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Technical Section

Slide Load & Life

The maximum load capacities for each size of DLS unit are given in the table below.

System Max Moment Load (Nm) Max Direct Load (N)
M Ms Mv L L2
DLS3...S 56 24 105 1600 3000
DLS3...L 120 24 225 1600 3000
DLS3C... 108 24 200 1600 3000
DLS4...S 165 70 280 3500 6000
DLS4...L 300 70 510 3500 6000

Figures are based on slide and carriage load capacities

Ms

To calculate the life of a DLS unit first the load factor Lr should be calculated using the equation below:

M Ms Mv Li L2

+ + + +
Mmax Msmax ~ MVmax Limax L2max

Lr =

The system life can then be calculated using the appropriate one of the following formulae:

DLS3 Life (km) = 70 DLS4 Life (km) = 250
e (km) (0.04 + 0.96L¢) e {km) (0.03 + 0.97L¢|

Note: In many cantilever axis applications, the Mv moment load will vary during the stroke. The accurate method to calculate the
life will be to integrate the load with respect to position, but due to the complexity of the calculation it may be simplest to base
calculations on a worst case basis (i.e. load at the end of the stroke). Please contact Hepco for detaiils.

Example Calculation

(Refer to DLS3 horizontal axis of application example on page 6 - “X-Z transfer unit”)

The unit is required to lift a basket of components weighing ékg. The cantilever axis is 600mm long and therefore weighs 6kg (see
page 22) and the weight of the GW3 gearbox with 56L motor is 4.7kg (see page 9). In this design the centre of mass of the basket
and cantilever axis sits 40mm offset to the centre of the carriage.

In this application both axes accelerate and move “slowly” so that we can ignore inertial forces.
The total mass on the main axis carriage is therefore 6 + 6 + 4.7 = 16.7kg, offset 40mm (= 0.04m) to the centre of the carriage
in the Ms direction.

L =167xg=16.7x9.81 = 164N Ms = 164 x 0.04 = 6.6 Nm
Entering these figures into the Lr equation above, we get Lr = 0.376. We can enter this figure into the life equation for the DLS3

as follows:
70 /(0.04 + 0.96 x 0.376)* = 1080km linear life.
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Technical Section

Calculation of System Deflection

In a DLS application, the deflection of the working part of the system will be determined by two contributions which should be
added together: There is the deflection of the carriage on the slide, and the bending of the beam to take into account. Where
long DLS axis spans a gap and is supported towards the ends only, then the beam bending is likely to be the dominant factor.
Where the system is short, the beam is supported very close to the point where deflection is important, and in cantilever axis
applications the beam deflection will be relatively small, and the carriage deflection term is likely to dominate.

Beam Deflection

The deflection of beam is accurately modelled by simple beam bending equations. The most common application is for a DLS axis
supported at two points along its length. The equation below relates to the bending of a DLS beam supported at 2 such points
separated by a distance L (mm), subjected to a load acting at the midpoint of the span. The deflection d (mm) due to the applied
load W (N) is measured adjacent to the point of loading. This is the worst case.

WE
d= Z8E

equation |

In the equation 1 above, E is the Young's
Modulus of the aluminium material of the beam
which is 68,000N/mm2 | is the moment of
inertia of the section, which can be found in the
table on page 22. The figure quoted for Iy.y
will give the correct deflection for beams
subject to vertical bending and ly.y will give the
correct deflection for beams subject to
horizontal bending - see diagrams left and
right:

Horizontal bending -
use ly.y

Vertical bending -
use Iy x

In many cases, particularly those with long
unsupported spans, the deflection of the beam under its own weight will be significant. In
the case of a beam of length L supported at its ends, the deflection at its centre due to its own weight will be as given in equation

2 below:

50 1Q .
d= 3528 * T000 equation 2

where Q is the mass of the beam and slide in kg/m, g = acceleration due to gravity (=9.81m/s?) and the other quantities are as
per equation 1 above.

The beam deflection of cantilever axes can be calculated by similar methods: If a load W is applied at the end of the axis, and
the distance from the point of load application to the centre line of the carriage is L, then the beam deflection at the load is given
by equation 3 below:
go we
3El

equation 3

The beam deflection at the end of this cantilever axis under the action of its own weight will be given by equation 4 below (note
that the meaning of symbols in equations 3 & 4 is the same as in equations 1 & 2):

: Qg
d= T8El X T000

equation 4

There are many other bending and torsion deflection modes which may be applicable to a DLS system, and if these are relevant
in a particular application, then an appropriate engineering text should be consulted. The data included herein will allow such
calculations to be completed.

Carriage Deflection

The deflection of a DLS carriage subject to any of the loading modes illustrated in the figure on page 20 is determined by dividing
the loads on the carriage by the appropriate stiffness from the following table:
The figures in the table below are for a typical system. Deflection may vary depending on the precise setup.

DLS L, Stiffness L, Stiffness Mg Stiffness My Stiffness M Stiffness
DLS3-S 14kN/mm 1.8kN/mm 8Nm/degree 40Nm/degree 300Nm/degree
DLS3-L 10kN/mm 1.8kN/mm 5Nm/degree ZOONm/degree 1500Nm/degree
DLS3C 12kN/mm 1.8kN/mm 5Nm/degree 200Nm/degree 1500Nm/degree
DLS4-S 20kN/mm 9kN/mm 200Nm/degree 400Nm/degree 800Nm/degree
DLS4-L 14kN/mm 9kN/mm 150Nm/degree 1300Nm/degree 3000Nm/degree
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Technical Section

Linear Drive Calculations

This page details the method for defermining the performance of a Hepco DLS when used with a customer’s own choice of motor
and gearbox. If you are specifying a standard Hepco supplied motor and gearbox, please see pages 15-16.

To defermine the system performance with your selected motor and gearbox, perform the calculation steps below, numbered from
1 to 6. If this choice does not produce the required level of performance, the selection of motor and gearbox should be changed

accordingly, and the calculations repeated.

This method calculates the maximum linear force generated by the DLS unit at the required speed, and compares it to the forces to
overcome friction, accelerate the moving parts, and also do work if required (for example in raising the load). It is necessary that
the motor torque safety factor is greater than 1, but the value will depend on the motor type and application.

The calculations below are appropriate for use in cases where the inertia of the motor and gearbox may be important in
determining the performance of the system, which will usually be the case with servo and stepper motor based systems. In
applications where the dynamic performance is less important (i.e. the rate of acceleration is not critical) it is acceptable to ignore
the motor and gearbox inertia, and just add more to the safety factor. This will be particularly relevant for some DC and induction

motors and geared units, for which motor and gearbox inertia figures are not readily available.

When specifying a motor and gearbox, the system should be rated for maximum acceleration at maximum speed. This is usually
the most arduous condition. Care should be taken to allow for a suitable duty cycle for the motor as many can only provide high
power for short periods.

Data Required for Calculations

DLS Performance Parameter DLS3 DLS3C DLS4
mass of carriage Mc (kg) - 2.45 -

long (kg) 1.65 - 2.75

short (kg) 1.15 - 2.0
mass of belt per m Mb (kg) 0.068 0.068 0.16
pulley radius r (cm) 2.15 2.15 3.18
drive efficiency nd 0.9 0.9 0.9
break away friction Fba (N) 25 25 40
coefficient of friction W 0.03 0.03 0.03
pulley moment of inertia (M.O.I.) Ip (kgcmz) 0.3 0.4 1.3
max linear force Friere (N) 560 560 1225
mass of end box (kg) 1.1 - 2.0
mass of beam and slide Mbs (kg/m) 7.0** 4.2 10.0
linear move per shaft rev (m) 0.135 0.135 0.2
beam Ix-x* (mm?) 750,000** 470,000 1,800,000
beam ly-y* (mm?) 1,300,000** 780,000 2,700,000
mass of DLS3C mounting plate Mp (kg) ® 0.2

* Used in deflection calculations - see page 21.
** Figures shown are for standard beam. For lightweight beam version use figures as per DLS3C.

Key for Linear Drive Calculations

Vy (m/s) required peak linear speed lm  (kgem?)  motor moment of inertia (M.O.1.)
A,, (m/s?)  required linear acceleration ly (kgem?)  gearbox M.O.l. seen from motor side
lg (N) applied load (= O for no gearbox)
L (m) beam/slide length Ng gearbox efficiency
M| (kg) applied mass Fro (N) total available linear force
Sy (rev/s)  motor speed Fe o (N) force to overcome friction
Ty (Nm) motor torque at speed Sw Fo (N) force to accelerate all moving parts
R, gearbox ratio (= 1 for no gearbox) Fow (N) force required to do work
S¢ motor torque safety factor
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Technical Section

Linear Drive Calculation for Standard Axis

In the following calculations, terminology & data used are taken from page 22.

1) Calculate the running speed of the motor - this then allows the motor torque at this speed to be read from the

manufacturer’s data.
Vi x Ry x 100

2nr

2) Calculate the total available linear force.

wandxnngrx]OO

Fy = <

3) Calculate the force required to accelerate the moving parts at the desired rate.

Fo=Ay {ML+M +2LMb+( Zp*Rrl m*' ) )}

4) Calculate the force required to overcome friction.
Fp = Fpg + 1 x Lg

5) Calculate the force required to do work (example equation is for the unit moving a mass M, plus the carriage up a
slope of angle © to the horizontal).

Fw = (M + M) x g x sin©

6) Calculate the motor torque safety factor. I this is greater than 1 the DLS should perform the required duty, but it is
recommended to have a higher value of Sf than this o provide a margin of safety.

S i
b= TR

Linear Drive Calculation for Cantilever Axis

The calculations for use with the cantilever axis are similar in approach to that for standard axes, but to allow for the system
differences, equation 3 must be changed as follows:

3) Calculate the force required to accelerate the moving parts at the desired rate:

[ +RA(I rn+I )
Fa = Ay YM+LUMp+M ) + M +

Depending on the application, the calculation of the force required to do work (equation 5) may also need to change, for instance
if the cantilever axis is required to move a mass M| plus the carriage up a slope of angle © to the horizontal, it is the weight of
the beam, slide, mounting plate and load which move, while the carriage and drive are stationary. The modified version of
equation 5 is as follows:

= (L x (Mg + Mp) +Mp + M) x g x sin®

With these modifications, the calculations will yield the true result.
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Ordering Details

Main Unit DLS 3 1885 S F K R L W
Prefix - DLS identifies the product range
Size - 3 indicates the small standard axis

4 indicates the large standard axis

3C indicates the cantilever axis

Beam Length - 1885 is the beam length (dim A on pages 8 & 11).
Any length to 8000mm is available.
Carriage Length - S indicates short

L indicates long
For DLS3C, leave this space blank
Drive Input Type - K indicates a keyed shaft
G indicates a fitted precision planetary gearbox* (but no motor)
W indicates a fitted AC geared motor or worm gearbox*
(as part ofa complete system)
F indicates a special gearbox/motor flange**
Drive Output Type - K indicates a keyed shaft
O indicates no shaft
Input Handing - R indicates drive input on the right hand of the drive box as seen from the drive end ——
L indicates drive input on the left hand of the drive box as seen from the drive end
(for fitted AC geared motor or worm gearbox on standard DLS, leave this space blank, —
as handing is covered by mounting configuration below. For DLS3C see page 11)
Lightweight Option - Add letter L to the end of the part number if a lightweight beam is required. This is
only available for the DLS3. Light beams are standard for DLS3C cantilever axes.
T Slot Windows - These are needed for heavy duty type T nuts to fit on the beams of DLS standard axes
(not required for DLS3C). Add letter W to the end of the part number if required.

* These options indicate that the gearbox or motor and gearbox will be included assembled onto the mechanical transmission. Details of the
gearbox and/or geared motor should be included separately, see below.
** This flange will be tailored to suit your gearbox or motor. Please include gearbox/motor shaft and flange details with your order.

Fitted Worm Gearbox or AC Geared Motor WG3R30T1M56L2BA1
Prefix - WG identifies a fitted worm gearbox
Size - 3 to suit a DLS3
4 to suit a DLS4
Reduction Ratio - R30 identifies 30:1 (see page 9 for available options)
Torque Limiter - T identifies that the torque limiter is fitted. Leave blank if not needed:
Gearbox Position -  Choose from 1 - 8 (see page 8 for options)
Input Option - F indicates IEC adapter flange (customer to advise motor details)
M indicates fitted AC motor
Frame Size - 56 is the frame size of motor or flange (see pages 15 & 16 for options)
Field Length* - S identifies short field winding
L identifies long field winding
Motor Poles* - 2 identifies 2 pole motor (~2800rpm @ 50Hz)
4 identifies 4 pole motor (~1400rpm @ 50Hz)
Brake Motor* - B indicates that a motor brake is fitted. Leave blank if not needed.
Terminal Box* - Orientation: choose from A - D (see page 8 for options)
Cable Exit Position* - Choose from 1 - 4 (see page 8 for options)
* These characters are left blank if no motor is fitted.
Fitted Precision Planetary Gearbox DLSGB 60 20 C
Prefix - DLSGRB identifies a fitted gearbox
Size - 60 to suit DLS3
80 to suit DLS4
Reduction Ratio - DLSGB 60 available in 4, 8 & 20 (:1)
DLSGB 80 available in 3, 8 & 16 (:1)
Input Flange - C indicates that the gearbox flange will be tailored to suit

the customer’s motor*

*In this case the gearbox input flange will be tailored to suit your motor. Please include motor shaft and flange details with your order.
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Ordering Details

Mechanical Ancillary Components Part Number
T Nut - Quick fit type can be inserted into a T slot and rotated through 90° to enagage. RTN8M6
Heavy duty type recommended for for arduous applications and on light beams. TN8M6

T Slot Cover -

Fixing Clamp -

Switch Bracket -

An extruded UPVC cover available in lengths up to 8000mm. One is TC8-1234
required per T slot. The last 4 digits relate to the length in mm.

Specify size 3 or 4 depending on the size of DLS unit, DFC 3 L
and S (short) or L (long).

Allows standard V3 pattern microswitches to be attached to the DLS. DSB8
These come with the T nut and screw required fo fix them to the DLS beam.

Switch Cam - Fixes to the DLS Carriage fo operate microswitches fixed with switch brackets DSC 3
Specify 3 or 4 or 3C depending on the size and type of unit. If this component is
ordered with the DLS, the unit will be supplied with suitable fixing holes.
Drive Shaft - Connects between the output shaft and the input shaft of two parallel DLS axes GX 2 - D4- L 900
(see page 12). GX1 and GX2 have torque capacities of 10 and 30Nm respectively.
The digit 3 or 4 following the D relates to the size of DLS units.
The L 900 dimension is the length of the shaft (see page 12).
Shaft Support - A pillow block type housed bearing to support the shaft where the DLS units STL 40
Bearing are widely spaced or fast moving. See page 12 for when to specify.
STL 30 suits GX1 shafts, 40 suits GX2 shafts.
Electrical Components Part Number

Speed Controller -
Model Series -
Supply Type -
Power Rating -
Control Mode -
Keypad Module -

Line Filter -

Infelligent speed controller to drive AC motors fitted to DLS 160 S-AA 02 NPS1 P1

160 indicates the Allen-Bradley Bulletin 160 range

S-AA for 200-240V 13, -AA for 200-240 32 & -AB for 380-460V 30

02 for 0.37kW (2A), 03 for 0.55kW (3A), 04 for 0.75kW (4.5A) & 08 for 1.5kW (8A)

NPS1 indicates the preset speed model, NSF1 indicates analogue signal follower model
P1 indicates that the unit is fitted with the programming keypad

All the above units are supplied with a separate line filter - see page 17.

Capacitor Module -  160S-CMAT suits 200-240V 1, 160-CMAT suits 200-240V 3 & 160-CMB1 suits 380-460V 30
The capacitor module is supplied as standard with 1.5kW 1€ 200-240V unit.

Dynamic Braking Module 160-BM A 1

Supply Type - A indicates 200-240V 1@ & 30, B indicates 380-460V 30

Power Rating -

Limit & Home -
Switch

1 suits inverter powers up to 0.75kW, 2 suits 1.5kW drives

Standard V3 pattern microswitch. The mechanical version DLS VZSWM has o DLS-V7SW M

roller actuator and is sealed to IP67. The inductive version DLS VZ7SWI is also
sealed to IP67. Both switches are supplied with flying leads.
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Precision Slide System Commercial Slide System Heavy Duty Slide System
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RTS HPS SL2
Ring Slides & Track System Powerslide-2 Guided Stainless Steel Based
Rodless Cylinder Slide System

DLS LoPro
Linear Transmission Aluminium Based
& Positioning System Slide System

Hepco products
are available in
25 countries
worldwide - please
request our
catalogue FPL or visit
our website at:
www.hepco.co.uk
for details.

Dual Vee
Single Edge Slide System

Hepco Slide Systems Ltd
Lower Moor Business Park, Tiverton Way
Tiverton, Devon, England EX16 6TG

Sales Dept
Tel: 01884 257000 Fax: 01884 243500
E-mail: hepco.sales@hepco.co.uk

CATALOGUE No. DLS 03 UK © 1998 Hepco Slide Systems Ltd.

Reproduction in whole or part without prior authorisation from Hepco is prohibited. Although every
effort has been made to ensure the accuracy of the information in this catalogue, Hepco cannot accept
liability for any omissions or errors. Hepco reserves the right to make alterations to the product
resulting from technical developments.

The Customer’s attention is drawn to the following clause in Hepco’s conditions of sale:

‘It shall be the Customer’s sole responsibility to ensure that goods supplied by Hepco will be suitable
or fit for any particular application or purpose of the Customer, whether or not such application or
purpose is known to Hepco. The Customer will be solely responsible for any errors in, or omissions
from, any specifications or information the Customer provides. Hepco will not be obliged to verify
whether any such specifications or information are correct or sufficient for any application or purpose.’
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