Line shafts

Talkin’_bout__ :

Precision line shafts
transmit torque
across longer dis-
tances while main-
taining mechanical
synchromzatlon
Here we review their

basics, as well as
speed considerations.

Newer line shafts can re-
duce design costs and eliminate
excess hardware — there’s no

need to align an intermediate
bearing.
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They’re lightweight  with
straightness and lateral stiff-
ness that boost stability
at higher speeds. Line shafts, also
known jackshafts and torque tubes,
span long distances to connect other

power transmission shafts. Conven-
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m f II tional designs require an intermedi-
ate bearing or a pillow block in the

drive system for supporting purpos-
es. In contrast, newer high-precision
line shafts run smoothly and can op-
erate without intermediate support
— even to 6 m. Line-shaft structure
is similar to that of precision cou-
plings: The main components are
hubs in various designs, and a metal
bellows or an elastomer insert, plus
an intermediate tube made of alumi-
num, steel, or carbon fiber,

First point: Minimize vibration
Let’s review some physics here:
If a body is deflected in one direc-
tion by an acting force (for example,
by an imbalance force at a high ro-
tational speed) the body will recoil
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and deflect in the opposite direction
as soon as the force is removed. This
deflection’s amplitude leads to flex-
ural body vibration, which settles
at a rate that depends on the body’s
specific spring constant — so settling
time is different in each case. How-
ever, if the excitation frequency peri-
odically corresponds with the natu-
ral resonant frequency, the vibration
will build instead — or more tech-
nically, will continuously increase in
amplitude. The speed that causes vi-
brations to build is sometimes called
the critical speed. Worst-case scenario,
increasing amplitude can cause the
line shaft to break — and any system
not resistant to vibration has such
resonant frequencies.

In the case of line shafts, vibration-

Don’t go there

Deflection amplitude A (. m)

inducing forces can be generated in
two different ways: by an imbalance
in attached rotating masses, or by the
fact that the intermediate tube itselfis
never absolutely straight, but always
deviates from its centerline slightly.
Total line shaft deflection, and thus
the difference between the ideal and
actual axis of rotation,
can be calculated by
adding these two de-
viations — more on
this in a moment.

Another  consid-
eration is maximum
operating speed.
Maximum  operat-

ing speed, defined
by manufacturers, is
normally about 60 to
80% of critical speed,
though line shafts
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Deflection amplitude for sub and super-critical
ranges depends on critical speed. In special cases,
line shafts can operate in the super-critical range,
provided that the entire system is highly dynamic.
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manufactured  with
very precise concen-
tricity can operate
quite safely at 80% of
critical speed. Keep-
ing below this guar-
antees that the line
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shaft is never operated within the
critical speed range.

Running the gantlet

What if a design requires a speed
higher than a certain line shaft’
critical speed? Is that particular line
shaft unusable in that application,
even if it’s appropriate in all other
ways? In special cases, and after con-
sulting the coupling manufacturer,
line shafts can be operated at more
than 20% above the critical speed, in
what’s called the super-critical range,
provided that the entire application
is highly dynamic.

In these situations, operating
speed should be reached within one
or two seconds at most. This short
period gives no prolonged opportu-
nity for excitation, and thus prevents
axial amplitude growth.

The line shaft should also be
very rigid. Operating a line shaft
at critical speed puts an additional
load on the intermediate tube and
the entire line shaft, so this addi-
tional load should be taken into ac-
count during design.

27




Line shafts

The one catch

Deflection prevents line shafts from rotating exactly on the ideal ro-
tational axis, and creates an additional centrifugal force that causes

stresses on the line shaft.

Design and selection

Determining critical speed is an
important calculation when selecting
line shafts. At this rotational speed,
vibration continuously builds be-
cause of two things: deflection from
specific weight £, and deflection re-
sulting from the fact that the tube
is never absolutqu straight — f. To
calculate total line shaft deflection
£, these two factors are added:

f;n =f}:' +fR

Total deflection prevents the line
shaft from rotating exactly on the
ideal axis of rotation. This creates
an additional centrifugal force that
stresses the line shaft.

An explicit calculation of critical
speed that takes all influencing fac-
tors into account, is very sophisticat-
ed and complicated. So here, we give
a very rough formula. The critical
speed (n,,) for axes and shafts, tak-
ing the bearing into account, is cal-
culated:

n,, =~ k-946- {?1-

Where k = Bearing correction
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factor

Rotationally borne axes or shafts
thatare not clamped (which are most
common) have a non-adjusting cor-
rection factor of k = 1; in compari-
son, fixed axes clamped at the ends
or with rotating discs, wheels, and
similar components on them are
calculated with a correction factor
of k = 1.3. For line shafts, the cor-
rection factor k = 1 is normally used.
As explained, the maximum deflec-
tion of the shaft is determined by
two criteria. The second criterion,
tube straightness, can be actively
improved by using special ball bear-
ing sets and test devices. But deflec-
tion caused by the specific weight
is a constant value that cannot be
changed: It depends on wall thick-
ness, line shaft length, the elasticity
modulus of the intermediate tube
material, and other factors:

S.g,1
fomatel
384-E-1
g, = Intermediate tube’s specific

weight

E = Material’s elasticity modulus

I = Area moment of inertia with
cylindrical hollow bodies

/ = Intermediate tube length, mm

As with the last formula, this only
yields rough results. For precise data
on critical speed and the correspond-
ing total deflection in a specific appli-
cation, coupling manufacturers often

Line shafts with metal bellows or
elastomer inserts transmit torques
from 10 to 4,000 Nm.

have special calculation programs to
simulate operations.

The role of rigidity

Torsional rigidity is also a factor.
The torsion angle of the tube when
subjected to a certain torque load is
important in machine tools or posi-
tion drives, for example, where load
must be positioned precisely. The
general formula for torsion angle is:

00 = [ —da

Where G and 1 are constant.

¢ =Torsion angle

T =Torque

G = Shear modulus

1 ="Torsional moment of inertia

The integral is solved by replac-
ing the variable x with the length of
the tube /:

i
e I

The formula for calculating the
torsion angle can be simplified, be-
cause the torsional rigidity conforms
to a natural law: The torsional rigid-
ity is the result of the quotient of
the shear modulus multiplied by the
torsional moment of inertia and the
length of the intermediate tube:

Gy
G~ ‘
Hie ook
Where (. = Torsional rigidity,
Nm/rad

To obtain a line shaft’s work out,
total torsion angle must be calculat-
ed. This includes the torsion angle of
the intermediate tube, as well as the
torsion angles of individual elasto-
mer inserts or metal bellows uses.

Torsionally rigid line shafts
The structure of torsionally rigid
line shafts is similar to that of metal
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Rigid versions

A fixed clearance prevents maxi-
mum admissible compensation
angle from being exceeded.

bellows couplings: They have high
torsional rigidity, low restoring
forces, and compensate for misalign-
ment. Hubs and stainless steel metal
bellows are used to span the distance
between the driving and the driven
shaft. In between is a precision alu-
minum, steel, or (for shafts that run
at a very high rotational speed) car-
bon fiber tubing. Torsionally rigid
line shafts handle torques ranging
form 10 to 4,000 Nm and bore di-
ameters ranging from 5 to 100 mm.
Line shafts are made of aluminum,
steel, or stainless steel. They can be
anodized, oxidized, or chromium or
nickel plated.

Gimbals. The special internal
gimbals of these line shafts make it
possible to span a distance between
the driving and the driven shaft of
up to 6 m without an intermediate
bearing. These gimbals hold the

Mounts with disassembly

Metal hub

Stainless bellows

weight of the intermediate tube,
so there is no additional radial load
placed on the bellows. A fixed clear-
ance prevents the maximum admis-
sible compensation angle from be-
ing exceeded. Gimbals also provide
additional safety, so if the worst
occurs, and the axis is operated at
critical speed, and vibration of the
shaft builds, they prevent the inter-
mediate tube from coming loose in
an uncontrolled manner. The line
shaft, obstructed, would come to
rest without damaging surrounding
components.

Disassembling units. There are
two types of torsionally rigid line
shafts. The first type, disassembling
units, come apart and are suitable
for being mounted wherever there is
limited space and the line shaft can-
not be inserted in its full length —
for example, if a protective cover is
located above the shaft. Therefore,
the line shaft is separated into three
parts before mounting: Flage screws
are loosened, the two coupling ends
are clamped onto the driving and
driven shafts, and the intermediate
tube is then reinserted.

Solid units. The second type is
mounted without disassembly. They
allow a more common lateral instal-
lation with split hubs that connect

Flange connection

Intermediate tube is

precision metal or carbon fiber.

This torsionally rigid line shaft is disassembled for installation.
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the driving and driven ends. Here,
each hub consists of two compo-
nents. The main body is brought
over the two shafts to be connected,
and then the split-hub pieces clamp
back onto the line shaft.

Vibration damping line shafts

Units with elastomer inserts called
vibration damping line shafts, can com-
pensate for vibration and torque
impacts, transmit torques of more
than 2,200 Nm, and can be mounted
to shafts with bore diameters to 80
mm.

Their hubs are split and can be
completely removed in a lateral di-
rection. After the line shaft has been
installed, it is fixed by the other half
of the hub. The mounting process
is quick and easy, as with split-hub
metal bellows couplings. Too, shaft
distances of more than 4 m can be
spanned without an intermediate
bearing.

Adjustable units

Machine and plant layouts are be-
coming increasingly diverse. Adjust-
able-length line shafts are one option
rising to the challenge here, able to
compensate for changes in length of
more than 1,500 mm. They transmit
torques to 800 Nm. To change total
length, two screws on the clamp-
ing hub on the intermediate tube
are loosened; then the line shaft can
telescope to the required length. The
frictional connection required to
transmit torque is re-established by
retightening the two screws; mount-
ing and dismounting takes only a few
minutes.

For more imformation on flexures and
how misalignment, shaft finish, clanp-
ing force, and vibration affect line shaft

selection, call (888) 479-8728 or visit

FIO-AIericd.com.



Companion Component: Shafting

Grid couplings

G-Flex grid couplings are based on the
Bibby Transmissions design to protect
against shaft misalignment and vibra-
tion.

U-joint couplings
Block-and-pin  universal
joints handle misalign-
ment to 35° and boost
safety by accommodating
gross overloads.

Features & benefits
* Movable shaft enables

G

freedom of movement for load or drive along shaft

* Handle movement from drive or driven members

* Motion of an inch or more in axial direction can be accommodated

* 0.D.s from % to 4 in., with torque ratings for alloy steel units from 140 to
131,000 Ib-in.

* Available in corrosion-resistant grades of stainless steel, naval brass,
and monel

Curtis Universal
(800) 466-2144
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Features & benefits www.curtisuniversal.com

* Shot-peened spring creates protec-
tive surface layer that resists fatigue
and stress corrosion, increasing
strength and working life of grid

* Interchangeable with industry-stan-
dard grid couplings

* 1000T10 model features horizontal
split cover for limited space applica-
tions

* 1000T20 features vertical split for
higher running speeds

TB Wood's Inc.,

an Altra Industrial Motion Co.
(888) 829-6637

www.thwoods.com

Steel shafting
Case-hardened precision shafting made with custom magnetic frequency gen-
erator has precise dimensions and high strength.

Features & benefits

* Rapid heating and cooling quench technique hardens surface to a selected
depth while retaining malleable soft core

» Outer layer provides abrasion resis-
tance

* Diameters from % to 3 in., including 8
metric sizes and lengths to 15 ft

» Standard vyield strength of outer
case is 252,000 psi; 340,000 psi tensile
strength

Lee Linear
(800) 221-0811
www.linearmotion.com
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Linear shafts
Standard lengths in more than 450 straight shaft types feature consistent hardened depth.

Features & henefits

* Metric shafts are available in 52100 chrome-plated bearing steel and 440C stainless-steel
materials

* Inch shafts are available in 1060 steel and 440C stainless-steel materials

* 3 to 50-mm diameters; 10 to 1500-mm lengths, configurable in 0.1-mm increments

* Various tool and stainless steels, some with low-temp black chrome plating

* More hardening and surface treatments available; dozens of configurable end styles

Misumi USA Inc.
(800) 681-7475
WWW.misumiusa.com
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