
H
ydraulic system

s play an increasingly critical
role in m

anufacturing today. S
ystem

s that are
engineered and fabricated correctly enable the
m

anufacturing process to increase both quality and
reliability of the products produced. T

hese increase
productivity and m

ake it profitable and efficient to
operate in a “Just In Tim

e” m
ode. J.I.T. is only possible

w
hen every part of the entire system

 is w
orking

properly. To be assured of this capability requires that
your system

 be designed so that the dam
aging m

etallic
debris that destroyed system

s in the past is not present
in your new

 one.

M
odern hydraulic system

s operate at greater
pressure and have precision and accuracy w

hich w
ere

not available in system
s even 10 years ago. To achieve

this, today’s valves and pum
ps are m

anufactured w
ith

closer tolerances-w
hich m

ake the com
ponents m

ore
susceptible to dam

age from
 debris in the system

. T
his

fact has caused standard w
riting bodies (such as A

.S
.

T.M
, S

.A
.E

., and I.S
.O

.) to address specifically the
issue of com

ponent and system
 cleanliness in order

to stem
 the otherw

ise inevitable rise of catastrophic
system

 failures.

T
he S

tandards they have developed, w
hen

follow
ed, produce a system

 w
hich truly utilized the

full potential of today’s com
ponents.

 SER
IES 81 pipes and fitting are

cleaned w
ith strict adherence to these S

tandards. T
heir

quality assures that you get the m
ost from

 your
hydraulic system

 w
ithout problem

s such as hydrogen
em

brittlem
ent, intergranular corrosion, and gross

contam
ination. T

he results of w
hat occur on the I.D

.
of the pipe can best be seen w

hen com
paring F

igure
1 vs F

igure 2.

M
any of the topics discussed in this brochure are

supplem
ented by 

 Tech S
heets

w
hich provide additional technical inform

ation. Y
ou

w
ill find that the tech sheets include useful engineering

and fabrication inform
ation that w

ill enable you to
specify clearly w

hatever your hydraulic system
 requires

on prints and specifications. 
 is

com
m

itted to offering you the best hydraulic pipe and
fittings, as w

ell as the technical inform
ation, necessary

to realize the full potential of your system
.
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In the past, piston pum

ps and servo valves w
ere

protected by using high quality filters to guard them
against the contam

ination that w
as present in the

system
s. T

he com
m

on belief w
as that unusually close

tolerances m
ade these com

ponents susceptible to
contam

ination failure. N
ow

, as you can see in F
igure

3, m
ost hydraulic com

ponents have sim
ilarly close

tolerances--yet the cost of installing filters to protect
each one w

ould be ridiculously expensive.

T
he proliferation of these expensive and sensitive

com
ponents in today’s system

s poses new
 challenges.

S
ervo valves and piston pum

ps dem
and that the

lubrication be ultra-clean. F
ailure to give them

 w
hat

they need results in im
m

ediate, expensive failures.
H

ow
ever, if you exam

ine F
igure 3 you w

ill note that
the com

ponents generally not associated w
ith ultra-

cleanliness have dem
anding tolerances also. T

he m
ain

difference betw
een the tw

o classes of com
ponents is

that the second group generally w
ill continue to w

ork
for a w

hile if subjected to excessive contam
ination.

A
lthough they m

ay continue to w
ork, they are suffering

degradation failure w
hich w

ill not show
 up

im
m

ediately. Instead, they slow
ly lose efficiency and

generate contam
ination in the system

. T
he particles

then continue dow
nstream

 dam
aging additional

com
ponents. A

s this process continues, the level of
contam

ination rises further w
ith each com

ponent
adding m

ore debris. A
 chain reaction of debris has

now
 started. Its logical conclusion w

ill be system
failure.

A
s w

ill be explained in the section on corrosion,
flushing, and filtration, it is im

possible to clean the
system

’s pipe to these close tolerances after the fact.
Y

ou m
ust engineer and build them

 w
ith these tolerances

in m
ind. B

y specifying 
 SER

IES 81
on your prints, specifications, and purchase orders,
you w

ill receive the piping your system
 requires.
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In the past, there w

as generally no m
ention of

any specific w
elding procedures on prints or purchase

orders. T
his w

as largely due to the fact that w
hen

pickled pipe w
as w

elded—
it w

as a foregone conclusion
that the w

eld joint area w
ould form

 a layer of scale.
U

sing 
 SER

IES 81 com
ponents and

w
elding procedures can elim

inate this problem
.

O
ur w

elding procedures are not only designed to
prevent the form

ation of scale on the I.D
. of the pipe

but to enhance the general cleanliness of the system
.

It is im
portant that the w

elding procedures be called
out in the note section of the prints.

F
igure 1 com

pared w
ith F

igure 2 show
s the

dram
atic reduction in w

eld scale that can be realized
by specifying that the latest advances be used in your
system

. B
y not building contam

ination into your
system

, you can expect a quicker and m
ore thorough

flush.
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A
ll hydraulic system

s need to be flushed to
rem

ove incidental fabrication debris prior to operation.
It is im

portant to recognize the lim
itations that exist

w
hen using a lubricant to attem

pt to rem
ove such

debris. T
his w

ill help avoid catastrophic failure
associated w

ith it being left in the system
.

T
here are tw

o types of debris that w
ill dam

age
system

s. T
he first is incidental fabrication debris. B

y
designing the system

 so that all portions of the system
achieve the  desired flow

 rate, the fabrication debris
w

ill be rapidly flushed aw
ay.

T
he second type of debris is caused by corrosion.

T
he use of black or pickled pipe and fittings in the

construction of the system
 is the source of this

contam
ination. A

s w
ill be explained in the next section,

if you build corrosion into your system
, no am

ount of
flushing w

ill rem
ove the debris. A

s the m
etal in your

pipe and com
ponents continue to degrade, debris w

ill
be entering your system

 to foul filters and dam
age

sensitive valves.

R
ecognizing the true lim

itations that ordinary
flushing suffers provides insight into w

hy m
any

system
s that use pickled pipe fail, even after extensive

flushing. A
voiding electrochem

ically bonded corrosion
in your system

 is a basic requirem
ent. W

ith our
adherence to standards that are w

ritten by and for the
hydraulic industry, a satisfactory flush and a properly
operating system

 is yours as easily as specifying
 SER

IES 81.
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In less than a thousandth of a second, oxygen com
bines

w
ith iron to form

 corrosion. C
orrosion is an

electrochem
ical process w

hich cannot be reversed or
rem

oved by flushing. T
he m

etallic debris that results
w

ill degrade the system
 and require continuous

expensive replacem
ents and repairs. T

hese expenditures
w

ill be an ongoing problem
 until the pipe and fitting

are replaced w
ith the correct ones.

T
he heat from

 w
elding causes scale to form

 on
the I.D

. of pickled pipe. F
igure 1 is an exam

ple of the
scale rem

oved from
 just one such w

eld joint. U
sing

the procedures specified in the Tech S
heets w

ith
 SER

IES 81 pipe, you can m
ake

clean w
elds like that of F

igure 2 becom
e a reality.

T
he second type of corrosion is the m

ost com
m

on
and dangerous--red rust. Y

ou can not avoid having
this type w

hen using pickled pipe. It is not alw
ays

visible to the unaided eye—
but it is alw

ays present.
R

ust is caused by the failure to follow
 acceptable

cleaning procedures w
hen using corrosives on m

etal.
C

ontrary to popular belief, heavy oil does not prevent
the form

ation of red rust. O
nce steel has been dam

aged
by corrosives the oil m

erely suppresses its visible
form

ation. U
pon system

 start-up, the dam
aged steel

is subjected to dissolved oxygen in the lubrication.
T

he com
bination of oxygen w

ith the intergranular
corrosion caused by pickling, produces galvanic
corrosion. T

his results in increasing quantities of m
etal

debris entering into the lubricating oil stream
.

M
etallic debris from

 corrosion is the leading
cause of hydraulic com

ponent failure. O
ver tim

e, it
w

ill dam
age or destroy all com

ponents in any system
w

here it is present. To avoid this costly killer you
m

ust use the correct pipe and fittings-those that m
eet

the needs of your system
—

 SERIES
81.

F
igure 1

F
igure 2

S
cale (A

ctual S
ize) rem

oved from
 w

eld
Joint of 1/2” schedule 80 pickled pipe

S
cale (A

ctual S
ize) rem

oved from
 w

eld joint
of 1/2” schedule 80 R
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F
itting need to be as clean as the pipe and

com
ponents that they connect. F

ailure to deliver this
quality w

ill com
prom

ise the system
. T

he use of
uncleaned fitting in the typical system

 w
ill introduce

tens of m
illions of destructive particles greater than

5 m
icrons.

T
he off the shelf socket w

eld, butt w
eld, and

threaded fitting sold by steel supply com
panies are

unacceptable for hydraulic use. T
hey are coated w

ith
paint and m

ill scale and frequently contain m
achining

debris that poses grave risks to the system
.

In the past, the use of the uncleaned fitting did
not pose a risk greater than the inevitable scale that
w

ould form
 w

hen the fitting w
ere w

elded. B
ut today,

w
ith scale-free w

elding
possible, there is no
justification for leaving know

n
sources of debris in the system

.
U

sing 
SER

IES 81 pipe and fitting can
elim

inate the costly problem
s

that plagued yesterday’s
system

s.

F
ILT

E
R

S
S

electing a good filter is
no longer a m

atter of choosing
one that has the appropriate
m

icron rating. Today, the
tolerances in the system
dem

and that the selection
criteria include considerations
that w

ere not involved in
m

aking earlier choices. To
realize the full potential of your
system

, the contam
ination level

of the oil m
ust not exceed the

lim
its of the m

ost dem
anding

com
ponent in the system

.

T
he correct filter w

ill com
plem

ent the other
engineered aspects of contam

ination control; i.e.
correct pipe, fittings, and m

iscellaneous sources of
particles. It is not possible for a filter to protect the
system

 w
hen there are uncontrolled sources of

contam
ination entering it. T

he reasons for taking a
system

 approach to controlling contam
ination is tw

o
fold, T

he first is that all filters allow
 a percentage of

particles greater than their rated size to escape. T
he

second is that no m
atter how

 good the filter is, it can
be overw

helm
ed if the quantity of particles entering

the filter exceeds its ability to m
aintain the correct

dow
nstream

 cleanliness level.

T
he particle count that escapes a filter is expressed

as a B
eta R

atio. T
his B

eta R
atio equals the particles

challenging the filter divided by the num
ber that escape

that are larger than the filter’s rated size. If sufficient
particles challenge the filter, it w

ill be im
possible for

the oil dow
nstream

 to m
eet the needs of the m

ost
dem

anding com
ponent in the system

. T
he com

ponents
that are subjected to levels of contam

ination that
exceed their rating w

ill start a chain reaction of
additional debris being generated. A

s the particles
enter the system

, the rate of particle generation w
ill

accelerate until the system
 fails.
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C
om

panies that m
aster the ability to operate in

a “Just In T
im

e” m
ode w

ill profit from
 the efficiency

that only a properly engineered hydraulic system
 can

offer. A
s such system

s are
integrated into the
m

anufacturing process, they
provide trem

endous
opportunities to im

prove
quality, low

er costs, and
quicken turn around tim

e on
orders. T

he success of this
integration, and ultim

ately the
com

pany, depends on the
engineering decisions and
fabrication procedures that are
specified for your system

. W
ith

over 90%
 of the w

etted surface
of your system

 com
posed of

pipe and fittings—
the decisions

that are m
ade today on the

selection of the piping w
ill have

an im
pact on the profitability

of your com
pany for years to

com
e. M

ake the right choice
for your pipe and fittings;
alw

ays use 
SER

IES 81.
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Journal B
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H
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G
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ase

0.5-5
Pum

p, Vane
Vane Sides

5-13
Vane Tip

0.5-1
Pum

p, Piston
Piston to Bore

5-40
Valve Plate to C

ylinder
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