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Motion Control Technologies
That Can Save a Life
It's late and you are tired. It's been a long day. Your job: Army Helicopter Pilot. Your
missions: medical evacuation and personnel extraction. After only a few brief moments of
sleep, you are rudely awakened by the duty officer and told that you must fly an immediate mission to rescue a downed pilot.

Quickly grabbing your flight gear, you stumble half asleep to the helicopter. Strapping in, your hands, feet and eyes fly over the
flight controls, switches and gages, noting engine settings, fuel load, etc. as you quickly bring the bird up to flying status and
initiate the mission. Flying low over the jungles, evading enemy locations, you locate the
downed pilot through his emergency beacon. You spot the pilot and a clearing sufficient to
land in for pick up. As quickly as possible, you load the pilot and clear the area, heading
back for base. You continue to fly in an evasive mode to evade enemy detection. The wind
picks up and flying is difficult. However, in due time, you arrive back at the base, mission
complete.

This same mission continues to be carried out by pilots in various parts of the world. Sloppy
flying is often the result of poor training. Poor training can lead to errors and in the worst
cases, loss of the helicopter, the crew and the person or persons being rescued/extracted.
Bottom line: The better the fidelity of the training, the better the chances of survival. Today,
operational flight accidents in US combat are 80% less than they were 30 years ago due to
a commitment to training activity and the increase in simulation fidelity. And Moog is on the
front lines of this training, providing state-of-the art motion components and motion bases for
flight training. Moog has a long history providing hydraulic and all electric motion bases for
flight simulation and remains on the forefront of new technology that is re-energizing the
industry.

Simulation Requirements
The critical nature of the application is clear when you think of the implications training has for pilots and rescue personnel.
When an application means life or death, great consideration is given to the fidelity and reliability of the motion control system.

Simulation training has a broad range of motion requirements. For flight training, there is a need for large actuators with 1.52
m. (60 in.) of stroke and nominal output forces up to 15,000 kg (approximately 32,000 lb.). A training cycle can last up to 4
hours with the flight crew and training instructor inside the instructor hut/cockpit assembly. The cockpit assembly utilizes as
much of the "real" bird as possible. Outside of the cockpit is one of several types of visual systems, which projects the
appropriate scene to the flight crew.

The motion base has to be capable of moving the hut, cockpit, and visual system. Smooth operation is mandatory, as is low
noise generation. The system will sit at mid stroke for the majority of the training period, just as the average passenger
experiences during a flight on a commercial airline. However, when the instructor generates a problem, the motion base must
respond in any or all six degrees of motion i.e., pitch (tilt up or down) heave (up/down), roll (tilt to the left or right), surge (move
forward or backwards), sway (side to side) or yaw (rotation to the left or right). Rapid and violent motion may exist for 1 to 3
minutes and than back to the calm and level flight. However, even with the straight and level flight, motion is still required to
generate engine vibration, flap actuation, pump effects, etc.

Driver training has the opposite requirements. Vehicles (off road, marine, or trains) all have high vibration road and track
requirements while marine training requires a reproduction of sea states. In these cases, the motion base is almost constantly
moving, and though response is critical, smoothness is not as critical in driver training.

TH-57 Motion Simulator US Navy Trainer
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Moog Product: Electromechanical/Electrohydraulic Technologies

Moog has been providing components for simulators for over 30 years, first servovalves, than hydraulic actuators (motion legs)
and finally complete motion bases. Today, Moog offers motion bases based on either electrohydraulic or electromechanical
technologies.

An example of Moog's motion base products is the all digital electrohydraulic six degrees of freedom motion base with a
payload capability of 14,500 kg (approximately 32,000 lbs) of flying weight recently delivered to NLX Corporation, an
internationally recognized provider of simulation and training systems for military and commercial customers. The application
is for the US Navy training center at NAS Whiting for the TH-57 helicopter. (See Appendix A for more details.)

These motion bases represent the integration of Moog's hydraulic background, our capability in system design and integration,
and our software development to meet the demands of an industry that requires a 95% or better up time for the complete
system (not just the Moog motion base!).

A question an industry insider might ask is “Why use an electrohydraulic motion base when the world seems to be converting
from electrohydraulic systems to electro-mechanical systems?” There is no single answer to this question. Every site and
application is unique to itself. In large training centers with multiple motion bases, an upgrade of only one base converting to
electric would increase the training requirements of the maintenance staff as well as add to the inventory of spare parts. By
staying with a hydraulic system, they reduce their overall capital cost and only have a small training delta. For some
applications, hydraulics is still the only option. Flight simulators with large flying payload requirements (18,000 kg.
(approximately 40,000 lb.) and above) are only addressed with hydraulic components. For 4,500 kg. (approximately 10,000 lb.)
to the mid 13,600 kg. (approximately 30,000 lb.) of flying load, either solution will address the
requirement from a motion side.

The all-digital motion control cabinet represents an industry trend that is replacing analog
signals and processing with digital communication and control loops. Unlike hydraulics where
replacement components (and sometimes the original components) are available in the market
place, analog components, if available, are becoming harder to find. With all upgrades of the
host computer, image generators, etc. utilizing today's personal computers with Ethernet or
Firewire communication protocols, the service personnel are already receiving digital training.
Thus, the issues of training in digital technology have already been addressed, with the motion
base training adding only a small delta.

For loads less than 4,500 kg. (approximately 10,000 lb.), all electric systems seem to be the
general acceptable solution. Here Moog offers the alternate electromechanical technology and
provides complete turnkey solutions for 1,000 kg. (approximately 2,000 lb.) payloads
(6DOF2000E) and 2,500 kg. (approximately 5,000 lb.) payloads (6DOF5000E). In the
intermediate range, Moog's electromechancial systems are similar to the components provided
for the hydraulic motion bases. (See appendix B for more information.)

The all-electric flight simulators include electric legs with integral absolute position
feedback transducers, and all digital motion control cabinet. Moog also provides the
upper and lower joints as well as optional instrument packages used to test the
system at commissioning and to run ongoing performance tests such as the
operational readiness test. With the data logging features built into the motor
controllers and PC, this provides maintenance personnel the ability to test these
systems without additional test equipment.

Current Applications
With Moog's unique position of providing high performance servovalves and associated components and electromechanical
servo actuators, we are in a position to offer the technology and performance solution best suited to individual training needs.
From replacing and upgrading hydraulic motion bases for current simulators to building state-of-the-art new electric bases,
Moog is a leader in providing motion solutions for the industry. All together, Moog has delivered over 350 all electric motion
bases and thousands of servovalves and other hydraulic components for this important area of high performance motion
simulation in military, commercial, and industrial training.

6DOF5000E 2,500 kg.

(5,000 lb.) Payload

6DOF25000E Motion Base
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Conclusion
Moog is a manufacturer of high performance motion control solutions, providing the “brains” and the “muscle” to address
demanding needs. Moog components and systems used in training and certification of pilots, drivers, and crews highlight this
capability. Regardless of the muscle technology used, our “brains” of motion simulation uses state-of-the-art digital control
topologies with Moog’s motion control software. Our capabilities in electrohydraulic and electromechanical closed-loop
systems allows us to address any application, matching the performance and customer desires for specific projects. Moog
uses the same approach whether it is a flight training, industrial automation, or a process control application: Apply the right
technology based on the need, not just the "production" technology that is "off the shelf."

About the Author:
Charles Bartel, Jr., Simulation Market Manager for the Industrial Controls Division, has been involved with motion control as an
electrical design engineer, project engineer, program manager and application engineer throughout his 32-year career at
Moog. He has designed and commissioned both electromechanical and electrohydraulic systems. Charles is a Certified
Motion Control Instructor and author for the Association of International Motion Engineers.

Appendix A
Hydraulic Motion Bases
Moog hydraulic motion base consists of:

Hydraulic legs – The standard units have 60 inches of stroke. To address
system safety, they include integral snubbing at either end of travel and a
servovalve with integral abort function. Actuator feedback data is provided
by a linear magneto restrictive linear position transducer, pressure
transducers and limited switches.

Hydraulic Power Unit (HPU) – This is a state of the art hydraulic power unit
with two Moog high performance, variable volume, variable pressure pumps,
energy efficient pump motors, filtration, and separate chilling loop. The
control circuitry has been designed for both local and remote control
capability. This allows maintenance to be performed on the HPU without
having the simulator active. The sensor package included with the HPU
measures pressure, temperature, and fluid level. Dump and blocking valves
are used to quickly remove pressure and isolate the power unit from the
motion base during emergency shut down. System blocking valves allow the
HPU to achieve full pressure without affecting the motion base during
maintenance activity.

Motion Control Cabinet – This motion controller assembly closes the motion control loops using digital technology. These
loops include position, velocity and force loops with appropriate compensation using the feedback transducers mounted on the
actuator. The cabinet interfaces with the HPU assembly to monitor and control the HPU functions during simulation. It
interfaces with the simulator host computer using Ethernet or Firewire protocols. Motion cueing software, function generators
for white noise and discrete frequencies are integrated with the Moog motion software to provide full flight simulation
capability.

In addition to these three major components in the simulation system, Moog also supplies the upper and lower joints, filtration
and distribution system and all electrical cables between the Motion Control Cabinet, legs, and HPU. Moog provides ongoing
support for these systems that includes field installation supervision, training and long term maintenance support of on site
personnel.

                  Moog 728 Series Servovalve with Abort

                   Hydraulic Power Unit with Control Cabinet

                   6DOF32000H Motion Base
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Appendix B
Electric Motion Bases

A Moog motion base consists of:

Electric legs with integral absolute position feedback transducers. These are 60 inch stroke
actuators with greater than 25,000 pound payload capability. They are grease and oil lubricated
at the factory and require minimum field maintenance. Patented integral snubbing is provided to
protect the simulator from end of stroke peak velocity stops. The snubbing is engaged in the last
three inches of stroke in either direction. The snubbing force is proportional to the velocity of the
actuator.

The all Digital Motion Control Cabinet is the equivalent to the pump room and motion control
cabinet as described in the hydraulic section. It includes the communication interface, loop
closure, and motor controllers. For safety, it includes return to home amplifiers/motor drives,
which are battery, backed up emergency circuits similar to the hydraulic abort function. This
cabinet is located within the training bay with Moog providing all cables between the legs and the
MCC.

Electromechanical Actuators 152 m (60
in.) Stroke with Integral Energy

Abosrbing Snubbers

Motion Control Cabinet
6DOF25000E
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Did You Know?
Considerations When Selecting Drive Technology

Technical performance is clearly critical when specifying technology for an application.
It is also important to understand the impact of other criteria that must be taken into account when selecting the best drive
technology. The information in the table below is based on practical maintenance experience and will give you some
guidelines. Please remember that this information must be evaluated based on the priority of the criteria for your planned
project (e.g. energy cost and maintenance cost). Due to Moog’s expertise in both electric and hydraulic technologies, our
engineers can assist you when selecting
the right solutions in complex applications.

Criteria Electric Hydraulic Pneumatic

Energy Cost Low Medium High

Investment Costs High Medium Low

Reliability Of Well Designed Machines High Medium + Medium +

Maintenance Requirement Low Medium Medium

Maintenance Cost 1) High Low Low

Time Per Repair, Down Time 1) High Low Low

Cost For High Peak Power 2) High Low Low

Note 1):
As a rule, electric drives (including gearboxes, ball screws etc.) are very reliable and need a low level of maintenance activity
during operation. But when there is a problem the repair is very expensive (e.g. new gear box) and time consuming (typically
several days to repair a gear box).As a rule, hydraulic and pneumatic drives often need more continuous maintenance activity
than electric drives but at a low level (e.g. replace filter, replace valve, replace pump etc.). The typical repair time is short
(hour) and cost effective.

Note 2).
For machines which have a high peak power requirement at each cycle (e.g. transfer lines) the drive technology has to be
carefully selected. For electric drives the whole electric distribution system in the building has to be sized for the maximum
peak power, which means a significantly higher investment in the electric infrastructure of the plant. Additionally engineers
must consider the higher costs of the electric drives themselves. Hydraulic systems get their peak power from accumulators,
what means a continuous low load for the electric distribution system. Due to this, hydraulic drives have advantages at
applications with high peak power, because it is easy and cost effective to store hydraulic energy.

For more information visit, Industrial Systems Capabiliites

About the Author:
Bernhard Zervas, Manager Systems Engineering, Moog GmbH, Böblingen, Germany.

Hot Websites

Engineers Edge (www.engineersedge.com)
This mission of the Engineers Edge is to be the preferred online destination for designers, engineers, and manufacturing
professionals. It offers design and engineering reference information, calculators, links to sign up for free trade magazines,
and much more.

The Scientific Web (www.scientificweb.com/sciencee.html)
The Scientific Web is a collection of information about scientific software. There are descriptions of software available, new
product announcements, links to downloadable demo versions, tips & tricks, and several other resources.
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Product Spotlight
DIN Modules Customization with Analog Electronics

The purpose of the DIN module electronics range of products is to provide standard building
blocks for creating customized control systems for open and closed-loop control. This
approach gives us a set of products that are built in quantity with full customer support
documentation for installing, commissioning, and maintaining the resulting solution. For this
reason it is preferable to aim for standard catalog modules.

However there are instances where small changes will give major benefits in terms of cost and
performance. Generally, those changes will be within the available functionality of the module
and be reflected in the dash number at the end of the model code.

Our standard PI Servo Amplifier is the 'parent' to customized models with variations such as:

o Additional environmental protection for H(2)S exposure in geothermal power stations.
This is achieved with conformal coating and reloading of some devices where
material corrosion is a potential problem.

o Inclusion of 4-20mA output only for turbine applications.

Typical changes to the 'parent ' product involve environmental protection, change of
resistors, additional loading to the available capacity of the existing PCB layout.
Generally, we are taking a standard product from stock and making minor changes.

Moog can provide many such changes within a very short delivery period at similar
prices to the 'parent' product. A 10% premium is typical for small changes. If
quantities are sufficient, it may be possible to justify a new product development.

The Mobile Servo Amplifier has been designed for a wider range of customization
with specific building blocks allocated. Its designation as "Mobile" relates to the
ruggedized power supply that will operate from the very noisy automotive
environment and obviously, it is also suited to 24 volt unregulated industrial
supplies. This closed-loop servo amplifier has provisions for easy loading of options
such as:

• Frequency to voltage converter for velocity feedback.
• Non-linear function
• Dual gain amplifier for high speed, high accuracy positioning

Application Examples

A recent application used a DIN module to control the vertical movement of a lock crane
boom. Located on the River Murray in South Australia is a series of locks for flood
control. Concrete beams are lowered into slots to vary the height of underwater barriers.

The task of the control system is to simplify the control of the excavator boom to
achieve an accurate horizontal movement of the beams as they are moved into position.

A closed-loop position control with feedback from a pendulum sensor has been applied
with the following components:

• Servovalve with “outdoor” environment protection
• Customized Mobile Servo Amplifier
• Pendulum level sensor

Technician Customizing DIN Modules

Moog’s DIN Module is Used to Control
Vertical Movement of Lock Crane Boom
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The Mobile Servo Amplifier was chosen due to its suitability to operate directly from standard
“automotive” style power supplies without the risk of electrical damage and the ease of adding custom
control requirements. DIN style packaging meant that a compact and reliable installation could be
achieved in this relatively harsh environment.

Of course, there is a limit to how far we can go with analog electronics. For complex control with
digital interfacing it is preferable to use digital solutions such as the Moog Servo Controller (MSC) or
Digital Interface Valve (DIV), that offer complete flexibility with respect to control strategies. However,
many simple control systems will be successfully implemented with the standard Moog DIN modules
or from simple customization of these analog electronics.

For more information, visit www.moog.com/dinmodules.

Ask the Expert:
Selection of Ball Screw versus
Roller Screw Technologies

Moog is uniquely able to provide proven solutions in a variety of technologies due to our extensive experience applying
hydraulic and electric motion control. Our “technology neutral” perspective means that we recommend the best technical
solution for a customer as we have proven expertise in all technologies and will not favor one over another. For example, we
design and build electric, hydraulic, and even hybrid (a combination of mechanical and hydraulic technologies) actuation
products and systems as well as electronic control and power elements, and software building blocks. This means we have a
high degree of objectivity and flexibility to find the highest value solution for our customer.

One example where Moog uses the “technology neutral” perspective is in recommending the best technology for electric
actuators or cylinders. Tradition has held that roller screw is superior to ball screw technology. There are many different
parameters to consider when deciding between the two. Lifetime is often one of the biggest, and sometimes overlooked,
factors. Roller screws do have a higher dynamic load rating than ball screws, all else being equal (particularly envelope size).
However, this simple fact does not tell the whole story. In many cases, the size and configuration of a ball screw can be
specified so the actuator will meet all the performance requirements of the application while meeting or even exceeding the
dynamic load capability and lifetime of a suitable roller screw actuator.

Ball screw actuators offer several advantages over roller screw actuators:
1.    An appropriately sized ball screw actuator will always be inherently less expensive than its roller screw

counterpart.
2.    Ball screws offer higher efficiency than roller screws. This means that overall power requirements will be lower,

process throughput is higher, and the need for external cooling is reduced.
3.    Ball screws also have inherently lower back drive force compared to roller screws.
4.    This is important in applications that have special requirements such as fail-safe design and extremely smooth

operation.

Roller screw actuators are the correct choice for extremely high duty cycle applications where:
1. A ball screw actuator sized to meet the lifetime requirements does not fit the envelope, and
2. The required lifetime exceeds that of the appropriately sized ball screw actuator.

The success of any electrical actuation solution is contingent on obtaining a good specification of the application, proper
sizing, proven components and proper maintenance. The specification and sizing stages are very important and require close
communication between the customer’s engineers and the Moog application engineers. As far as proven components, Moog
has taken a building block approach to electro-mechanical actuator design that means, while most applications require some
degree of customization, the majority of the critical components are proven based on fielded solutions and extensive durability
testing. Finally, a routine maintenance program tailored to the application is essential in achieving the project life of the
actuator.

For more information visit: Electric Actuation Capabilities.

About the Author:
Ken May has been with Moog since 1997 in capacities of Project Engineer and Engineering Manager dealing mostly with
electromechanical actuation and motion control system solutions. He received his MSEE from the Rochester Institute of
Technology in 1995 with concentration in Control Systems Engineering.

Accurate Horizontal
Movement of the Beam as
it is Moved into Position
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Upcoming Events

Please visit the Moog booth at:

• Motion and Control, Birmingham, United Kingdom (September 28 - 30, 2004)
• PTC Asia 2004, Pudong, PRC (October 12 - 15, 2004)
• K International Exhibition for Plastic and Rubber in Düsseldorf, Germany (October 20 - 27, 2004)
• Japan International Machine Tool Fair in Tokyo, Japan (November 1 - 8, 2004)

For more information, click on Exhibitions and Trade Shows.

Moog Training Sessions
MACS / IEC 61131 Programming (new: 2.5 days)

• 30 Nov. -2 Dec. 2004 English Language session
• 7-9 Dece,ber 2004: German Language session

MSC - Moog Servo Controller Hardware and Extension Modules (new: 1.5 days)
• 2-3 December 2004 English Language Session
• 9-10 December 2004: German Language Session

All sessions held at Moog GmbH in Böblingen, Germany (near Stuttgart).

For more information, click on Training Opportunities.

Other Moog News
• Published article on Hybrid System Offers Force and Efficiency in Design News- June 2004
• Published article on FEA Peels Away Mysteries of Hydraulic Valves in Design News- June 2004

For more information click on Published Articles and Newsletters

Contact Us:
To find the location or distributor nearest you visit worldwide locations .

E-mail Newsletter
To receive an email version of future editions of this newsletter, click on signup form.

© Moog Inc. 2004 All Rights Reserved.
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Moog Inc., Industrial Controls
USA: +1-716-652-2000
Germany: +49-7031-622-0
Japan: +81-463-55-3615
For the location nearest you, contact www.moog.com/worldwide.

Argentina tel: +54 (11) 4326 5916 fax: +54 (11) 4326 5916 sales.argentina@moog.com

Australia tel: +61 3 9561 6044 fax: +61 3 9562 0246 sales.australia@moog.com

Austria tel: +43 1 688 1384 fax: +43 1 688 1384 rlange@moog.de

Brazil tel: +55 11 5523 80 11 fax: +55 11 5524 21 86 sales@br.moog.com

China tel: +86 21 5854 1411 fax: +86 21-5854 1417 sales@moog.com.cn

Finland tel: +358 9 2517 2730 fax: +358 9 2517 2739 sales.finland@moog.com

France tel: +33 (0)1 45 60 70 00 fax: +33 (0)1 45 60 70 01 sales.france@moog.com

Germany tel: +49 07031-622-0 fax: +49 07031-622-100 Sales@Moog.de

India tel: +91 80 2668 9947 fax: +91 80 2668 9963 sales.india@moog.com

Ireland tel: +353 21 4519000 fax: +353 21 4519001 sales.ireland@moog.com

Italy tel: +39 0332 421111 fax: +39 0332 429233 sales.italy@moog.com

Japan tel: +81 463 55 3615 fax: +81 463 54 4709 sales@moog.co.jp

Korea tel: +82 031 764 6711 fax: +82 031 764 0929 sales@moogkorea.co.kr

Luxembourg tel: +352 40 46 40-1 fax: +352 40 46 40 909 sales.luxembourg@moog.com

Norway tel: +47 22 43 29 27 fax: +47 22 43 29 01 contact@moog.no

Russia tel: +007 83171 31811 fax: +007 83171 31813 sales.russia@moog.com

Singapore tel: +65 6773 6238 fax: +65 6777 7627 sales@moog.com.sg

South Africa tel: +27 11 655 7030 fax: +27 11 655 7131 southafrica@moog.de

Spain tel: +34 902 133 240 fax: +34 902 133 180 ventas@moog.es

Sweden tel: +46 31 680060 fax: +46 31 287532 contact@moog.se

United Kingdom tel: +44 1684 296600 fax: +44 1684 296760 sales@moog.co.uk

USA tel: +1 716 652 2000 fax: +1 716 687 7910 sales.icd_hyd@moog.com
sales.icd_elec@moog.com

CONTACT INFORMATION
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