area upgrade

More space and better access for

efficient testing

1

2

3

Benefit
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RUAG Aerodynamics

Precise, Innovative, Flexible, Solutions on Demand  

RUAG Aviation

our Partners



RUAG Aviation, Michel Guillaume 24


