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PROTEC NYLON HOSE SLEEVE

Woven from thousands of nylon filaments, Tompkins 

Protec Nylon Hose Sleeve is the ideal solution for the 

protection and bundling of hydraulic hose assemblies, 

cable, chains, springs and more. Protec offers superior 

abrasion resistance, provides limited burst and 
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reducing the effects of pinhole occurrences.
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28 Don’t Let Infected Fluids Afflict Your Operations 
Industrial Internet of Things (IIoT) applications are giving remote control  

a whole new meaning. Manufacturers are setting the pace now by using  

their cell phones to make sure contaminated fl uids don’t infect 

productivity throughout their enterprise.

32 Have You Considered Air-Over-Oil Circuits? 
Pneumatics technology has many advantages for factory automation.  

However, the compressibility of air makes variable-speed control diffi cult  

unless sophisticated closed-loop valve systems are used. However, air- 

over-oil systems can achieve precise speed control at a fraction of the  

cost of alternatives.

38 Mobile Crushers Go Where the Work Is 
Mobile crushers can reduce rock, concrete, and other debris to the size  

of gravel, and they can maneuver themselves around a work site—but  

not at the same time. That’s how these dual-purpose machines can get  

away with having a single hydraulic power unit.
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Flexible Air Actuators  
Keep in Contact 
A pantograph isn’t just a geometric-drawing instrument. Te 
term also applies to the linkage assembly atop street cars and 
electric trains that transmits electrical power from overhead 
lines to the electric vehicle. Old-school pantographs press a car-
bon strip up against live overhead power lines. Teir challenge 
lies in maintaining that contact between the carbon strip and 
the line without wearing out too quickly.  We’ll introduce you 
to a new-school pantograph designed to maintain the continu-
ous power a 21st Century rail car’s complex control electronics 
crave.

Visit bit.ly/HP1811-Trolley for details.
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Pulsed Air: Quickest Route 
to Cutting Energy Costs 
Facilities engineers are great at fnding new ways to lower en-
ergy consumption and costs, but one solution has eluded most 
of them. It can be found in a plant’s compressed air systems—
where almost half of compressed air is consumed by uncon-
trolled “blow-of ” applications.  Find out how pulsing the air 
can not only reduce air consumption by half, but cut carbon 
dioxide emissions too.

Learn more at bit.ly/HP1811-PulsedAir

4

Win a Free Thread 
Identifcation Tool 
Sometimes the hardest part of replacing a broken or worn-out 
hydraulic ftting is identifying what you have. Determining 
the thread’s confguration isn’t the problem—it’s matching the 
thread form and size. Find out how to win a thread identifca-
tion kit that will make that job a lot easier.

Enter at bit.ly/HP1811-Kit. But hurry, winners will be chosen 

Nov. 20.

Hydraulic Upgrades Enhance 
Aerial Lift Performance 
Performance, productivity, and maintenance are the top three 
concerns of any aerial lif user—especially those users responsi-
ble for maintaining power lines. Find out how improving a lif’s 
payload capacity, boom speeds, side reach, and ground access 
help make it a little easier to keep our lights on.

Learn details at bit.ly/HP1811-Li� 
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Autfmftifnfisfffsyffnfffff ffffffffff
...when using a controller designed that way.

The CLICK PLC family provides the right amount 

of control for small systems and beginner projects 

without the unnecessary cost and complexity.

Low-cost hardware and FREE software with 

straightforward ladder instructions and a

user-friendly programming environment make

CLICK the go-to choice for simple control.

 •  Multiple stand-alone PLC units available with diff erent
I/O confi gurations (relay, analog, AC or DC discrete I/O)
and communication options (Ethernet and/or serial)

 •  Support for Modbus RTU, ASCII, and Modbus TCP
communication protocols

 •  All CLICK PLC units use our FREE programming
software with a simple but practical instruction set 

 •  Easily expand your CLICK PLC with snap-on I/O modules
for up to an additional 128 discrete or 48 analog I/O points

Automate the easy way with 
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WILL HEALY III | Industry Marketing Director, Balluff Inc.

Guest Editorial

M 
any conversations 

about manufac-

tur ing  quick ly 

turn to questions 

about the future. Will automation and 

robots take over everything? How are we 

to sustain growth in our rapidly chang-

ing global market? Are we upgrading 

and investing enough to stay ahead of 

our competition? Should we be looking 

at this Industrial IoT thing? What about 

Industry 4.0? Do we need to pay atten-

tion to either if we don’t use that many 

electrical components? If you are look-

ing to remain a viable business in this 

next industrial revolution, being aware 

of and starting to invest in IIoT and 

Industry 4.0 applications is a require-

ment, regardless of whether you are a 

“mechanical-only” company or not.

IIoT is simply about connecting 

devices on the plant floor, allowing for 

the development of cyber-physical sys-

tems and inter-device communication, 

which provides new ways to generate 

and collect interesting data through-

out the industrial space. IIoT focuses 

on selecting devices that can provide 

visibility down to the lowest points of 

the production floor, providing visibility 

into the machine and enabling predic-

tive maintenance and big-data analyt-

ics. IIoT is, at its core, about connecting 

devices. Ultimately, though, by connect-

ing more together, we can improve over-

all equipment effectiveness and provide 

new insights into our business.

On a grander scale, Industry 4.0 is a 

blend of digitalization, new technology, 

and practical decisions focused on dra-

matically changing how we manufacture 

products through unprecedented flex-

ibility, efficient production, and visibil-

ity at every level of production. Industry 

4.0 has impact throughout our processes 

and across the supply chain. By blend-

ing lean initiatives, automation, tech-

nology, materials, downtime reduction 

upgrades, and investments in overall 

equipment effectiveness, the Industry 

4.0 philosophy keeps this generation of 

manufacturers competitive in a global 

market. 

Although the German government 

set this tone and direction for Indus-

try 4.0, the entire manufacturing world 

must now take on this challenge. For 

example, standard assemblies such as 

hydraulic power units (HPUs) are 

receiving a major boost from being IIoT-

connected. Traditional on-off flow or 

pressure switches are being upgraded to 

smart devices that provide information 

above and beyond simple switch points. 

Even traditional analog devices—such 

as temperature, pressure, flow, and level 

transducers—can be made IIoT-ready 

through open standard technologies like 

IO-Link. These technologies remove the 

headaches that come from integration of 

analog technology and add additional 

value by incorporating easy-to-report 

parameters, diagnostics, events, and 

warnings. 

A standard HPU can become a smart 

power unit with minimal modification 

and provide dramatically better value 

through predictive maintenance, remote 

monitoring, and ease of troubleshoot-

ing. Imagine not having to climb down 

into the oil-drenched pit of a stamping 

press to troubleshoot an issue. With 

IIoT-ready technologies, we can connect 

to the devices and know exactly what 

needs fixing and maybe predict the fail-

ure before it occurs. This can dramati-

cally reduce not only machine down-

time, but the time spent in hazardous 

locations as well.

Selecting IIoT-ready technologies is 

only one step of the program to fully 

leverage the value of Industry 4.0. We 

also must analyze processes, determine 

how flexibility can be implemented into 

production, and discuss where automa-

tion technology makes sense to support 

lean processes. Manufacturers today can 

see into every aspect of their production 

across multiple sites, flexibly manufac-

ture hundreds of variations of product 

in the same production line, and ensure 

quality standards with virtually zero 

machine downtime.

Industry 4.0 is a cultural philosophy 

about how we can use increased visibil-

ity, flexibility, and efficiency across our 

production to be more competitive. On 

the other hand, IIoT is an enabling force 

for Industry 4.0: connecting our devices, 

our data, our machines, and our people 

to benefit our company and customers. 

By embracing both, it is easier to achieve 

positive results and sustain global com-

petitiveness.  

What’s the Difference 
Between Industrial IoT 
and Industry 4.0?
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I
n support of Norway’s radical pledge 

to become climate neutral by 2030, 

Danfoss Editron, a segment of Danfoss 

Power Solutions, has delivered electrifi-

cation technology to support Pon Equip-

ment AS in developing a fully battery-

operated 25-ton electric excavator.  Pon, 

a major Cat dealer in Europe, worked 

with Danfoss to convert a standard diesel 

machine. Currently, diesel use in con-

struction machinery accounts for about 

20% of all CO₂ emissions in Oslo.

The Cat 323F Z-line in question is 

powered by Danfoss’ Editron drivetrain, 

a software-led system. 

“Our strong relationship with Pon 

Equipment, combined with our expe-

rience of electrifying heavy-duty 

machines, helped significantly to make 

this a successful conversion project,” 

said Tomi Ristimäki, OEM sales director 

at Danfoss Editron.

The excavator can operate for up to 

seven hours on a single battery charge 

under nominal load, according to Dan-

foss. It is zero emission, and significantly 

quieter than the former diesel machine, 

which suits it for use in urban areas hav-

ing noise restrictions. The Editron pow-

ertrain features smart software controls 

suitable for hybrid and electric applica-

tions within the power range of 30 kW 

to 2,000 kW. This makes the system suit-

able for smaller off-highway machines 

without compromising power. 

AND ON THE HYDRAULIC POWER 

SIDE . . .

In other Danfoss news, the company 

announced its acquisition of the major-

ity shares of Artemis Intelligent Power 

Ltd. (AIP), a research, development, and 

engineering company based in Edin-

burgh, Scotland. AIP specializes in 

hydraulic system development, and the 

acquisition includes the company’s digi-

tal displacement technology. This will 

enable Danfoss to develop a new line of 

efficient hydraulic pumps, motors, and 

systems. 

The company will establish a manu-

facturing presence in Edinburgh to 

deliver products to the market based on 

the digital displacement technology. As 

part of the acquisition, AIP will become 

a joint venture between Mitsubishi Heavy 

Industries (MHI) and Danfoss, with 

Danfoss as the majority shareholder. 

“As long as people need to dig, build, 

and plow, we will need heavy machines 

to help,” said Niall Caldwell, AIP’s man-

aging director. “But this market urgently 

demands cost-effective digital technol-

ogies to reduce emissions and enable 

automation.” n

FOR MORE information, please refer to an 

article on the Digital Displacement Technol-

ogy previously published in H&P at bit.ly/

Hp1811-DDP. 

DANFOSS  
ACQUISITIONS      
Are Investments in  
Environmental Sustainability

Pon, a major Caterpillar dealer in Neth-

erlands, Norway, Sweden, and Denmark, 

worked with Danfoss to convert a standard 

25-ton diesel excavator to battery power.

Artemis Intelligent Power’s 

digital displacement technol-

ogy will enable Danfoss to 

develop a new line of ef-

ficient hydraulic pumps, mo-

tors, and systems for use in 

heavy machinery. Inset im-

age shows a closeup of the 

Digital Displacement Pump 

installed in an excavator.
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I need to feel confident that my 
supply partners are experts—that 
they know how to engineer the right 
solution for my applications.
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committed to helping you find the right solution and deploy it quickly and safely.

Turn to the fluid control and pneumatics experts who know your industry and applications. 
Visit Emerson.com/fluid-control-pneumatics or reach out to ContactUs@Emerson.com 
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Knowledge to Make 
Your Job Easier

Learning from others provides the 

most valuable knowledge for most 

successful hydraulic technicians and 

mechanics. The trouble is, gaining 

access to a seasoned veteran to learn 

from is a luxury most of us don’t have. 

Fortunately, hydraulics expert Brendan 

Casey shares much of what he’s learned 

from direct experience in a variety of 

books. Here are brief descriptions of two 

you may fi nd of interest.

Wrfififififififfirfiprfififififififififirfifiwhfifi
wfirkfifififimfibfilfifihyfirfiulfififi
mfifihfifififififiThe Mobile 
Hydraulics Handbook
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fififiplfififimfifififipumpfififififi
mfififirfififififirfilfififihyfirfifififififififi
firfififimfififififififififififirfilfififififififi

lfififi-fifififififigfifiyfififimfi.fifiEfifihfififfifihfifibfifik’fifi14fi
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CATERPILLAR BETS ON Electrical Vehicle Market with 
Fisker Investment

RECOGNIZING THE IMPORTANCE elec-

trification will mean to multiple business 

segments, Caterpillar Venture Capital Inc. 

(caterpillar.com/ventures) has entered 

into a strategic investment in Fisker Inc. 

(www.FiskerInc.com), an e-mobility and 

technology company. The wholly owned 

subsidiary of Caterpillar Inc. specializes in 

construction and mining equipment, die-

sel and natural gas engines, industrial gas 

turbines, and diesel-electric locomotives. 

That range will expand with its investment 

in Fisker’s solid-state battery technology, 

which has applications in construction, 

energy storage, transportation, and mining 

industries.

This venture comes as Fisker has intro-

duced ways to overcome limitations in sol-

id-state technology, including low-electrode 

current density, limited temperature ranges, 

limited materials availability, high costs, and 

non-scalable manufacturing processes. 

Early results have shown that Fisker’s solid-

state technology enables extremely high 

electronic and ionic conductivities—mean-

ing fast charging and cold temperature 

operation. The company states its tech-

nology delivers more energy density than 

typical lithium-ion batteries—which it says 

reaches about 250 Whr/kg and approxi-

mately 750 Whr/L. The energy density of 

its post Li-ion chemistries can reach 350 

to 500 Whr/kg and 800 to 1,200 Whr/l, it 

reports.

Fisker’s patent includes claims over nov-

el materials and manufacturing processes 

that are critical in achieving the required 

energy density, power, and cost targets 

paramount for the widespread use of elec-

tric vehicles. n

News

COPPER STATE ADDS PRODUCTS to Meet New Market 
Opportunities

COPPER STATE FLUID POWER (http://

www.copperstatefluidpwr.com/aboutus.

html) has added two new manufacturers’ 

product lines to its authorized supplier/dis-

tributorship list: Texcel and TorcUP.  Tex-

cel Industrial (Houston, Tex.) specializes in 

rubber products incorporated into special-

ty items such as high-pressure hoses and 

seals. TorcUP (Easton, Pa.) specializes in 

high-torque wrenches, tools, and pumps. 

Both complement the product lines and 

services that this recently launched facility 

in Tucson, Ariz. provides to the hydraulic 

and pneumatic industries.

Since opening its doors in January 2017, 

Copper State Fluid Power (based in Tucson, 

Az.) has become the authorized distributor 

for a wide variety of manufacturers, pro-

viding parts such as hose assemblies, fit-

tings, valves, gauges, adaptors, motors, 

cylinders, O-rings, seals, air prep products, 

and more. The addition of these new lines 

positions the supplier to better serve new 

markets.

“We’re seeing a strong demand in Tuc-

son with the revival of the mining industry, 

plus firms either relocating here or expand-

ing such as Caterpillar and Raytheon,” said 

Herman Gamez, CEO and owner of Cop-

per State Fluid Power. “My goal is to build 

my company to become a major source for 

hydraulic seals and many other hydraulic 

and pneumatic products, along with sup-

porting technical services such as equip-

ment repair, machine shop, and welding 

within the state of Arizona, Sonora Mexico, 

and the surrounding U.S. states.” n
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Air-Piloted Cartridge Valves 
Improve Military Trailer Brake 
Reliability 

MILITARY OFF-ROAD TRAILERS must be 

built to handle rough going, whether in 

rocky or sandy terrain, snow, or ice. To 

meet U.S. military specifications and 

safety requirements, their brake systems 

must hold for 24 hours once disconnect-

ed from a tow vehicle before an emer-

gency parking brake is deployed. Yet, 

the brakes also must release depend-

ably when needed. The solution is an 

air-piloted valve with tight tolerances 

and zero leakage.

Growler Mfg and Engineering, Star, 

N.C., builds trailers designed for two 

specific military tasks. The companyÕs 

A/M32K-10 munitions trailer trans-

ports air-launched weapons from a 

munitions storage site to the flight line 

at USMC expeditionary airfields. Its A/

M32U-21 maintenance trailer provides 

complete power and air support for 

buildup operations of all munitions. The 

trailers incorporate an air-over-hydrau-

lic braking system with an integrated 

surge system to accommodate multi-

ple prime movers. The braking system 

includes an air pilot-operated valve that 

controls the pressure needed to actuate 

the hydraulic brakes. 

When the company decided to replace 

underperforming valves in these appli-

cations, it tested several and selected 

PAV Series air-piloted cartridge valves 

from Doering Inc., Clear Lake, Minn. 

The valves provide an interface between 

high-pressure hydraulic pilot signal up 

to 5,000 psi and a low-pressure pneu-

matic directional control to 150 psi. The 

valves come in a normally open or nor-

mally closed configuration with 2-way 

or 3-way operation and cracking pres-

sure from 50 to 2,000 psi. They have an 

aluminum body (304 or 316 SS optional) 

with a stainless-steel wetted area to resist 

corrosion and are designed to prevent 

cross-contamination of fluids.

ÒWe were looking for better control 

of the trailersÕ air and inertia braking 

systems,Ó says John Crews, president of 

Upgrading air pilot-operated valves that provide an interface between high-pressure 

hydraulics and lower-pressure pneumatic control of off-road military trailer brake sys-

tems improves their dependability and ensures safe operation.

Growler Manufacturing’s A/M32K-10 munitions trailer uses a Doering piloted air valve to 

ensure reliable operation of its air-over-hydraulic brake system.

Tight sealing in Doering’s piloted air valve 

allows it to meet military requirements to 

hold hydraulic pressure to 5,000 psi from 

a low-pressure pilot signal without leak-

age for at least 24 hours while preventing 

cross-contamination of hydraulic oil and 

compressed air.
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Fluid Conducting Quick 
Disconnect Couplings

Working Pressures to 6,000 p.s.i. | 3/4” thru 3” Size
Hydraulics, Inc. thread to connect couplings are designed to provide 
high fow and low energy loss in fuid power systems. All products 
are built for rugged use and are designed with a minimum 4:1 Safety 
Factor. Notable features include superior fow characteristics and 
resistance to extreme pressures and system induced shock loads.

The carbon steel couplings are offered with both poppet style 
(5TV and 6TV Series) or fat face valves (TVF Series). A variety 
of port options and pressure ratings up to 6,000 psi, and proven 
performance in the feld make these products popular in the mining, 
oil and gas, construction, and other natural resource sectors.

Growler.  “The new valve needed to hold 

pressure tolerances reliably and stand up 

to off-road conditions.”

Two test criteria were switchovers 

and pressure requirements. Switchovers 

ensure that the valves change automati-

cally to the appropriate braking system 

in accommodating several different 

types of tow vehicles in use at any time. 

During testing, the new valves success-

fully switched over and back 100 times 

without failure within the time require-

ments. The valves also performed well 

against target pressure ranges, switching 

reliably at 20-30 psi. In contrast, the pre-

vious valves would switch at anywhere 

between 30 and 80 psi. 

“The PAV valve is better designed 

and manufactured,” Crews said. “It 

doesn’t allow the air and brake fluid 

of the two systems to interface. These 

valves hold to the strict tolerance our 

customers need for safety and reliable 

functionality.” 

Ideas & Applications

ELSEWHERE IN THIS ISSUE (begin-

ning on page 32) is an article describ-

ing air-over-oil systems, where com-

pressed becomes the driving force for 

hydraulic circuits. An alternative to air/

oil circuits is an air-powered intensi-

fier. These devices drive a reciprocating 

pump, which is essentially two cylinders 

mounted end to end with a common 

rod.

The rod of a large-bore air cylinder 

transmits force to a small-bore hydrau-

lic cylinder through its rod. The force 

delivered by the air cylinder is a func-

tion of pressure times net piston area. 

This same force is applied by the com-

mon rod to the much smaller piston 

of the hydraulics cylinder. Therefore, 

output pressure of the hydraulic cylin-

der is force-divided by net piston area. 

Therefore, the intensifier converts 

higher-flow, lower-pressure pneumatic 

power into lower-flow, higher-pressure 

hydraulic power. 

Enerpac, Menomonee Falls, Wis., 

recently introduced its DuroTech line of 

air-driven hydraulic power units (inten-

sifiers) for high-cycle industrial appli-

cations. Douglas Lacina, Workholding 

Commercial and Engineering Leader, 

explains: “Shop air is connected to the 

built-in pressure regulator where the 

Get Hydraulic Power from 
Compressed Air
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operator can adjust the air pressure, in 

turn setting the maximum hydraulic 

oil pressure. The air is ported through 

a built-in air shut-off valve to the air 

pump. With the air shut-off valve open, 

the pump automatically turns on and 

off to obtain and maintain the selected 

hydraulic pressure.”

DuroTech pumps do not require 

lubricated air. They run cool and oper-

ate at noise levels of 75 dBA or lower. 

“One key feature to this product is the 

reciprocating, dual ram piston pump,” 

adds Lacina. “Every time the piston 

strokes, it creates flow, so it reciprocates 

less than single-ram systems do, which 

translates to more flow and longer life.”

The intensifiers feature a four-sta-

tion DO3 manifold with cover plates 

for unused sections, fluid reservoir with 

sight glass, built in air pressure regula-

tor, filter, and pressure gauge. DuroTech 

pumps come in three models, which 

produce maximum hydraulic flow from 

612 to 252 in.3/min, max hydraulic pres-

sure from 1,595 to 4,785 psi, and require 

24 scfm maximum air flow.  

FOR MORE information, call (414) 747-

8315 or visit www.enerpacwh.com.

Test Lab Gets It 
Wrong—On 
Purpose!
WHEN YOU NEED TO achieve precise 

motion and position control, electro-

hydraulic experts stress placing the ser-

vovalve or proportional valve as close 

to the cylinder as you can, and to use a 

manifold or steel tubing to connect the 

two. You should avoid using hydraulic 

hose in this situation because the hose’s 

flexibility is a source of positioning error 

as pressure increases and decreases.

Another shortcoming in hydraulic 

system design is using a cylinder with 

too small a bore. In doing so, system 

designers figure that increasing the 

operating pressure of the system will 

provide the cylinder with enough force 

to move and position the load. 

Delta Computer Systems, Battle 

Ground, Wash., addresses these com-

mon issues and more in its newest lab. 

Trainees can experience the challenge 

of tuning an underdamped system and 

to learn how the advanced control algo-

rithms in Delta’s RMC motion control-

lers can make it possible.

INTENTIONAL ISSUES

The lab’s test rig features several ele-

ments that make it particularly instruc-

tive. The cylinder is deliberately under-

(Continued on page 18)
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sized with a bore of only 1 in. for the designed load and 

acceleration. It also has a longer stroke—10 in.—than recom-

mended for a cylinder with that small a bore. System operating 

pressure is 1,500 psi, and the rig’s load mass (420 lb) can be 

adjusted by adding or removing steel plates from its load sled. 

Position feedback is provided by an externally mounted magne-

tostrictive linear-displacement transducer. The LDT had to be 

mounted externally because the 1-in. cylinder did not afford a 

space large enough to accommodate internal mounting.

Motion is controlled by a high-response electrohydraulic 

proportional directional valve. The test rig also lets trainees 

install conduits between the servo-quality directional valve 

and cylinder ports using short sections of rigid pipe or tub-

ing or long lengths of flexible hose. By shifting a few ball 

valves, trainees can switch between the 7 in. of hard-piped 

connections or 6 ft of hose connecting A and B valve ports to 

the head- and cap-end ports of the cylinder. As a result, the 

dramatic impact of increasing the volume of trapped oil is 

made obvious using Delta’s RMCTools Plot feature. Trainees 

can then use the RMC motion controller’s Tuning Wizard to 

try to adjust the controller gains using first- and second-order 

tuning algorithms. 

THANKS TO Aaron Heinrich and Jacob Paso, of Delta Computer 

System for providing details on this setup.

This test rig at Delta Computer Systems exhibits intentional flaws 

in hydraulic system design and demonstrates to users how Delta’s 

RMC Tools and Tuning Wizard features found in their RMC motion 

controllers can help overcome less-than-ideal control conditions.

(“Test Lab” - Continued from page 17)
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THE HÄGGLUNDS CA hydraulic motor was developed for a 
specific purpose: to provide high torque from a small package. 
Offered by Bosch Rexroth, the Hägglunds CA motor can 
mount directly onto the drive shaft, an arrangement that makes 
it much smaller and lighter than the next-best alternative—an 
electric motor driving a shaft-mounted gear reducer though a 
belt drive.

Not only is the CA motor lighter and far smaller than 
electromechanical alternatives, load torque exceeding the 
motor’s torque output simply causes it to stall, rather than 
overheat. Unlike electric motors, it needs no cooling fan 
(which can pull in dirt and water), and it doesn’t have belts that 
need to be periodically replaced. 

A Hägglunds CA motor delivers continuous high-torque 
power continuously, and the motor’s low inertia allows 
effective torque limitation from zero to maximum speed. It’s 
especially well-suited to winch drives due to its fast-acting 
pressure control that minimizes transients of strain. It also 
achieves four-quadrant operation—driving and braking in 
forward and reverse.

A variety of modular valves provide versatile drive options. 

Mounting the motor directly onto a winch drum and outfitting 
it with brakes and the appropriate valves creates a free-wheeling 
drive that enhances safety by enabling immediate emergency 
release. This feature can be capitalized on in other situations, 
such as shooting out the net on a fishing vessel. For example, 
when paying in fishing net, an operator can first select the 
high-speed range, then switch to low-speed for maximum line 
pull when lifting. For a winch or crane in cargo operations, 
overload protection is provided if a hook or load should jam. 
In this situation, the Hägglunds CA can stop instantaneously 
due to its low moment of inertia. Furthermore, installing a 
DNV-approved safety brake on the drum can minimize the 
risk of dropping a load if a drive line fails.

The drive system can provide infinite speed variations, 
moving slowly or accelerating rapidly, and allows precise 
positioning. This is useful not only for cranes and winches, 
but in modern maneuvering applications, such as azimuth 
propulsion drives on cruise ships. Regardless of the speed, the 
motor can transmit full torque continuously. 

FOR MORE information, visit www.boschrexroth-us.com.

Radial-Piston Motor is a Natural for Marine Drives

http://www.boschrexroth-us.com
mailto:info@demac.it
http://www.demac.it
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T
h e  m i l l e n n i u m  p u mp, 

shown in combined sche-

matic-block diagram form 

in Fig. 1, consists of the basic 

electronically stroked pump kernel, plus 

several sensors used for control and 

diagnostics. The pump kernel for bus 

use is nothing more than the universal, 

electronically controlled, variable-dis-

placement pump itself. We will examine 

the pump not as a component, but in the 

context of the system to which it must 

adapt. The elements in Fig. 1 form the 

framework for that look. 

The communications interface per-

forms the connection between the 

pump assembly and the enterprise-wide 

communications bus. The pump has a 

single input from the control computer 

that will allow the pump to be config-

ured in any of several ways. By select-

ing different control algorithms in the 

control computer, the pump can act as a 

• simple variable-displacement 

device, 

• a conventional pressure-compen-

sated pump, 

• a speed-control loop, 

• a position-control loop, 

• a load-sensing pump, 

• or any other desired performance, 

provided that the performance 

can be programmed into the con-

trol software. By monitoring the 

sensors on a periodic basis, other 

analytical software can compare 

the existing performance against 

the original performance and 

make assessments as to any degra-

dation in performance. 

The electromechanical interface 

will undoubtedly be a coil of some 

type (torque motor, force motor, or 

proportional solenoid) that requires a 

substantial current to provide appro-

priate mechanical motion of the valve, 

flapper, or whatever. That current will 

range between a low of 10 or 15 mA for 

certain torque motors, to a maximum 

of 2.5 to 3.5 A for certain proportional 

solenoids. This requires that the coil 

be driven by an analog servo or pro-

portional power amplifier (S/P amp), 

shown as A in Fig. 2. 

ISSUES TO CONFRONT 

There are several issues for the design-

er to consider. First, is the issue of where 

the amplifier will be located. Most manu-

facturers have moved control electronics 

to the valve bodies of servo and propor-

tional valves. This move has significantly 

reduced headaches with cabling and wir-

ing, which are the least reliable compo-

nents, mostly because they are external 

and subject to severe environments and 

physical abuse. The proximity of the elec-

More on the Hydraulic 
Pump of the Future

Motion Control

JACK JOHNSON | Contributing Technical Expert

Power grid

Power grid

Electric 

power

Electric 

power

High

Increase 
displacement

Electric 
motor

Pumping

Motoring

Inertia load

Inertia load

Low

Low

High

Acceleration

Deceleration

T
N

T
N

Decrease 
displacement

Electric 
generator

1. Modifications to the universal prototype pump allow greater interaction between the pump 

and electronic controls and sensors. This configuration lends Itself to two-way communica-

tion between devices and controls through the data bus.
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CHANGE IS 

CONSTANT
It's time to make the change to Texcel's 
constant pressure hydraulic hose line.

FIND YOUR LOCAL

AUTHORIZED DISTRIBUTOR

call 800.231.7116 or email 

hydraulics@texcelrubber.com

Today's increasing demand for higher 

performing hydraulic systems has led Texcel 

to introduce the new constant pressure 

TERA-GLIDE Isobaric hydraulic hose line. 

Trust in the Texcel color coordinated laylines 

for ease of hose pressure identification.

Motion Control

tronic module to the valve allows delicate 

wiring and cabling to be safely tucked 

within rigid, sealed enclosures, in addi-

tion to reducing conductor length. 

More of the electronic adjustments 

can be done at the factory, then set and 

locked, reducing the need for tuning at 

application time. Effects of severe envi-

ronments can be minimized by elimi-

nating exposure of the electronic circuit 

boards to such destructive conditions as 

mud, dirt, dust, steam cleaning, chemi-

cal cleaning, or perhaps worse. 

On the other hand, experience with 

valves has shown that in high-vibration 

applications, the mechanical integrity of 

the circuit board and its mounting are 

critical. Field reports of circuit board 

structure and mounting failures are rare, 

but in severe vibratory applications, they 

do occur. It is incumbent upon the elec-

tromechanical designers that the elec-

tronic devices onboard the pump be 

industrially hardened to withstand the 

rigors of the most abusive applications. 

This requires designing for structural 

integrity, vibration and environmental 

testing and, finally, qualification of the 

entire pump subsystem. Having done 

so, the advantages of placing the elec-

tronic circuits directly on the pump far 

outweigh the problems that accompany 

remote siting. The final package will 

have the SIP amp safely enclosed and 

sealed, as well as equipped with any nec-

essary cooling fins. 

The second issue that must be faced 

involves the need for dc power, which is 

required by the local electronics such as 

the SIP amp. The dc power supply must 

also provide the power for the coil. Cer-

tain bus systems have been standard-

ized to include two or three wires in the 

bus cable for carrying dc power to the 

devices. As long as the valve coil is at the 

low end of current requirements, (i.e., 

10 to 20 ma), the bus can probably carry 

sufficient current for at least one of the 

millennium pumps. 

If the pump is going to use a propor-

tional solenoid requiring 2 or 3 amps, 

then a special cable with dc power will 

have to strung for that purpose; it is 

unlikely the bus will be able to supply 

that much current. Special tee connec-

tors at the bus nodes permit a remote 

power supply to be added for special 

needs within a local area. 

Alternatively, low-voltage ac power 

(probably 12- to 20-V RMS) could be 

connected to the pump. However, dc 

power would then have to be generated 

onboard the pump—requiring rectifier, 

filter capacitor, and voltage regulator 

circuits. Note that this external cabling 

defeats the advantage of buses—that 

is, reducing the number of all those 

accursed cables!
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THE PROTOTYPE PUMP

The prototype pump of the future 

is drawn with seven different sensors 

to monitor the critical variables asso-

ciated with the pump (Fig. 2). For any 

given application, this may be overkill, 

but the aim here is to look at possibili-

ties and to discuss the issues—even in 

the extreme, if need be. Specific choices 

must be made with the application in 

mind. Refer to Fig. 2 regarding the fol-

lowing sensors: 

• HPO is the pump outlet pressure 

sensor HN is the pump input shaft 

speed sensor,

• HN is the pump input torque sen-

sor HD is the pump displacement 

or cam angle sensor,

• HPI is the pump inlet pressure 

sensor, 

• HP, CD is the pump case drain 

pressure sensor, and 

• HCD is the case drain tempera-

ture sensor. 

Each sensor has issues associated 

with it that will affect the success of the 

pump in the marketplace—from the 

standpoint of utility, performance, and 

cost. There are three pressure sensors, 

and it behooves the designers to make 

them as identical as possible in order to 

reduce inventory and related costs.

ISSUES WITH PRESSURE SENSORS

The first issue that must be resolved 

is the question of pressure sensor range. 

The pump symbol used in Fig. 2 implies 

that the pump can stroke over center 

and, thus, reverse its output flow with-

out reversing direction of shaft rotation. 

It is, therefore, the classic variable-dis-

placement pump used in a hydrostatic 

transmission. As such, there is no real 

inlet or outlet port, because the two 

power flow ports change roles from inlet 

to outlet and vice-versa. 

Either port can be at high pressure 

and either can be low. The ranges of 

the two sensors, therefore, would most 

likely be the same, requiring at least 

several thousand psi capability in each. 

The case drain would, most likely, have a 

very low range requirement (perhaps no 

more than 100 or 200 psi), necessitating 

at least two different ranges and two dif-

ferent sensors. 

Other applications, such as pressure-

compensated pumps and load-sensing 

pumps, do not require over-center oper-

ation. In these cases, the inlet pressure 

sensor need only be capable of reading 

relatively low pressure, such as the pres-

sures expected at the case drain port. 

Again, two sensors could be identical, 

but have a low pressure range. The third 

would have to be capable of measuring 

high pressure. 

The cost of sensors is cannot be 

http://www.OKeefeControls.com
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ignored. The proliferation of pressure 

sensors used in cars—at least for low-

pressure applications—has driven the 

price of semiconductor strain gage vari-

eties into the range of $15 to $30 in OEM 

quantities. The cost of higher pressure 

sensors has yet to break the $100 bar-

rier, even in large quantities. For this 

reason alone, the pump must be tailored 

to the application, and the number and 

kinds of sensors will be adjusted to meet 

specific needs. However, as the need 

for high-pressure sensors in hydraulics 

grows, costs will fall. 

The specific type of pressure sensor—

strain gauge, quartz crystal, or variable 

reluctance, to give examples—to use 

for a specific application also must be 

resolved. Semiconductor strain gauge 

types will likely be used when low cost is 

most important, but quartz crystal and 

variable reluctance types may get the 

nod for measuring high-frequency pres-

sure ripple pressures. 
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2. The prototype millennium pump is shown here with seven different sensors, which are 

responsible for monitoring critical pump variables. These variables include outlet pressure, 

input shaft speed, Input torque, displacement, Inlet pressure, case drain pressure, and case 

drain temperature.
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Note that the prototype pump has 

no differential pressure sensors; all are 

gauge pressure sensors. This is not an 

oversight. It is just a realization that 

gauge pressure sensors will be the least 

expensive, regardless of type, create few-

er problems in predicting performance, 

and provide the most information—

especially when diagnostics is needed.

CHALLENGES FOR SPEED SENSORS

A variety of issues surrounds the 

selection of the right speed sensor for 

pumps of the future. Foremost is the 

type of sensor. Probably not more than 

three different types are viable with 

today’s technology: rotating ferromag-

netic protrusion with magnetic pickup, 

dc brush-type tachometer, and brushless 

dc tachometer. 

The rotating protrusion-type sensor 

is very popular because of its simplic-

ity. In the laboratory, it is common to 

mount a 60-tooth iron gear on the shaft 

and position a magnetic pickup near the 

OD of the gear. As the gear spins, each 

tooth generates a pulse as it passes by the 

magnet. The frequency of the generated 

voltage from the pickup is directly pro-

portional to the speed of the shaft. 

All that is needed is an electronic 

digital counter, which counts the num-

ber of pulses generated during a pre-

cise internal gate time. If the gate time 

is set to one second, and the gear bas 60 

teeth, the frequency (in Hertz) is exactly 

equal to the speed in rpm. The gate time 

need not be exactly one second, and the 

number of teeth or protrusions need not 

be 60, because any combination simply 

requires a different scale factor to con-

vert frequency to speed. 

The first problem that arises with this 

type of speed sensor is that the digital 

circuitry must accumulate pulses over 

some finite amount of time. In the digi-

tal control world, the sequence typically 

goes something like this: The processor, 

by virtue of its programming, “knows’” 

when it needs speed information, and 

initiates the pulse accumulation process 

by setting the pulse counter to zero. If a 

1-sec. gate is used, the data is one second 

old by the time it is ready.

To get around this, you might argue 

that the computer should start one sec-

ond earlier; then the data will be ready 

when the computer asks for it. However, 

that does not work, because the data is 

still old when it is finally available. A 

workable ploy is to reduce the gate time. 

But doing so requires an increase in the 

number of teeth to maintain measure-

ment resolution. 

Perhaps a more workable plan would 

be to measure the period of the pulse 

train—that is, the time between two 

consecutive cycles. That way, the maxi-

mum time delay in the data is the time 

for one tooth to pass. But this is not 

without its own challenges. If the gear 

has a great number of teeth, the time is 

short, and an extremely high frequency 

clock (several MHz) and high-speed 

counter are needed. In fact, period mea-

surement argues in favor of fewer teeth, 

which now raises some practical pos-

sibilities. 

The ferromagnetic protrusions need 

not be gear teeth, but any non-uniform 

iron body. Such a body could be the bar-

rel in a piston pump, a key on a shaft, 

the vanes in a vane pump, or the teeth of 

the displacement gears in a gear pump. 

The major problem is figuring out how 

to mount the magnetic pickup to sense 

the protrusions magnetically without 

interfering with the normal hydraulic 

operation of the pump. Whatever is 

resolved regarding these issues, the elec-

tronic circuitry must either digitize the 

frequency data of the pulses streaming 

from the magnetic pickup or convert 

the frequency data into a proportional 

analog voltage. 

Inexpensive frequency-to-voltage con-

verters are readily available and easy for 

a competent electronic circuit designer 

to incorporate into a control circuit. But 

these devices are not without problems 

because they, too, have a considerable 

time delay associated with the conversion 

process. In the end, any speed-measuring 

method that uses frequency as its basis 

will suffer from time lag. And time lag 

can lead to instability if the speed data is 

used to close a feedback loop. 

Another important issue with the 

magnetic pickup as a speed measuring 

device is that in their simplest manifes-

tations, they will not work below some 

threshold minimum speed. The output 

voltage from the magnetic pickup varies 

not only in frequency, but also in ampli-

tude. At a slow enough speed, the output 

voltage becomes so low that the digital 

counter cannot generate pulses from the 

teeth passing by. 

In the specific case of pump speed, 

conditions near zero rpm normally are 

not very important, so magnetic pick-

ups are viable. But if zero speed detec-

tion is needed, then the magnetic pick-

up must be replaced with a Hall-effect 

sensor. The Hall-effect sensor holds the 

advantage of not relying on a changing 

magnetic field to generate its voltage. It 

senses only the amplitude of the magni-

tude of the magnetic field and generates 

a proportional output voltage. 

Thus, the output from the Hall-effect 

speed sensor varies only in frequency, 

not amplitude, right down to zero speed. 

Furthermore, the signal is very nearly 

a square wave, which the signal condi-

tioning circuits can easily process. 

But there is yet another method of 

speed measurement that relies on a pulse 

train for its base data source. If very high 

resolution and speed are needed—and 

frequency is the parameter of choice—

optical encoders become a viable option. 

The optical encoder uses light emitting 

diodes, phototransistors, and a wheel 

with alternating opaque and transparent 

openings. The wheel must be mounted 

to the shaft whose speed is to be mea-

sured. The advantage of optical encod-

ers is that there can be thousands of 

pulses per revolution of the shaft, giving 

very high resolution, even with frequen-

cy measurement and short gate times. 

Plus, they work down to zero speed, just 

like Hall-effect magnetic sensors. They 

are, however, the most expensive of the 

three types. 
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Don’t Let Infected Fluids
Afflict Your Operations
Industrial Internet of Things (IIoT) applications are giving remote control a whole new 

meaning. Manufacturers are setting the pace now by using their cell phones to make 

sure contaminated fluids don’t infect productivity throughout their enterprise.

H
ydraulic fluids lubricants are often infected by 

contaminants smaller than bacteria. And like 

any invasive bacterium, such contaminants 

can cause chain reaction overloads and serious 

damage to the moving parts of even the biggest hydraulic and 

mechanical systems. Pumps can fail, valve spools can stick, 

and bearings can grind to a halt. Such chain reactions can 

invade top-floor business offices, rendering operating budgets 

inoperable thanks to unplanned maintenance and downtime. 

The managers responsible for these operations are also likely 

to miss key performance efficiencies, forcing them to develop 

business cases to replace crucial capital equipment.

The early identification of a rising trend in particle contam-

ination could prevent such a business system contagion. The 

combination of early alerts and warnings when processes start 

veering from optimum could help protect targeted output, 

performance, and efficiencies. Constant, on-demand access to 

such data—no matter where they are in the world—can help 

managers react quickly, even before issues occur. 

Pall Corp., Port Washington, N.Y., offers its Crixus fluid 

monitoring platform to elevate fluid monitoring to next-level 

capability. Rory Duncan, product manager at Pall, explains 

that this intelligent fluid cleanliness monitoring platform 

benefits from the availability and effectiveness of smartphones 

and other handheld wireless devices in the business environ-

ment. These devices provide the necessary interface between 

hydraulic and lubrication applications and the Industrial 

Internet of Things (IIoT). 

A series of process sensors connected to a cloud-based 

predictive analytics platform provides the real-time data that 

instantly flags performance issues and warns of potential 

problems. Information from the Cloud is pushed to the Crixus 

mobile and web app, where systems and applications from 

multiple sites can be monitored. 

OLD-SCHOOL REMEDY

Duncan says that although conventional bottle sampling is 

better than no fluid monitoring, manual methods are time-

ALAN HITCHCOX | Editor

Contamination Control

Equipment managers have made great strides in reducing downtime and costs associated with it through regular fluid sampling and analy-

sis. Continuous monitoring of hydraulic fluid raises preventive and predictive maintenance to a higher level by overcoming the limitations of 

manual fluid sampling.
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consuming and error-prone. The many steps and precautions 

inherent in taking a bottle sample lead to inefficiencies and 

inaccuracies. What’s more, the results need to be sent to a lab 

where outsiders make conclusions about the sample. This can 

be expensive and doesn’t guarantee quality results. In fact, if 

a technician on either end of the analysis makes a mistake, 

either during the sampling or the testing itself, then the entire 

set of results can be incorrect. 

For instance, during the extraction of the sample, if the 

sampling point has not been cleaned sufficiently, contami-

nants from the environment can find their way into the bottle 

sample results. Also, if the fluid system has been shut down for 

a while, the collected sample will not be a true representation, 

as contamination may have collected near the sample point. 

Without convenient ways to compare past samples, these 

mistakes can go unnoticed. That could result in costs further 

down the line as small errors snowball into massive issues. 

Assuming that the results are correct, they may require many 

days to process and, at best, only give a freeze-frame picture of 

the fluid at one particular point in time.

PFI: THE POTENTIAL FAILURE INTERVAL

Duncan points out that the potential failure interval (PFI) 

helps prioritize preventive maintenance tasks. It is the time 

interval between when you first detect equipment starting to fail 

(potential failure), and the point at which the equipment actu-

ally fails (functional failure). To be effective, condition-based 

inspection must be performed more frequently than the PFI. 

The PFI is useful in the IIoT, where equipment component 

and system health is continuously monitored. It helps deter-

mine the level of condition at which an alarm should be raised 

and action taken. For example, Duncan explains users can raise 

different alarms at different points on the curve, dependent on 

how much warning is required to avoid functional failure of a 

particular machine. The PFI can be applied to equipment fitted 

with real-time health monitoring, such as Pall’s Crixus platform.

ONLINE MONITORING

Online, on-demand monitoring minimizes wait time and 

risk of data inaccuracy. And by eliminating the human element 

and middlemen, errors and outliers usually become obvious; 

since past samples are easily stored by the manufacturer, prob-

lematic results can be compared to historic data. The collection 

of this data is particularly valuable because it enables manufac-

turers to use predictive analytics. That means seeing and solving 

problems before they become too large to manage easily. 

Tony Green, senior scientist at Pall, explains that having a 

bank of real-time data can be paired with various software pro-

grams to help analyze, synthesize, and evaluate potential issues 

before they arise. When slight changes in fluid properties are 

detected, manufacturers can investigate and make corrections 

before these variations balloon into large and expensive main-
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SHOCKING NEWS!

Contamination Control

tenance challenges. Maintenance can be 

standardized and, with instant results, 

crises can be prevented. 

Green continues by saying that prior 

to online monitoring, taking advantage 

of predictive analytics was prohibitively 

expensive and only as valuable as the 

quality of the results used in the first 

place. Quality was practically impos-

sible without a large enough sample size. 

If a technician involved in any of those 

samples made a mistake, the entire data-

set could be untrustworthy. 

A PLATFORM FOR INTELLIGENT 

FLUID MANAGEMENT

Pall’s Crixus-enabled technology 

provides intelligent fluid management. 

Green explains that it uses a series of in-

line sensors to continually monitor filter 

performance and fluid condition. RFID 

technology, built into Crixus-equipped 

filter elements, helps pinpoint, identify, 

and verify the performance of every fil-

ter in a system. 

Also, as part of IIOT, all of this data is 

transmitted via a wireless network to a 

gateway node connected to the Crixus 

Cloud. Here, intelligent software trans-

lates the data, maps it against historical 

trends, process variables and predic-

tive algorithms, then presents it to you 
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Even though catastrophic failures seem to occur suddenly, early warning signs usually can be 

detected well before failure becomes imminent. Continuous monitoring of hydraulic fluid can 

identify problems early within the potential failure interval to delay subsequent component 

failure.

NOVEMBER 2018   HYDRAULICS & PNEUMATICS

http://ametekfactoryautomation.com


31GO TO HYDRAULICSPNEUMATICS.COM

www.hydraulex.com© Hydraulex. All Rights Reserved.

1-800-422-4279

sales@hydraulex.com

NO LONG LEAD TIMES. NO WAITING.

JUST ON-THE-SHELF 
AVAILABILITY.
Are you getting hit with a long lead time from the OEM? Give us 

a try. Our extensive inventory of reman units from manufacturers 

like: Bosch®/Rexroth®, Vickers®, Denison®, Continental®, Eaton®, 

Kawasaki®, Oilgear® and Sauer Danfoss®/Sundstrand®; and our new 

aftermarket interchange units—means no long lead times.

We can help you get back up and going quickly with our short lead 

times and quick turnaround. If you need a replacement pump, motor 

or valve unit fast, we can help!

Make Hydraulex your frst call when you need replacement 

hydraulic pumps and motors for your equipment.

through a reporting and notification 

system. 

Green continues that fluid condition, 

filter performance, and remaining filter 

life can be monitored via desktop and 

mobile applications anywhere there’s 

an internet connection. This helps 

streamline the maintenance process and 

improve site efficiency. Alerts and warn-

ing levels can be set, so users can act on 

issues as soon as they occur. 

The technology can also be used to 

undertake analysis of historical data 

trends to help determine more effective 

maintenance procedures, set user-pro-

grammable alarms for individual system 

requirements, and identify the location 

of filter housings via an integrated 360-

deg. LED beacon.

Key benefits from using IIoT-enabled 

technology include:

• less risk of serious damage to parts 

and machinery 

• higher productivity

• constant monitoring of fluid clean-

liness 

• lower direct fluid management 

costs

• higher overall value of every fluid 

management activity

BENEFITS FOR MAINTENANCE 

AND IT 

The Crixus intelligent fluid manage-

ment system provides insights into the 

fluid cleanliness and filter performance 

to ensure greater process and opera-

tional uptime for higher productivity, 

according to Duncan.

Questions are certain to be raised by IT 

personnel concerning secure connections 

and reliable cloud storage whenever your 

engineering team looks to remotely mon-

itor fluid management processes. Crixus 

technology has Two-Factor Authentica-

tion: an extra layer of security to protect 

the web portal, which can be enabled and 

disabled by the user. Security is ensured 

through end-to-end encryption. Com-

munication supports proxy servers and 

provide the ability to whitelist destination 

IP addresses for added security. 

Duncan says this intelligent fluid 

monitoring can also:

• provide easy access to cloud stor-

age for viewing of dashboards and 

reporting tools 

• ensure proprietary data is kept 

safe as only instrument operating 

parameters are monitored

• offer high levels of security through 

dedicated data centers

•  provide you with minimal network 

impact through its easy-to-imple-

ment, out-of-the-box setup.

Online monitoring of fluid contam-

inants can help cure problems in your 

operations and alleviate infectious conse-

quences for others in your enterprise. 

FOR MORE information, please visit www.

pall.com/en/crixus.

mailto:sales@hydraulex.com
http://www.pall.com/en/crixus
http://www.pall.com/en/crixus
http://www.hydraulex.com
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B
ecause air cylinders produce fast, repeatable 

motion, achieve high cycling rates, and don’t 

generate substantial heat, they are well suited 

to factory automation systems. However, air is 

compressible—which is an advantage in many applications, 

but complicates closed-loop motion control. A solution often 

overlooked is to incorporate a closed hydraulic circuit to 

regulate speed and provide load holding for the otherwise all-

pneumatic system.

Air-over-oil systems offer a cost-effective alternative for 

many closed-loop speed control applications by combining 

the convenience of readily available compressed air for power 

with hydraulics to control motion. These unconventional 

systems are well suited to low-power systems where smooth 

speed control, rigidity, or synchronized motion are needed. 

Most components needed for air/oil systems are standard 

hydraulic and pneumatic products—but no hydraulic pump 

is needed. When greater force is needed, a pneumatic pressure 

intensifier can be used to boost air pressure from roughly 100 

psi to several hundred psi. Components unique to air/oil cir-

cuits can be manufactured in-house from standard products 

or purchased from a variety of sources. 

For example, an air/oil tank can easily be constructed from 

a standard air cylinder by removing the piston and rod and 

replacing the rod-end cap with a second blank cap end. Some 

manufacturers offer self-contained, air-powered cylinders 

with built-in oil cylinders and reservoirs. Some units have 

two-speed capabilities as well as stop and hold options.

Coupling low-pressure hydraulic cylinders with air-over-

oil tanks is a common way to create an air-over-oil system. 

These tanks hold more than enough oil to stroke the cylinder 

one way. Having an air valve connected to the air-over-oil 

tanks forces oil from the tanks into the cylinder. Add flow 

controls and stop valves to the oil lines to give smooth, accu-

rate cylinder control. Air-over-oil tanks do not intensify the 

oil, no matter the tank diameter or length. The amount of air 

pressure supplied is the highest possible oil pressure available. 

But, again, if greater force is needed, a pneumatic pressure 

booster (intensifier) can be installed upstream of the com-

pressed air inlet.

Tandem cylinders can also control oil and air power. The 

single-rod cylinder of the tandem runs on air, whereas the 

double-rod cylinder is full of oil. Because volume is equal in 

both ends of the double-rod cylinder, oil flows from end to 

end through flow controls or shut off valves for accurate speed 

and stopping control.

When designing with air-over-oil systems, take care sizing 

the oil lines. Most air-oil circuits operate at 100 psi or less, so 

any pressure drop in the circuit can substantially reduce the 

force applied by the cylinder. If oil lines are undersized, cylin-

der movement will be very slow. Size most air-over-oil circuit 

oil lines for velocity of about 2 to 4 ft/sec. This low speed 

requires large lines and valves, which are necessary if average 

travel speed with maximum force is important.

Bleeding of air from the oil chambers can present another 

common problem with air-over-oil circuits. Any trapped air 

in the oil will make cylinder operation spongy. This compress-

ibility makes accurate mid-stroke stopping and smooth speed 

control difficult to achieve. When using an air-over-oil tank 

system, it is best to mount the tanks higher than the cylinder 

ALAN HITCHCOX | Editor

Automate with Air

Pneumatics technology has many advantages for factory automation. However, the 

compressibility of air makes variable-speed control difficult unless sophisticated 

closed-loop valve systems are used. However, air-over-oil systems can achieve 

precise speed control at a fraction of the cost of alternatives.

Have You Considered 

Air-Over-Oil 
Circuits?
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Automate with Air

they feed. All lines between the cylinder and the tanks should 

slope up toward the tanks. Also, if possible, let the cylinders 

make full strokes to purge the air. Incorporate a means for 

equalizing tank level in the design when a dual-tank system 

is used.

The cylinder seals must be as leak-free and provide low 

friction. Any leakage past the seals can cause tank overflow, 

oil misting, and loss of control. The following examples can be 

used to provide low power with smooth control rather than oil 

hydraulics.

BASIC AIR-OVER-OIL CIRCUITS

Figure 1 shows a single tank air-over-oil system with an air 

valve piped to an air-over-oil tank. As shown, compressed air 

will flow into the top of the tank and push hydraulic oil into 

the rod end of the cylinder, causing the rod to retract. The oil 

flows through the check valve, bypassing the flow-control ori-

fice, so the cylinder retracts quickly. 

Shifting the directional valve routes compressed air directly 

into the cap end of the cylinder. As the piston rod extends, oil 

is forced out the rod end of the cylinder and through the flow-

control orifice, which provides a controlled extend speed. If 

the load should reverse, the flow-control orifice prevents the 

rod from extending faster than the flow control allows. If force 

requirements keep changing while the cylinder is moving, speed 

will change very little as long as the cylinder has enough force.

Air leaking past the piston seal can be an issue in a single-

tank air-oil circuit. Any air mixed with the oil can cause 

erratic movement and compromise control. This circuit is 

good for replacing a straight air cylinder that is moving a 

large load. When load force on the extend stroke varies, a 

straight air cylinder may stop or lunge uncontrollably. With 

oil in the rod end of the cylinder, movement will be smooth. 

Even if the cylinder stops, it will not lunge when it again 

starts to extend.

Notice the baffles in the air-oil tank. The top baffle keeps 

incoming air from shooting into the oil, which would pro-

mote aeration. The bottom baffle helps prevent air from being 

drawn into the cylinder as the tank level lowers.

Sight gauges are also necessary to monitor oil level on the 

air-oil tank. Purchased air tanks usually come with baffles, 

sight gauges, and a fill port. Some purchased air-over-oil tanks 

feature air cylinder tubing with two cylinder caps held in 

place with tie rods. Air-over-oil tanks should be sized to run 

approximately 75% full for optimum performance.

Figure 2 shows a double tank system. Two tanks eliminate 

the issue problem caused by leaking cylinder seals. They also 

allow accurate speed or stop control in both directions of trav-

el. A twin-tank system is more expensive, and it may reduce 

maximum cylinder speed slightly. When using two oil tanks, 

always put a line with an equalizing valve between the tanks. 

This line should be below the lowest tank oil level to allow easy 

adjustment of tank oil level when cylinder seals bypass.

Compressed air
Air at atmospheric pressure
Hydraulic oil

Low-pressure 
hydraulic cylinder

Meter-out 
flow control

Oil baffle

Air baffleSight 
glass

Air/oil 
tank

Plant air in

1. As shown, this single tank air-over-oil system will retract at full 

speed. Shifting the valve routes hydraulic fluid through the check 

valve and orifice to provide speed control during extension.

Compressed air
Air at atmospheric pressure
Hydraulic oil

Air/oil tanks

Equalizing 
valve

Meter-out 
flow control

Meter-out 
flow control

Low-pressure hydraulic cylinder

Shutoff 
valve

2. The double-tank air-over-oil system provides speed control for 

both extension and retraction. 

W
hen designing with air-over-oil systems, take care sizing the 

oil lines. Most air-oil circuits operate at 100 psi or less, so any 

pressure drop in the circuit can substantially reduce the force applied by the 

cylinder. If oil lines are undersized, cylinder movement will be very slow. 
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CAUTION: Never fill a tank to capacity when the cylin-

der is stroked away from it. Otherwise, the oil will overflow 

in the tank from excess fluid in the cylinder returning to 

the tank.

Install a solenoid or pilot-operated shutoff valve in the oil 

lines to the cylinder for accurate control. A shutoff valve lets 

you precisely position and hold the cylinder for long periods. 

Because oil can be considered incompressible at these relative-

ly low pressures, a cylinder will not move even if outside forces 

push against it. If excessive outside force is possible, install a 

relief circuit to protect the cylinder and machine structure. 

TANDEM CYLINDERS IN AIR-OVER-OIL CIRCUITS

Figure 3 shows a tandem cylinder piped for speed control 

and mid-stroke stopping. A tandem cylinder unit provides 

the same results as an air-over-oil tank system. The air valve 

piped to the single-rod cylinder gives directional control. 

Install meter-out flow controls and a shut-off valve in the line 

between ports on the double-rod cylinder. The double-rod 

end cylinder is completely full of oil and sealed against leak-

age. However, a small reservoir attached to the transfer line—

with a check valve between it and the cylinder port—lets oil 

enter the cylinder when needed.

This tandem cylinder arrangement operates smoothly and 

gives accurate mid-stroke stopping control. A tandem cylinder 

costs about the same as a dual-tank system. However, the size 

of the tandem cylinder is about twice that of the conventional 

cylinder. Also, long-stroke tandem cylinders can be difficult to 

mount and maintain. Normal piston seal leakage normally is 

not an issue, but rod seal leaks can let oil out or air in, creating 

the potential for external leaks and spongy cylinder movement.

Figure 4 shows a large-bore, high-force air cylinder with 

a small-diameter hydraulic cylinder in tandem with it. An 

unmatched tandem cylinder has ample oil for smooth control 

and precise positioning. Unmatched tandem cylinders offer 

two big advantages: less cost and lower oil flow.

When specifying unmatched tandem cylinders, make sure 

the piston rod sizes are compatible between the air and oil 

cylinders. Rod size usually dictates the smallest bore hydrau-

lic cylinder possible. Also, check for excessive pressure in the 

oil cylinder that could damage it and other components. The 

higher oil pressure comes from intensification due to different 

bore sizes. Also, a vertically mounted cylinder with a heavy load 

adds load-induced pressure to intensification, possibly damag-

ing components rated for air or low-pressure hydraulic service.

Figure 5 (page 37, top) shows an accurate way of synchroniz-

ing two or more tandem air cylinders with fluid power. Four 

tandem cylinders are hooked to one platen, which will stay 

level throughout the stroke. Force from all four cylinders is 

available to move the load, regardless of its position.

Notice the transfer valves between the tandem cylinder’s 

cross port lines. Always return a fluid-type synchronizing 

circuit to a positive home position often, preferably after every 

cycle. When the air cylinders return the platen to home posi-

tion, the transfer valves open to let the cylinders to re-synchro-

nize. Doing this after each cycle eliminates any cumulative 

position error from seal leakage.

When using unmatched tandem cylinders in a synchroniz-

ing circuit, check for overpressure from intensification and 

load-induced pressure as already mentioned. Placing a heavy 

load over one cylinder provides pressure intensification from 

the other actuators. All other cylinders will transfer their 

excess energy through the oil lines to the loaded cylinder. The 

loaded cylinder could then push with four times its normal 

force. One-fourth of this force would be from its own air cylin-

der, whereas three times more force would come from energy 

transfer. This could overpressurize the cylinders or valves, 

causing failure.

Compressed air

Air at atmospheric pressure

Hydraulic oil

Meter-out 
fow controls

Shutof 
valve

Load

3. Using a tandem cylinder provides a simpler means of speed control 

in both directions but requires more space at the actuator because at 

the tandem is larger than a standard double-acting cylinder.

Compressed air

Air at atmospheric pressure

Hydraulic oil

Shutof 
valve

Meter-out 
fow controls

Load

4. An unmatched tandem cylinder can be less expensive and 

smaller than a standard tandem cylinder, but the different cylinder 

volumes makes pressure of flow intensification an issue.
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Figure 6 (right, bottom) shows oppos-

ing tandem cylinders. This is a specific 

arrange to make the piston rods meet 

midway between the cylinders. One appli-

cation for this setup would be position 

different size parts for drilling or punch-

ing a center hole in the workpiece. 

THIS DISCUSSION is an update from Flu-

id Power Circuits Explained, originally au-

thored by Bud Trinkel. Visit bit.ly/HP-FPCE 

to view the table of contents of the e-book, 

with links to every chapter.

5. Two or more tandem cylinders can be a 

convenient way of achieving synchronized 

motion. However, cylinders should be fully 

extended or retracted after each cycle to 

prevent accumulated positioning error.

6. Opposed-mounted tandem cylinders 

extend equally, and their piston rods meet 

midway, which provides a simple solution 

for centering different-sized workpieces.

http://hydraulicspneumatics.com
http://bit.ly/HP-FPCE
http://www.compactautomation.com/configurators
http://www.compactautomation.com


38

Mobile crushers can reduce rock, concrete, and other debris to the size of gravel, and 

they can maneuver themselves around a work site—but not at the same time. That’s 

how these dual-purpose machines can get away with having a single hydraulic power 

unit.

Mobile Crushers 
Go Where the Work Is

I
f the mountain won’t come to 

Muhammed, then Muhammed 

must go to the mountain. That’s 

the principle behind mobile 

material crushers. Large, stationary 

crushers can crank out impressive piles 

of crushed rock or concrete in no time. 

But some projects—such as road con-

struction and utility projects—can go 

faster by bringing the crusher to the 

work area, rather than having to trans-

port material to a centrally located 

crusher. With output capacities ranging 

to hundreds of tons per hour, these pow-

erful brutes can hold their own against 

larger, stationary machines by smoothly 

and efficiently reducing construction 

and demolition debris into pre-selected 

sizes for gravel, fill, or subsequent pro-

cessing.

Rocks and concrete chunks in sizes 

up to 3 ft by 3 ft and more than a foot 

thick can be fed into these crushers 

and reduced to pieces as small as 1 in.3

Output material can then be used for 

roadbeds, pipe beds, fill, or aggregate 

production—or simply graded into the 

soil for disposal.

GETTING DOWN TO BUSINESS

After the mobile crusher is transport-

ed to the job site on a trailer, an opera-

tor maneuvers it into convenient posi-

tions under its own power—ready to 

work in spaces too tight for larger, more 

cumbersome crushers or inaccessible to 

crushers that must be towed or pushed 

into final position. Mobile crushers sig-

nificantly increase productivity because 

the unit can move around a site to crush 

material wherever it is stockpiled, versus 

hauling material to a stationary crusher 

from several locations.

ALAN HITCHCOX | Editor

Mobile Hydraulics

After input material is dumped into a hopper, it travels through a grizzly feeder, crusher jaws, 

and to a conveyor, which carries crushed material out of machine.
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The crushing process begins when 

material is loaded into the machine’s 

vibrating grizzly feeder. The feeder is 

mounted on springs and vibrated by an 

eccentric drive located under-

neath the feeder pan, which 

protects it from misfed mate-

rial that may fall out of the 

feed hopper. The vibration 

causes pieces of material to 

impact each other to reduce 

their size and applies force 

that is angled to the feeder, 

directing material toward the 

feeder’s discharge end. This 

action also segregates the 

material, causing finer par-

ticles to fall downward.

As the material travels 

through the grizzly feeder, 

finer material settles to the 

bottom, falls through open-

ings onto a conveyor, and is 

transported past the crush-

ing chamber. Separating out 

the smaller pieces extends 

the life of the crushing chamber and 

boosts machine output by reducing the 

amount of material that passes through 

it. The bypassed material rejoins the 

main material flow exiting the discharge 

of the crushing chamber or is segregated 

as a separate and discarded. 

HYDRAULIC DESIGN

A big advantage to an all-hydraulic 

design (besides the convenience of 

mobility) is that a low-speed, high-

torque (LSHT) hydraulic motor driving 

the machine’s crushing jaws generates 

its maximum torque as soon as it starts. 

If debris gets wedged in the jaws of a 

mechanical machine, it usually must be 

stopped to clear the obstruction, then 

re-started. In contrast, the hydraulic 

motor can be instantly reversed to clear 

some jams then resume crushing with-

out having to clear out a full load.

A pair of variable-displacement, axi-

al-piston pumps supplies the propulsion 

A powerful low-speed, high-torque motor drives an 

eccentric weight (upper right) to cycle a sliding jaw that 

crushes concrete, stone, and other materials into pieces 

about the size of ice cubes.

http://hydraulicspneumatics.com
http://www.balluff.com
http://balluff.com
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Mobile Hydraulics

and crusher drives—but not simulta-

neously, because the machine does not 

travel and crush at the same time. The 

pumps are rated at 5,000 psi, as is the 

LSHT variable-displacement, axial-pis-

ton motor that powers the crusher. 

The motors power left and right track 

drives for moving the crusher around 

a job site. Once the machine reaches 

its destination, the operator shifts 

diverter valves to route hydraulic flow 

for crusher operations. This flow pow-

ers a hydraulics motor that rotates an 

eccentric weight to cycle a movable jaw 

toward and away from a stationary jaw 

in short, powerful spurts. The station-

ary jaw is positioned perpendicularly; 

the movable jaw forms an approximate 

45-deg. angle with it. Debris tends to 

move toward the apex of the angle, 

where the maximum crushing forces are 

developed.

A feeder plate feeder, powered by 

another variable-displacement hydrau-

lic motor, moves incoming debris 

into the jaws with a short, oscillating 

motion. The feeder strokes rapidly 

toward the jaws, then stops suddenly. 

Debris riding on the feeder slides off 

into the crusher, and the plate strokes 

slowly in reverse to pick up its next 

load. The speed-adjustable feeder 

shares flow with the motor for a dis-

charge conveyor.

At the operator’s station, electrical 

controls actuate valves that control each 

of the crusher’s functions. A single but-

ton will stop the crusher motor, feeder 

belt, and conveyor if necessary, while 

other functions have their own operator 

interfaces to facilitate efficient startup. 

An automatic control shuts down the 

crusher in the event of a malfunction to 

prevent accumulation of crushed mate-

rials. Low engine noise, sound-suppres-

sion materials, and the relatively quiet 

LSHT motor increase the level of opera-

tor comfort. 

SERIOUS HYDRAULICS FOR 

TRACTORS

WHEN HYDRAULIC SYSTEMS were first 

incorporated into general-purpose tractors, 

they must’ve been not much more than 

an afterthought. They provided pressur-

ized hydraulic fluid to run a variety of useful 

attachments, but they left a lot to be desired 

with respect to power, control and, espe-

cially, efficiency. Fortunately, today’s trac-

tors offer much greater hydraulic power, 

controllability, and load sensing, along with 

other features to improve efficiency.

Using a system of shuttle valves, the 

closed-center hydraulic system of a gen-

eral-purpose tractor can deliver the highest 

load pressure signal to the load-sensing 

control of a pressure- and flow-compen-

sated axial-piston pump. The load-sensing 

control of this tractor’s main pump main-

tains pressure more than 400 psi above 

load pressure until the pump goes off stroke 

at nearly 3,000 psi. 
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IN THE BEGINNING

The tractor’s hydraulic system uses a 

gerotor-type charge pump, driven by a live 

power shaft, to supply fluid through a spin-

on filter to a secondary elevated reservoir. 

This reservoir ensures that the main pump 

is not starved for fluid even when the tractor 

first starts. Any excess charge-pump fluid 

can be diverted to the tractor’s lubrication 

system. 

Two hitch cylinders are controlled by a 

solenoid-actuated, hydraulically piloted 

directional-control valve. The 3-position, 

6-way directional valve and cylinders are 

sized to deliver up to 10,000 lb of lifting 

force. Electronic sensors monitor hitch 

position and draft load, and this information 

is processed by the hitch control unit to 

regulate the hitch valve. A command lever 

can raise or lower the hitch, or it can be left 

in any position to maintain a given height. 

An up/down rocker switch lifts or lowers the 

hitch, and the command lever determines 

how far the hitch can be lowered. 

A remote switch on the tractor fender 

permits hitch operation from outside the 

cab. A rate-of-drop switch controls the 

drop speed of the hitch; and the raise-

height switch limits the extension of the 

hitch cylinder. The load/depth mix switch 

blends more or less draft sensing. When 

the directional valve is in its detented posi-

tion, draft sensing is locked out to give the 

operator more precise position control.

SELECTIVE CONTROL VALVES 

Manual 4-position, 10-way SCVs deliver 

pressurized fluid to implements connected 

to the quick-acting couplings mounted at 

the rear of the tractor. These SCVs have 

load-lift check valves in their extend and 

retract ports to provide low drift-down rates 

of implements. The SCV manual control 

levers are spring-loaded to neutral and 

have three detented positions: Hydrau-

lic detents keep the valve in its extend or 

retract positions, and a mechanical detent 

holds the valve in float. As hydraulic detent 

options, the operator can select:

• No detent—This eliminates operation 

of the hydraulic detent mechanisms. The 

lever always is spring-loaded to neutral so 

the operator can control and feather imple-

ment movement, which is useful for loader 

operations, for example

• Continuous detent—Using this option, 

the valve lever remains in the detent even 

though a cylinder fully retracts. This option 

is ideal for running hydraulic motors.

• Automatic kickout—Using this option, 

the valve lever returns to neutral when a 

cylinder stalls or peak pressure is sensed.

Hydraulic detents on extend and retract 

are handy because, upon tractor shut-

down, the SCV lever will spring-return to 

neutral for no-load restarting. 

Read the complete article (including 

graphics) on our website.

http://www.RYCO.com.au/jseal
http://hydraulicspneumatics.com
http://www.ryco.com.au
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T
he centralized hydrau-

lic system you needed 

was finally approved, 

installed, plumbed, 

and tested. The new system should 

provide a big boost to your plant’s 

productivity. It has state-of-the-

art load-sensing pumps which will 

save energy and provide more than 

enough power to run the produc-

tion line. Proportional valves with 

on-board electronics are mounted 

on the cylinders to control speed, 

acceleration, and positioning, and 

radial-piston motors with resolver 

feedback will provide powerful and 

precise control of conveyors.

The design of the centralized 

hydraulic system also includes a 

pressure filter to protect propor-

tional valves, return line filters to 

protect any contamination coming 

back from components, an offline 

filtration system for continuous fil-

tration and cooling of the oil, and 

last, a suction strainer with a 3-psi bypass to keep out large 

contaminants. The boss is excited because of the promised 

energy savings and production uptime resulting in more 

profit.

This is where most plant personnel wash their hands, relax, 

and set the cruise control, because they got this centralized 

hydraulic system running which will solve all their problems 

for the next 20 years. That sounds amazing…but the reality is 

this is only the beginning. 

Another step that’s just as critical, if not more so, is to devel-

op a maintenance strategy/program. This step is the back-

bone of energy savings and reliability. You cannot afford any 

downtime; otherwise, you’ll have to suffer the wrath of the 

plant manager for agreeing to spend the capital on this new 

hydraulic system. The question is, what does a maintenance 

program look like? 

MAPPING OUT A PLAN

Many plant personnel believe a maintenance strategy is 

to fix something when it breaks down and change the oil 

at specified intervals. This plan is reactive and preventive, 

which are lagging indicators of failures and provide us with 

no information about how the hydraulic system is running. 

If we move into the predictive and proactive realm, under-

Best Practices in Maintenance
STEVE MUSIL | Motion Industries 

ED DUDA | Des-Case Corp.

Protect your assets and extend component life. Preemptive 

Contamination 
Control

This hydraulic power unit is fitted with a desiccant filter breather to keep particle and moisture out 

of the reservoir. Doing so can be real money-saver, because some studies indicate that it costs 10 

times more to remove contaminants from a hydraulic system than to exclude them.
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MAINMAIN
manufacturing products, inc

Get MAIN’S NEW Catalog

HYDRAULIC FLANGES

MAIN MANUFACTURING

PRODUCTS, INC

An American Manufacturer

www.MAINmfg.com/hp

Phone:  800.521.7918

info@MAINmfg.com

Grand Blanc, MI   USA

MAIN’S ADVANTAGES

QUICK            --  Standard & Specials Stocked

INFORMED      --  On ISO & SAE committees

DEPENDABLE  --  58 years of service

MAIN MANUFACTURING

PRODUCTS, INC

SAE, JIS, DIN, Metric     Carbon, Stainless, A516, Cu-Ni     Flange Adapters     Specials

& COMPONENTS - NOW& COMPONENTS - NOW

www.tompkinsind.com  |  800-255-1008

TOMPKINS BIN LABELS

Your world is disorganized enough 

without having to fret over your 

inventory. So, to help keep it organized, 

Tompkins provides bin labels for all of our 

hydraulic adapters and fittings. They are easy 

to print, convenient to use, and help keep your 

inventory easy to locate. Visit tompkinsind.com 

today and start seeing a world with labels.

www.tompkinsind.com
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standing how failures occur becomes 
relevant, making the 20-year goal now 
attainable. 

The how  component is the f irst 
of three components of a holistic 
approach to extending equipment life. 
The second component builds on how 
failures occur and leads to a strategy 
around contamination control. The 
third component builds even more to 
develop a contamination control strat-
egy, which allows us to evaluate the 
progress and identify opportunities for 
improvement. 

Machines fail due to machine wear, 
which can be directly affected by a lack 
of contamination control. Contamina-
tion is a primary source for machine 
wear, with particle contamination 
accounting for up to 82% of surface 
degradation. Water ingression pro-
motes detrimental conditions such as 
oxidation, corrosion, and hydrolysis. 
The asset’s life substantially decreas-
es when significant levels of particles 
and water are present in the hydraulic 
fluid. The loss of opportunity at hand 
depends on the levels of contamina-
tion: the higher the contamination lev-
el, the shorter the life expected.

Many would agree that hydraulic sys-
tems can be temperamental. However, 
no matter how intricate a hydraulic sys-
tem is, common methods can evaluate 
how a machine is running and, ulti-
mately, how close the hydraulic system 
is to failure from contamination. Oil 
sampling, oil analysis, and membrane 
patch colorimetry (MPC, the “Patch 
Test”) are methods commonly used to 
detect fluid contamination and lubri-
cant degradation. 

A contamination control strategy is 
the heart of precision lubrication with-
in the maintenance of the centralized 
hydraulic system. It involves: 

Protect your assets and extend component life. 

http://www.tompkinsind.com
http://www.MAINmfg.com/hp
mailto:info@MAINmfg.com
http://www.tompkinsind.com
http://hydraulicspneumatics.com
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• Protecting against particle and 

water contamination by filter-

ing new oil 

• Storing oil in a climate-con-

trolled environment 

• Keeping dirt and moisture out 

of the hydraulic reservoir with 

desiccant breathers

• Delivering clean oil  to the 

centralized hydraulic system 

through return filters

• Installing an offline filtration 

circuit (kidney looping) in the 

reservoir 

• Installing a heat exchanger in 

the kidney loop, when neces-

sary, to keep the fluid within 

a specific temperature range 

because excessive heat can also 

degrade oil

• Monitoring the condition of 

the oil through oil sampling, 

and 

• Educating and training the workforce

DESICCANT BREATHER AS A TROUBLESHOOTING AID

Protecting the centralized hydraulic system is simple and 

cost-effective through desiccant breathers and oil filters. Des-

iccant breathers filter particles and adsorb moisture from 

incoming air to prevent both from coming entering the res-

ervoir. But desiccant breathers don’t just remove moisture 

only from air entering the reservoir. If moisture is present in 

the reservoir’s headspace (the air above the hydraulic fluid), 

the desiccant breather will adsorb the moisture and keep the 

reservoir dry. 

The desiccant changes color as it adsorbs more moisture. 

This feature actually serves as a troubleshooting tool, because 

if the desiccant breather repeatedly becomes saturated, either 

the ambient air is extremely humid, or water is getting into the 

hydraulic system somewhere. This means a desiccant breather 

can be used as a troubleshooting tool.

For example, consider two identical hydraulic systems—

one in Florida and one in Arizona, representing humid and 

arid environments, respectively. If the breather’s desiccant 

changes color from bottom to top, the more-humid environ-

ment exists outside the reservoir (Florida). This is because 

air moisture laden air entering the desiccant breather (from 

the bottom) becomes drier as it travels upward through the 

desiccant bed. 

Likewise, when the desiccant changes color from top to bot-

tom, the more-humid environment exists inside the reservoir 

(Arizona). Desiccant at the top of the breather (where air from 

the reservoir enters) adsorbs more moisture than desiccant at 

the bottom (closest to the dry atmosphere). This condition 

indicates that the more-humid air is inside the reservoir—evi-

Best Practices in Maintenance

EFFECT OF CONTAMINATION ON COMPONENT LIFE
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Particle count

Cleanliness levels according to ISO 4406 clearly indicate that the cleaner the fluid, the longer 

the life of hydraulic components and systems. The first number in each rating indicates the 

number of particles 4 µm and larger in a 1-cc sample of fluid. The second number represents 

the number of particles 6 µm larger than 6 µm, and the third number indicates the number of 

particles 14 µm and larger.
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FOR S.p.A. provides with full range of 

hydraulics tube fi ttings such as  

ORFS, JIC, DIN, BSP, NPT, JIS, FLANGES, 

PLUGS, CHECK VALVES, TEST POINTS. 

FOR SPA supplies both standard and customized parts. 

QUALITY - FLEXYBILITY - INNOVATION

dence of water in the hydraulic fluid. If the source of the water 

is not identified and corrected, problems with water contami-

nation will occur. 

DETERMINING FILTRATION NEEDS

Solid particles can do the most damage when they are near 

size to the clearances between the moving parts of hydraulic 

components. Extreme operating conditions—such as high 

operating pressures and temperatures—make the problem 

worse. 

When determining which type of 

filter to use in a hydraulic system, 

note that pore size and beta rating 

(ß) hold the greatest influence in a 

filter’s effectiveness. The beta rating 

measures the efficiency of the filter 

at a specified pore size. The higher 

the beta rating, the more efficient the 

filter is at capturing the specified pore 

size particles. For example, for the 

hydraulic system with proportional 

valves, the filter should have a pore 

size of 3-µm and a beta rating of 200 

(β3 ≥ 200). At this pore size and beta 

rating, each pass through the filter 

will remove 99.5% of all the particles 

sized 3-µm and larger. This value is 

calculated by:

E = (β–1)/ β = 200 –1/200 = 99.5%

Where E is efficiency, %

Although both breathers and filters 

work collectively for a good contami-

nation control strategy, breather filters 

may be more effective because it costs 

more to remove contaminants than to 

exclude them—according to some studies, 10 times more. A 

successful contamination control strategy should incorporate 

both methods. 

STEVE MUSIL is fluid power manager for Motion Industries’ 

Central Group. ED DUDA is technical consultant for Des-Case 

Corp., Goodlettsville, Tenn. For more information, visit Motion-

Industries.com, or watch a video on this subject at tinyurl.com/

yd87yble. 

http://www.forfittings.it
http://hydraulicspneumatics.com
http://motionindustries.com
http://motionindustries.com
http://tinyurl.com/yd87yble
http://tinyurl.com/yd87yble
http://www.ktr.com
mailto:sales@forfittings.it


Useful Products

High-Pressure Vane Motors       

M2-200 SERIES BALANCED vane motors offer speeds to 2,200 rpm at 

maximum pressure. These motors are not only compact and effcient, 

but have the ability to provide variable speed, variable horsepower, 

and constant torque. They also remain undamaged when installed 

under load (if they are protected by a relief valve). The design of the 

diametrically opposed inlet and outlet chambers removes bearing loads 

resulting from pressure. This type of bearing load is one of the leading 

causes of bearing damage. The motor simplifes piping because its end 

cover can be repositioned relative to the body housing.

FLUIDYNE FLUID POWER, (586) 296-7200, www.fuidynefp.com 

Expanded Range of ∆P Gauges        

1000 SERIES PISTON-  and diaphragm-type differential pressure gauges have been 

re-engineered and expanded. They are available in 2½-, 4½-, and, now, 6-in. dial sizes. 

They feature a rugged engineered plastic case and anodized aluminum and 316 

stainless steel wetted parts. A shatter-resistant acrylic lens is standard on 

all sizes and models. They are also available with single- and dual-

switch options, as well as a 4-20 mA transmitter option in a NEMA-4X 

IP65 plastic enclosure. A variety of mounting options, connections, 

and O-ring and diaphragm materials are available. Options include 

mounting holes, pipe mounting kits, reversed ports, and stainless steel 

tagging. Applications include back fow testing, heat exchangers, flter 

monitoring, fow indication, and level indication.

   NOSHOK INC., (440) 243-0888, www.noshok.com

Proportional Valve Portfolio with Enhanced Confgurability        

AXISPRO INDUSTRIAL VALVES are now available in two-stage D05 (NG10) and D07 

(NG16) sizes. They provide the same high performance and closed-loop control 

capability as the manufacturer’s single-stage AxisPro valves, but at greater fows. 

The AxisPro valve portfolio now accommodates fow rates to 375 lpm. The valves 

feature onboard motion control, sensors, diagnostics, communication, and come 

in three performance levels to suit a variety of applications. The manufacturer has 

also updated Pro-FX Confgure, the programming software for the valves. Featuring 

parameter-based tuning and a complete wizard-based setup, Pro-FX Confgure 2.0 lets 

users confgure and tune the valves by following a streamlined, step-by-step graphical 

workfow to reduce setup time and cost.

EATON CORP., HYDRAULICS GROUP, www.eaton.com

Lightweight Composite Air Cylinders      

KOVERTEC HD PLASTIC are 25-30% lighter than conventional cylinders of the same 

size and rating yet have the same envelope dimensions and mounting as company’s 

standard series. The fully repairable cylinders are made of corrosion-resistant, FDA-

approved food-grade materials and are available in six standard bores from ½ to 2 in. 

with strokes to 4 in. Metric versions come fve in standard bores from 8 to 40 mm and 

strokes to 100 mm. Options include hollow rod and magnetic piston with standard 

operating pressure to 150 psi.

COMPACT AUTOMATION PRODUCTS, (864) 647-9521, www.compactautomation.com
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High-Pressure Hose    

KURT TUFF HOSE is designed for rugged, high-pressure applications. 

It has 6,500 psi capacity and uses less installation space. Its unique 

design allows bending twice as tight as standard SAE hose with 

half the bend radius. Reinforced internally with two braided layers 

of high tensile steel wire, this hose retains fexibility and durability. 

Its oil- and abrasion-resistant outer cover offers 10 times the 

durability of standard hose covers. The hose is rated to 1 million 

impulse cycles and withstands temperatures from −40°F up to 250°F. 

Applications include off-highway vehicles, oil drilling equipment, 

trucks, construction equipment, large machinery, and most heavy-

duty hydraulic applications. Hose diameters available range from 

1/4 in. to 1 in. ID and utilize a full line of couplings interchangeable with other popular brands.

KURT HYDRAULICS, (866)-257-7995, www.kurthydraulics.com 

Thermoplastic Wrap for Hydraulic Hose    

KOVERTEC HD PLASTIC spiral wrap is extruded thick sections to protect 

hoses from abrasion and keep hose assemblies from becoming tangled 

during machine operation. The wrap is available in 12 sizes with inside 

diameters from 9 to 113 mm. Standard working temperatures range from 

−60 to 60° C (−76° to 140°F), with intermittent peak temperatures 90° C 

(194°F). Standard colors are black or yellow, with others available upon 

request.

SMART INDUSTRIAL DISTRIBUTION, www.smartindustrialdistribution.com
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ROBERT J. SHEAF, JR. | Contributing Technical Expert

Troubleshooting Challenge

AN AEROSPACE SUPPLIER was awarded a contract requiring 

it to press special alloy metals to different shapes. The orders 

were small lots, so automation was not practical. The company 

installed the molds and hand-loaded and unloaded the parts for 

each order. The press cylinder completed a cycle in 20 sec., and 

the machine was averaging about 60 parts/hr due to the time to 

manually load the multiple pieces to make the part and unload 

the finished assembly.

The press was custom-built by a fabrication shop that sub-

contracted a local hydraulic distributor to build the press’ hydrau-

lic power unit and supply the specified cylinder.

The press worked fine, except the oil would heat up to more 

than 175°F. The heat exchanger and water supply checked out 

as working fine and appeared to be sized properly. Any idea what 

caused the HPU to overheat?

FIND THE SOLUTION

Think you know the answer to this month’s problem? Submit 

your solution by emailing rjsheaf@cfc-solar.com. 

All correct answers submitted by December 10, 2018 will 

be entered into a random drawing for a $50 gift card. The winner 

will be notified, and his or her name will be printed in a future is-

sue. Only one gift card will be awarded to any participant within 

a calendar year.

SOLUTION TO LAST MONTH’S CHALLENGE:   

Press Platen Racking on Assembly Machine

WHEN THE MAINTENANCE  personnel  started to switch the bot-

tom cylinders during troubleshooting, the rod on the left-lower 

cylinder pulled completely out of the cylinder. It was broken in half 

about 1 in. from the piston.

Press Overheating 
Problem

0 to 3,500 psi

0.015-in. orifice Meter-in speed 
controls

4,300 psi

Pump set at 
4,000 psi

Water-cooled 
heat exchanger

25-gal reservoir
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Get more details on all 2018 opportunities at electronics.informa.com

SflflflflflflflflflflflflflflflflflflzflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflTflflflflflflfl

flflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflfl

flflflflflflflflflflflflflflzflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflfl

flflflflfififlflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflfififlflflflflflfiflflxflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflfl

Tflflflfiflflflfiflflflflflflflflflflfiflflflflflflflflfiflflflflflflflflflflflflflflflfiflflflflflflflflflflflflflflflflflflflfififlfifififlfiflflflflfiflflflflflflflflflflflflflflflfl

flflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflflfl

FUTURE 

MENUS
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† Bonus Distribution at Reliable Plant Conference & Show; April 16 – 18, Cleveland
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DECEMBER

• Cylinder Specifi cation Guide

• Hydraulic Pumps in Mobile Equipment

• Pneumatics in Factory Automation

• Advances in Electronic Control of Fluid Power

* Bonus distribution at Work truck Show; March 5 – 8, Indianapolis

JANUARY/FEBRUARY*

• Specifying Hydraulic Accumulators

• Pneumatics in Factory Automation

• Hydraulic Fittings, Flanges & Connectors

• Manufacturers Index

• Hannover Fair Preview

* Bonus distribution at Work truck Show; March 5 – 8, Indianapolis* Bonus distribution at Work truck Show; March 5 – 8, Indianapolis

MARCH 

• Filtration in Mobile Hydraulics

• Pneumatics Air Preparation (F-R-Ls)

• Sizing & Selecting Hydraulic Hose 

• Electrohydraulic Sensing & Control

http://electronics.informa.com



