In hydraulically cortrolled and
actuated machines, the loca-
tions of some components are
contralled by the structure of
the machine and usually cannot
be altered, Other components,
however, can and should be
placed where they are sasy 1o
connect, readily accessible and
conveniant 1o Service.

A system designer should
endeavor to eliminate as many
fluid conductors as possible by
using manifolds to interconnect
componants. Howaver, in most
casas, axtérnal piping must be
used. The astute designer will
try 1o achieve two objectives:
minimize potential leakage
points and make maintenance
as simple and easy as possible.

When designing the basic
machine, the engineer should
ahlways remember 1o;

& Provide adequate space 1o
routs hosa and ubing

= Coordinate hydraulic system
planning and design with other
systems on the machine; fe.
alectrical, fuel, lube, torgue con-
vartar, ale.

Parallel routing

Vihenewer possible, hydraulic
lines on @ machine should be
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Routing hose
and tubing

Here is a 10-point guideline for routing hose
and tubing for maximum service life and safety
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run parallel within the maching
envelope and fallow its contours.
Smooth, parallel routing can be
accomplished with a well
planned layout and proper
clamping. Te help keep lines
parallel, study port positions on
components. Careful pre-
planning of the location of valves,
filters, heat exchangers and
reservoir will also help achieve
these objectives.

Parallel routing can often
save money by:
* Reducing line lengths and the
number of adapters used
« Minimizing the number of
sharp bends
* Making the machine more
sarviceable
# Pratecting lines from extarnal
dlamage

Components should be spaced
far enough apart 1o provide
enough room for proper installa-
tion of adapters and fittings on
connecting hoses and/or tubing.
Porting

For mosi effective leakage
control, SAE straight thread, O-
Ring sealed ports are recom-
mended for lines through &-
inch and SAE 4-bolt split flange
ports for lines 1-inch and larger.

Awvaid use of pipe threads in
Fydraulic systems. While the
pipe thread form is one of the
most effective wedges ever
invented, it should be wsed for
conmecting water systems and
other fow and sometimas
Fediuim pressura circuits,

Pipe threads were not de-
signed for high pressura hydrau-
lic applications. Most hydraulic
valves used in high pressure
systems ara high precision
components machined t© such
close tolerances that lands on
spocls must be ground optically.
Every maintanance technician
knows that the wedging action
of pipa threads often generates
urmwanted and potentially dan-
gerous stresses which distort
and damage hydraulic com-
ponenis.

When connecting systems
which include componants with
pipe thread ports, the service-
man should install adapters in
the port and connect them to
SAE 37-degree flared fittings or
SAE O-Ring face seal DRS*
fittings. The adapter can be used
as a saparable fitting in the
permanent installation, eliminat-
ing the need for disconnecting
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the pipe thread end,

The major reasons for uging
flanged fittings on lines 1-inch
and larger are sccessibility and
comvenience during production
and maintenance.

For example, the swivel nut
on 8 1¥-inch hose or tube fitting
has a hex which measures 24
inches across the flats, Lack of
space often makes it difficult, if
not impossible, to swing such a
large wrench te tighten or
Iposen & connection.

By contrast, a8 1%e-inch SAE
flanged fitting is bolted with four
Y-inch cap screws, for which
sockets and socket-wrench
extensions are commonly
available,

Flanged fittings equipped with
elbows offer a major advantage
ovar élbow adapters connected
1o pipe thread ports. A flanged
glbow fitting can be installed,
arignted in the proper direction,
then tightened, Often, an elbow
pip thrasd adapter is not tight
egnough when in the desired
dirgction, yét oo tight if turned
another 360 degrees. The axtra
turncan crack 4 casting or caussa
a valve spool to bind.

It is good practice to turn
albow pipe thread adapters in
B80-degres increments and ad-
just the piping to fit If other
positions are used to pasition an
adapter, communicating this
information to production and
maintenance people may not
only be difficult, but downright
dangerous. We have seen
installations whera piping was
forced to mate with an adapter
which was positioned incor-
ractly. The results wara unfor-
turiata: kinkad tubing. hose bent
at radii much smaller than
racommended and ultimate
failure,

Hose and tubing

The system designer must
first determine whether hose
andsor tubing is best for a
particular application. Desig-
ners should think of hose and
tublng nat as separate entities,
but as companion imems: sach
affers specific bencfits. For
example, tubing can:
* Be bent 1o smaller radii than
hose and installed in tighter
SpECES
* Ba routed through areas of
higher ambiant haat

* Handle hotter fluids than can
hose

* Provide superior heat transfer
characteristics

Onthe other hand, tubing can
be flattensd or damaged when
struck, wheresas hosa is resilient
and mare apt 1o absorb a blow
and return to s original shape.
Tubing may fatigue when con-
neécted to high frequency
vibrating components; hosewill
absarb tha wibration.

Where lines are long, tubing
may réquird a series of intricate,
close-tolerance bends which
may complicate installation and
ultimately create service
problems. The flexing proper-
ties of hose, on the other hand,
allew it to follow desgired
contours and make hose in-
stallation easier. Hose can
absorb some high transient-
pressure shocks, providing maore
uniform flow patterns as well as
smooth and quieter aperation.
Where hydraulic rigidity is
raguired, hose is nol recom-
manded because of its tendency
to act as an accumulator,

GOOD DESIGNS FOSTER
GOOD MAINTENANCE

Hera are 10rules af thumb far
correctly routing and properly
installing fluid conveying com-
penents. This guideline should
be most useful during maching
prototyping. After all “bugs”™
hawve been removed, normal pro-
duction procedures should be
followed.

1. Start with large lines Be-
cause they are the hardest to
band and maneuver, especially
intight spacas, install the largest
IO lines first and the toughest
part of the job is done,

Smaller lines provide more
routing wersatility and can be
miore easily “worked' ' in tight
spaces. Each line should be
routed to Conserve maximum
space. This not only results in 2
neater looking installation, but
makes future modifications or
additions of accessories easier,
more convenient and mare
etonomical.

2. Correct hose length The
appearance and efficient
operation of a system often
diepends on using proper length
hoses, Excessive hosa footape
increases pressure drops and

gystem cost. Hose assemblies
are commanly manufactured to
specified lengths as well as
increments of lengths. This
practice helps minimize the size
of inventery which must be
carried. When computing hose
length, remeamber that hose can
shoren up to about 4% when
pressurized.

3, Hose flexing Always re-
mémibar that a hose asgsembly is
designed to flex or bend, not
wist. It has been shown that if a
large diameter, high pressure
hose 15 twisted 7 degrees, s
serviee life can be reduced by as
much as S0%|

High pressura hose must be
routed to flex in anly ane plane.
If plumbing requires that hose
be routed through a compound
band, the hose should ba
"broken'” into two or more
sections so eachwill flex through
only one plane, Although a
spring guard will keep hose from
bending beyond the minimum
bend radius at the fitting, it will
aat preavent the hose from
twisting.

4. Pivot points When hose
must flex, be sure to route it
throuwgh the pivet point around
which the component s maoving,
Frgure 1. This will result in the
best and maost efficient flaxing
of the hosea ling, use the least
amount of hose and keep the
hoge within the contour of the
machine.

Fig. I.in fexing applications. the hose assembly should
L rotdedt Ui 1 pivel fowal droid wehwof Bhe companant

iz maving



Fip 2. Fastooning consists of siteching fose 1o o steel
cable in henging loeps. Az ong pelnt moves sway from
the atber, the foops open 1o straighlen the hose &3
neaded

Ta achieve this, the hose
should be positioned to bend
like a2 hinge. Otherwise, the
hose may have a tendéncy to
take an S-bend which is most
likely 1o happenwhen the hose s
pushiedrather thanbent. An S-bend

*Cordurs it 8 Dufent Iradermark.

Fig. 3. Swivel joines used on the ends of hose assemblies will liminate twisting and

installation results in excesgive
hose movemant and reduced ser-
viee life.

When piping a flaxibla ling
through a pivoet point, consider
the relative positioning of the
two end fittings to avoid an S-
bend, Follow this procedura:
= Swing the moving compongnt
ta its farthest point where the
hose will exparience its widest
bend,
= |f the fittings are placed in
parallel planes at this point, the
hose will tend to flex in a hinge-
like manner when the compo-
nent is swung back to the
opposite end of its travel.

&. Reciprocating motion In ad-
dition to flexing, the ands of the
hose may have to réeciprocate.
There are several design
methods:

& Hage roals—For use with high
pressure hydraulic hose, thesa
reels are equipped with high
pressure swival joints and a
spring return to help rewind the
hogse,

® Faztoaning—Hose is hung in
loops from a steal cable, Figure
2 &g one point of the loop moves
aweay from the othar, the loops
apentoform almost astraight line.

= Rolling—Hose is arrangad in
an unbalanced U-shape, one leg
baing stationary ard longer than
the sacend, which s free o
reciprocate parallel 1o the first,
Hinged racks carry the hose,
6. Rotary motion Swivel or
rotary joints are commaonly used
1o provide rotating motion.
Where rotary movement 15 a
continuous 360 degrees, use a
rotary joint; if, however, move-
rment 15 reversing, 8 swivel joing
would be the better choloe,
When usedwith hogse, aswivel
joint will avoid hose twisting or
bending at the fitting, Figure 3.
7. Controlling oil spray Where
hydraulic lines must be routed
near hiot, patentially hazardous
areas, protection against fire
must be used to prevent oil from
# broken line fram spraying onto
any potential seurce of ignition,
Here are Some ways 10 8ccom-
phish this:
# Houtethe linethrough a tunnel
made from steelubing, channel
o ﬂl‘iglﬂ: 1F O,
¢ [nstall @ sheel metal baffle
betwean the lines and potential
ignition source.
s Routethalines through alarge,
open-ended hose or slesve =0

Banding af e ftfingr. The ahotoe of left shows
A iAETANENEA with iteed ITEings and at right is the £ame saplicatron with swiel foints. Noties the restnass provided oy 8 Cordura™
drerrrotling dlaave



Fig. d. The lough outer cover of 8 hose sssembly will
sbrade & exposed (o continwows rabbing in the feme
£pod. Fo avard Bhis proddem, rocte ana ofémp ro kasn hose
clear from interfering objecls.

Fig. & The choics of ghaarhing snd clamping bundles of
Foge aasemmbies st be gudied carefully. Hose shouwld
B rapted 1o provide proper clamping. yef 8w for Meximg
wilhaft Sresurried

the odl will flow out of the ends
ir cage af ne failure,

® Uzg fire sleaves that aither fin
over the hose or are built into
the hose covear.

* To guard against a failed hose
that might whip and spray
hydraulic oil owér an ignition
gource, anchor the hose to the
component towhich it is hydrau-
lically connected.

8. Minimum bend radii SAE
specifications and fitting manu-
facturers’ catalogs list the
minimum bend radii for various
size hose, The figures usually
raefer 1o the minimum bend
radius ai maximum operating
prassure for 2 static line, When
g line iz flexed, the minimom
radiug increases in relation to
the number of degrees through
which the hoese line flexes. The
designer should plan to in-
crease the menimum bénd radius
when the hose is flexing, by
applying an W factor to the
normal, recommended bend
radius.

For example, the minimum
band redius for -12 high
prassure hosa is BY inches
(measured from the inside bend
of the hose} at 3000 psi. If the
hose ling flexes through 140
degrees, the N factor is 1.4
Multiplying 9.5 by 1.4 gives a
new bend radius of 13.3 inches
forthis =12 hase at a pressure of
000 psi.

8. Avoid abrasion Most hydrau-
lic hoge is built with 2 1ough
outer cover to protect the hose
reinforcement from abrasion
andsor moisiure damage.
Constant abrasion at one point

will eventually puncture the
outer cover and weaken the
rainforcement. For this reason,
route and ¢lamp the hose so it
will mot abrade, Figure 4, oruse
a protective cover.

Choose from a wvariety of
protective covarings:
& Coiled springs
* Coiled strap steel
* Spiraled plastic
* Nylon sleeves

10. Clamping A piping install-
ation s not complete until it has
been properly clamped, Clamp
cholce isvery important; often it
can be gritical, Figure & Com-
man sheet metal clamps will not
hold alarge, high pressure hose.

Good clamps can be inex-
pansive, yet highly effective for
high pressure surge lines.
Anticipate and plan for a pos-
sible length change ranging
from +2 to -4% for high pressure
lines. Proper routing and clamp-
img should be planned to avoid
areas of vibration. Newver clamp
hose on a bend.

Good routing avoids crossed
lines. Whera unavoidable, clamp
the two crossing lines together
at the junction point. Howewvear,
MEVER clamp together high and
lowe pressura hoses which run
parallel. Thedifferential inrespec-
tive length changes is likely to
result in a seesaw action which
will damage the hoses,

Properly sized clamps should
grip hgse in &8 positive manner.
To keep the clamp from abrad-
ing the hose, the 1D of the clamp
should be about Yy-inch smaller
than the OD of the hese. [
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