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1 IN GENERAL
1.1 Performance and application

The torque motors of the series ROL are designed as built-in water-cooled motors intended for
applications in low-speed direct drives with high torques.

In connection with supply frequency converters the torque motors of the series ROL are suitable for
direct drives of rotary or swinging axes, e.g.:

- of machine tool turntables,

- of machine tool spindles,

- of robot swinging axes,

- in the lift technology,

- of rotary axis of radars and aerial systems, etc.

The built-in torque motors of the series ROL are water-cooled synchronous motors with a high
number of poles on the inner rotor with the hollow shaft. They are excited by rare-earth permanent
magnets.

The series of ROL motors consists of 8 type sizes (8 outside diameters) in 5 axial lengths. With
regard to the required range of the operating speed each motor can be delivered with different
variants of the working winding. The survey of standard variants of the winding for both types of
cooling is in Appendixes No. 12 and 13.

Note: The type size ROL 880 is in the design stage, it has not yet been put into the series production.
The torque motors of the series ROL are characterized by:

- high specific torque,

- wide range of the types,

- low moment of inertia of the rotor,

- high overload capacity.

1.2 Safety instructions

All works related to the installation or maintenance of ROL motors can be carried out only by qualified
workers who must be trained for the work and must be acquainted with the installation, assembly,
putting into operation and operation of the motors.

The instructions given in this Technical Instruction must be observed on all accounts to prevent an
accident hazard or a damage of the motor.

The motors can be repaired only by the producer or in the authorized repair shop.

Unauthorized dismantling and handling of the motor can result in injury of persons and damage of the
motor.

The motors are not designed for direct connection to the three-phase mains, they must be operated
with static frequency converters.

Warning!
Direct connection to the three-phase mains can destroy the motor.
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1.3 Operating conditions

The motors are intended for being used in mild climate regions and for the location in outside
environment with industrial atmosphere, ie.:

a) ambient temperature —25 °C to +40 °C

b) altitude above sea level up to 1000 m'

c) relative humidity of air up to 50 % at +45 °C, up to 90 % at +20°C

d) ambient air without excessive quantities of dust, acids, corrosive substances or gases.

2 DESCRIPTION OF THE PRODUCT

The torque motors of the series ROL are designed as built-in water-cooled synchronous motors
excited by rare-earth permanent magnets located on the rotor.

Both the rotor and the stator are equipped with double-sided centring surfaces (flanges) with tapped
holes enabling the installation into the driven equipment. The design of the motor can be seen in the
drawing enclosed as Appendix No. 9.

The motor consists of the following design units:
- stator,
- rotor,

- assembling and transporting fixture.

Stator of the motor

The stator of the motor consists of the welded stainless steel frame, or, in the type size ROL 180, of
the frame made alternatively of aluminium alloy. The wound stator stack is pressed into the frame.
The magnetic circuit of the motors consists of laminations of the grade M400-50A. In the slots of the
stator stack there is located the three-phase star-connected working winding. In the end windings
there are temperature sensors according to the specification of the customer (see the type key). The
ends of the winding and of temperature sensors are brought out by shielded cables.

Rotor of the motor

The rotor of the motor consists of the steel ring made of steel of the grade 11353 or 11523, on which
there are glued rare-earth permanent magnets of the type Nd-Fe-B.

To prevent the magnets from loosening or damage, the rotor is provided with Res-i-glas bandage.

Assembling and transporting fixture

The fixture can be seen in the drawing in Appendix No. 10. It is made of non-magnetic material and
serves for concentric clamping of the rotor with magnetized magnets inside the stator during the
transport of complete torque motor to the customer. It makes the assembly of the rotor at the

! For altitudes above sea level more than 1000 m the motor torque must be reduced by 0,5 % for every 100 m
of the altitude above sea level.
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customer's place easier, especially with larger type sizes where radial magnetic forces acting
between rotor and stator achieve considerable values.

Rating plate

The producer will provide the torque motors with the rating plate that is placed on the surface of the
assembling and transporting fixture. The rating plate data are given in Appendix No. 11.

The second identical rating plate, that will be placed on the working machine by the customer after
the motor is installed, is also a part of the delivery.

3 DRIVES WITH TORQUE MOTORS

The torque motors of the series ROL are designed for being supplied from frequency converters with
the DC intermediate circuit voltage up to 560 V DC.

The control accuracy of the drives with torque motors is influenced by mechanical stiffness of the
system (frame, bearings, location of the sensor), by the type of the frequency converter being used
and by the type of the sensor of rotor position of the motor.

Sensor of speed and position

The sensor serves for the measurement of speed and position of the rotor for the speed and position
control.

The sensor is not a part of the delivery of the motor producer!

Bearings

The torque motors of the series ROL are delivered as built-in motors for direct drives of rotary or
swinging axes. The bearings, in addition to the speed and position of the rotor, are necessary for
making the complete drive unit.

The choice of bearings depends on the following factors:
- geometrical requirements,
- maximum operating speed,
- load of the driven axis (intensity and direction of load),

- stiffness.

Warning!

To prevent the generation of dangerous bearing currents, one side of the mounting must be
electrically non-conducting, e.g. by using electrically insulated bearings.

The bearings are not a part of delivery of the motor producer!
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4 TECHNICAL PARAMETERS

Basic parameters of torque motors of the series ROL

The definitions of basic parameters of torque motors of the series ROL, given in catalogue sheets of
individual torque motors, are in Appendix No. 2.

Basic parameters of torque motors are in Appendix No. 3.

Rated speed and rated voltage constants of the motors for individual types of the motors are defined
by the type of the winding being used according to the customer's specification (in accordance with
catalogue sheets).

Standard variants of the winding for individual types of torque motors are in Appendixes No. 12 and
13.

Supply of the motors

The torque motors are supplied from static converters with the rated voltage in DC intermediate
circuit up to

UDC =560V

Rated voltage on the motor terminals is U, = 3 x 350 V (fundamental harmonic).

Degree of protection of the motors

The motors are designed in the degree of protection IP00 according to CSN EN 60034-5
(corresponds to EN 60034-5).

Cooling of the motors

The torque motors are water cooled, i.e. type of cooling ICW37 according to CSN EN 60034-6
(corresponds to EN 60034-6).

Type of construction of the motors

The motors are designed as built-in ones, i.e. type of construction IM 5320 according to CSN EN
60034-7 (corresponds to EN 60034-7).

Phase sequence

The motors supplied with the phase sequence U, V, W must be turning to the right, when looking
from the side of the cable outlets, i.e. anticlockwise.

Insulation resistances

Insulation resistances of the stator winding and of thermal protections against the frame and one to
another, measured in the cold condition, must be higher than 50 MQ.
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Electric strength

The torque motors must withstand the applied AC voltage 2000 V, 50 Hz against the frame for the
duration of 1 min and and the voltage gradient 1300 V/us without the damage of the winding and of
the thermal protections.

No disruptive breakdown or flashover on insulating parts must occur during the test.

Temperature rise of the motors

Insulation system of the torque motors is made in insulation class H according to CSN EN 60034-1
(corresponds to EN 60034-1); it means that at the load by rated torque according to Appendix No. 3
and at the rated speed given in the catalogue sheets for individual types of the motors with the
cooling according to clause 9 the temperature rise of the winding must not exceed 105 K.

Voltage constant

Voltage constant measured in the cold condition of the motors, i.e. at the ambient temperature 20°C,
must comply with the values given in the catalogue sheets for individual types of the motors. The
admissible tolerance of voltage constants is -10 %, + 5 %.

Reluctance torque (cogging torque)

The maximum value of the reluctance torque during one revolution of the motor in dependence on
the size of the motor and the number of poles is in the range of 0,8 % — 4 % of the maximum torque.

Mounting and outline dimensions

The mounting and outline dimensions of the motors are given in the dimensioned sketch in Appendix
No. 5 and in the tables in Appendix No. 6.
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5 SCOPE OF DELIVERY

If it is not given otherwise in the order, the following items are the subject of the delivery:
- torque motor specified according to the type key (see Appendix No. 1),
- assembling and transporting fixture (see Appendix No.10),
- two rating plates (see Appendix No.11),
- routine test report of the motor,
- service instructions for the motor,

- rubber seal O-rings (2 pcs). They are delivered only in the design version with water cooling
without the cooling jacket.

The motor being delivered is fixed to the EURO-pallet.

6 TRANSPORT AND STORAGE

The torque motors of the series ROL are dispatched from the producer' factory in faultless state with
the routine test record with the satisfying result being enclosed. After the motor is delivered, visual
examination is recommended to be carried out to find out its possible damage. If any damage which
occurred during the transportation is found, a complaint report must be made in the presence of the
representatives of the forwarding agent. If it is not necessary, damaged machines should not be put
into operation.

The motors with assembling and transporting fixtures will be fixed to EURO-pallets, always one motor
to one EURO-pallet, and wrapped in welded foil.

The motors can be transported by any means of transport under the following conditions:
- they must be placed in covered area on the vehicle or must be protected by tarpaulin,

- they must be placed and fixed in the way preventing their movement and bumping into each
other.

The motors must be stored only in closed, dry, dust-free, properly ventilated rooms without vibrations,
where the storage temperature does not fall below +5 °C.

The producer of the motor does not assume any responsibility for damages caused by incorrect
motor handling.
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7 PUTTING INTO OPERATION
7.1 General safety provision

During the assembly of the stator and rotor of built-in torque motors of the series ROL it is necessary
to take into consideration strong magnetic field and high axial and radial magnetic forces acting
between both parts due to the influence of permanent magnets on the rotor.

Therefore it is necessary to comply with the following instructions:

- assembly, putting into operation and maintenance can be carried out only by qualified and
trained workers,

- wristwatch must not be used during the assembily,
- protective gloves must be worn during the assembly and maintenance of the motor,

- assembly works must not be carried out by persons with a pacemaker.

7.2 Assembly of the motor

The torque motors of the series ROL are delivered on a regular basis with one assembling and
transporting fixture (bridge) being fixed at the side of the cable outlets (the motor is mounted by
means of the flanges at the free side).

If the motor is to be mounted on the flange at the side of the cable outlets, it must be given in the
order because of the fixing of the assembling and transporting fixture at the reverse side.

The assembly of built-in torque motors is carried out as follows:
- check of insulation resistances of the working winding and of the thermal protections,
- check of mounting dimensions of the motor,

- cleaning of bearing mounting surfaces of the stator and the rotor on the torque motor and on
the working machine,

- putting both rubber seal O-rings into appropriate grooves on the motor frame,

- putting the stator with the rotor into the working machine (the motor should be put by the free
flange side into the prepared bore in the working machine; the seal O-rings must not be
damaged during this operation) and their fixing by means of specified screws,

- dismantling of the assembling and transporting fixture,

- check of the fixing by means of specified screws according to the specified torque values,
- check of smooth rotation of the rotor,

- connection of inlet and outlet of cooling water,

- connection of the supply cable and of the cable for thermal sensors.

The assembly of the stator and the rotor of the torque motor must be carried out according to the
following instructions:

- only new (unused) fixing screws must be used,

- maximum admissible screw length of the fixing screws in the stator and the rotor must be
observed,
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minimum screw length in the flange of the stator frame 1,0*d must be observed, where d is
the rated diameter of the screw (e.g. in the screw M10d = 10 mm ),

minimum screw length in the steel flange of the rotor yoke 1,0*d must be observed,

to secure the screws, the clamping length as long as possible must be chosen (clamping ratio
Is/d > 5, where |5 is the clamping length of the screw),

oiled screws that must be tightened by specified tightening torque by means of the calibrated
torque wrench must be used for the fixing,

if the clamping ratio Is/d > 5 cannot be observed, the screws must be secured e.g. by
LOCTITE,

for fixing the torque motor to the driven machine the screws of the strength class 8.8,
tightened by the recommended torque given below, must be used.

Note!

The assembling and transporting fixture must be preserved for the case of a possible repair of
the motor or its dismantling from the working machine.

In the place where the motor is installed the environmental conditions specified in 1.3 of this
instruction must be complied with.

The motors must be cooled by water of the quality according to 9.3 of this instruction.

Recommended tightening torque values

Size of the fixing screws M6 M8 M10

Value of the tightening torque 8 Nm 20 Nm 40 Nm

8 ELECTRICAL CONNECTION
8.1 Connection of the motor

The working winding of torque motors is in the three-phase star connection without the brought-out
neutral point.

8.2 OQutlet cables

If not given otherwise in the order, the motors of the series ROL are delivered as follows:

a)

b)

With outlet shielded cables SIEMENS 6FX 2008 of the length 2 m that are not terminated by
connectors. The number and cross-section of outlet power cables depend on the motor
current and are given in Appendix No. 4. The outlet cables are in the parallel connection. The
reason of distribution into a higher number of parallel cables consists in securing an
adequate flexibility.

With the outlet six-core cable intended for bringing out thermal protections of the motor. The
standard length of this cable is also 2 m.




TNA 783a
VUES : Sheet: 11 of 13
Torque motors of the series ROL Modification: 0

Copy No.:

Designation of the supply cable ends

No. / colour 1 2 3 yellow/green
Function Phase U | Phase V |Phase W Frame / Earth

o~ ™o

Phase sequence of the motor

When looking at the stator of the motor from the side of the cable outlets and at the rotation of the
rotor in the given sense, i.e. anticlockwise, the phase sequence is a direct one, i.e. the sequence of
amplitudes of individual phase voltages is U, V, W.

Outside diameters of supply cables

Outside diameters of the supply cable depend on the type of the winding being used (i.e. on the
motor current value) and are given in the table in Appendix No. 4.

Outside diameter of the outlet cable of thermal sensors is approx. 7 mm.

8.3 Thermal protections

For the protection against thermal overload the torque motors can be provided with the following
thermal protections or their combinations:

- Thermal switch
- PTC
- KTY 84

If not given otherwise in the order, the torque motors of the ROL series are delivered, as a standard,
with the thermal protection by means of thermal switches located in each phase of the stator winding
and connected in series.
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9 COOLING OF THE MOTOR

9.1 General information
Power losses generated mainly in the stator winding are removed from the motor by the coolant.

The series of ROL motors is designed primarily as a series of water cooled motors. The cooling water
flows through the ducts made by grooves on external surface of the motor frames. The cooling duct
in built-in motors being delivered without the external jacket is closed after the built-in stator is
pressed into the custom-built frame of the working machine. The losses generated in the rotor can be
practically neglected. The magnets are virtually heated only by heat convection across the air gap.
That is why the rotor has no extra cooling. To guarantee the torque values given in the catalogue it is
necessary to take care that the temperature of the incoming cooling water does not exceed 25 °C.

In the operation of the motor without water cooling (cooling IC00) the rated torque of the motor must
be reduced in dependence on the value of the removed losses. The rated torque reduction depends
considerably on the size of additional cooling areas and is approximately 40 % of the values given in
the catalogue. The maximum torque being necessary for acceleration of the inertia masses does not
have to be reduced.

Warning!

In the operation without water cooling it must be taken into consideration that the temperature on the
frame surface of the stator and in the rotor can be, depending on the load, as high as 130 °C, which
can result in thermoelastic deformation of the working machine structure.

9.2 Connection of the cooling circuit

The inlet and outlet of the coolant in built-in torque motors requires the driven axis to be provided with
two tapped holes for screwing the sockets for the connection of supply and outlet pipes or hose. The
dimensions of the holes, their location and spacing are given in Appendix No. 8 for individual type
sizes.

9.3 Coolant requirements

To prevent the cooling circuit from clogging, the motor must be cooled by treated water without
mechanical impurities. The admissible size of the particles of impurities after filtration can be
maximally 100 um. The recommended water hardness is 0,7 mmol/l. If necessary, water softeners
must be used. The recommended cooling water acidity is between 6,5 pH and 7,5 pH, without
chemically aggressive substances, the inlet water temperature is +5 °C to +25 °C. The cooling water
quantity and the pressure drop in the cooling duct of the motor are given, in dependence on the
motor size, in the enclosed tables of basic technical parameters (see Appendix No. 3).
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Appendix No. 12 Standard variants of the winding of torque motors
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Typekey for torque motors

Outside diameter
of the stator stack

1
2
3 -
4
5

TNA 783a
Appendix No.la

R OL 1 80 2 2|5 Bl - 00
Mechanical design
1 - Frame with ducts without jacket
Designation of the series 2 - Frame with ducts with jacket
3 - Smooth frame with no ducts
4 - Special
Thermal protection
1 - Thermal switch
180, 300, 420, 530, 660, 770, 880, 1000 mm 2-KTY 84
3-PTC
4 - Other
Number of poles of the rotor
2p =22, 44, 66, 88, 110, 132, 154, 176 Motor cooling
A - Cooling by air IC00
W - Water cooling ICW
Code of the stator stack length
50 mm Torque constant of the motor
75 mm Letter code X A B C D E M F G H
100 mm ke | Nm/Ay | <45 45 8,5 15 25 30 37 45 50 60
125 mm Letter code K I J L N P R S Q T
150 mm ky | Nm/A; | 70 90 100 | 120 | 150 | 200 | 250 | 300 | 400 | 500

Ing.Daniel

Datum : 9.10. 2007
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Definitions of basic parameters of ROL motors

Peak torque Mmax [Nm]

Maximal utilizable motor torque at zero speed, rated temperature rise of the motor and
maximal effective current l,a« which is available only for acceleration and deceleration of
inertial masses.

Limiting torque Mjim [Nm]

Peak torque developed by the motor at zero speed, rated temperature rise of the motor and
limiting current l;,. This torque lies close before the demagnetization boundary and it must not
be either exceeded or used in the design of the drive.

Permanent torque M;sow [Nm] at the winding temperature 130 °C

Permanent loading torque of the motor at the speed approaching to zero and rated current
l130w- The motor is cooled by water with the maximal temperature at the motor inlet 20 °C.
Note: The catalogue values of the torque are given for the speed corresponding to the
frequency of the supply voltage approx. 5 Hz.

Permanent torque M;30s [NM] at the winding temperature 130 °C

Permanent loading torque of the motor at the speed approaching to zero and rated current
l130a- The motor is cooled by air — natural convection.

Note: The catalogue values of the torque are given for the speed corresponding to the
frequency of the supply voltage approx. 5 Hz.

Permanent stall torque Mgi3ow (Mi30a) [NM

The motor in idle condition is supplied by DC current. For this reason the torque values have
to be reduced by the coefficient V2. 1n frequent operation in idle condition, or at a very low
speed it must be taken into consideration that loading of individual phases can be very
different and the winding temperature of individual phases can differ very much.

Maximal power 0SS AP max [W]
Maximal power loss in the motor winding at the winding temperature 20 °C, necessary for
developing the peak torque Mpax.

Permanent power loss AP;30w [W]
Continuously admissible power loss in the motor at the winding temperature 130 °C
corresponding to the torque Misqw at water cooling ICW.

Permanent power 10Ss AP330a [W]
Continuously admissible power loss in the motor at the winding temperature 130 °C
corresponding to the torque Mi3ga at cooling by air ICOO.

Constant of the motor Km [Nm /_\/V—V]

Constant of the motor indicates the motor ability to convert the supplied electrical energy to the
torque. This constant is used for the determination of the energy consumption for developing a
certain torque.

M

Ky o mex

AP

max
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Electrical time constant Te [ms]
It gives the time necessary for the current in the stator winding of the motor to reach 63, 2 % of
the steady-state value at the step change of the supply voltage.

L
Te= —2_ [s:H, Q]

20
2 f

where Ly — inductance of the winding between any two terminals
R,*° — ohmic winding resistance between any two terminals at the ambient
temperature 20 °C

Mechanical time constant Tm [s]

This constant characterizes the start-up of the motor at the unit step change of the terminal
voltage at the ambient temperature 20 °C. It gives the time within which the rotor of the motor
at no-load condition accelerates to the speed of 63,2 % of the final steady-state speed.

The winding inductance and the no-load losses are neglected.

R, 2.
:% [s; Q, kgm?, V/rad s™, Nm/A]
2k Pk,

Tm

where R ; 2~ ohmic winding resistance between any two terminals at the ambient
temperature 20 °C
J - moment of inertia of the rotor
k.* - voltage constant at 20 °C (= Elszolm )

e

kT20 - torque constant at 20 °C

Thermal resistance Rin 130w [K/W]
This value is a criterion for the temperature rise of the stator winding of the motor at the water
cooling ICW with regard to the ambient temperature

A1

130w

Rih 130w = [KIW; K, W]

where A$jl - temperature rise of the stator winding with regard to the ambient temperature
AP130w — losses in the motor at Myzow

Thermal resistance Rin 130a [K/W]
This value is a criterion for the temperature rise of the stator winding of the motor at cooling by
air IC00 with regard to the ambient temperature

AG1

130A

Rih 1308 = [KIW; K, W]

where A$jl - temperature rise of the stator winding with regard to the ambient temperature
AP130p — lOsses in the motor at My3oa

Thermal time constant Tiw_[S]
This constant characterizes the temperature rise of the stator winding at the water cooling and
at the sudden increase of losses during the temperature rise.
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It gives the time within which the temperature rise of the motor winding reaches 63,2 % of the
steady-state value.

TthW =m.cC. Rthw

Thermal time constant Tia [S]

This constant characterizes the temperature rise of the stator winding at the cooling by air and
at the sudden increase of losses during the temperature rise.

It gives the time within which the temperature rise of the motor winding reaches 63,2 % of the
steady-state value.

TthA =m.cC. RthA

Number of poles 2p
Number of magnetic poles of the rotor formed by permanent magnets.

Mass of the motor mme [ka]

The given mass of the motor includes the motor frame with wound stator stack and the rotor
ring with permanent magnets.

The mass of the motor designed with water cooling, being delivered with the external jacket,
includes also the mass of this jacket.

Moment of inertia of the rotor J,, [kam?]
It gives the total moment of inertia of the rotor ring with permanent magnets.

Rotor mass myq [kd]
The given mass of the rotor includes the rotor ring with the magnets being glued and the
bandage.

Static friction torque Mg [Nm]

Ideal torque at the zero speed of the no-load characteristic (characteristic determined by the
torque from mechanical losses and hysteresis component of the iron losses).

Note: In the built-in motors of the ROL series mechanical losses are not considered. The static
friction torque Mg is a measure of hysteresis losses in the magnetic circuit of the stator in this
case.

A
Mo _
[Nm] L
l kD.n
Mo
' -
0 Ny n [rpm]
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Damping constant ky [Nm*min*10]

It is a measure of the eddy-current losses in the magnetic circuit of the motor. The constant is
determined from measurement at no-load for the rated speed. It determines the tangent of the
no-load point and of the point for Mg of the idealized course of the no-load torque-speed
characteristic (see Fig. 1). The measurement is carried out in the generator operation in the
hot condition.

Cogging torque (typical value) Mcoq [NM]

A typical value of the cogging torque is given; cogging torque is developed by interaction of
permanent magnets of the rotor and of the stator stack at the rated air gap. The rotor tries to
assume such a position in the stator bore that corresponds to the maximal permeance.

Maximal recommended speed Nmax [rpm]

The maximal recommended speed is limited by the iron losses of the magnetic circuit of the
motor stator at higher frequencies. At the given recommended speed the frequency of the
supply voltage reaches 110 Hz. At the customer's requirement the motors can be operated
also at the maximal operating speed that is up to three times of the maximal recommended
speed. With regard to the iron losses increasing at the higher speed the given catalogue
values of the loading torque must be reduced.

Temperature rise of the cooling water ASw [K]
Usually it is chosen in the range between 5 K and 10 K.

Quantity of cooling water Qw _[l/min]
The required quantity of cooling water is determined from the chosen temperature rise of water
ASw and permanent permissible losses AP130w according to the following formula:

AP * 60
= —BW _____ /min; W, -, K
Q= 86 Aow | ]

Pressure drop Ap; [kPa]
In the version with water cooling it gives the pressure loss in the cooling duct.

Constants of the winding

These constants change with number of the turns, size of the conductor being used and
connection of the operating winding. The winding variants delivered as a standard for both
cooling alternatives can be seen in the enclosed tables (Appendixes No. 12 and 13). At the
request, after the consultation with the producer, torque motors with other constants than
those given in the tables can be delivered. Torque values of the motors, however, must be
reduced with regard to the winding feasibility.

Torque constant k;*° [Nm/A]
It gives the ratio of the output torque and the r.m.s. value of the motor current at 20 °C. Due to
the reactive field of the stator winding and as a consequence of the oversaturation of the
magnetic circuit the torque course in dependence on the supply current is not linear, as it
follows from the enclosed Fig. 2.
This course is defined by 4 working points:

- beginning of coordinates (point ,0)

- permanent torque Mi3ow at the current li3ow (Water cooling and winding temperature

130 °C)
- peak torque My at the current I (winding temperature 130 °C)
- limiting torque M, at the current I;, (winding temperature 130 °C)
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Voltage constant ke*° [V/1000 min™]
It gives the r.m.s. line-to-line value of the induced voltage at the motor terminals at the speed
1000 rpm and the temperature 20 °C in generator operation.

Voltage constant k.2 [V/rad s
It gives the r.m.s. line-to-line value of the induced voltage at the motor terminals at the speed
of 1000 rpm related to its angular speed at 20 °C in the generator operation.

Ohmic winding resistance Rx*° [Q2]
It gives the value of the ohmic winding resistance measured between any two terminals of the
motor winding at 20 °C.

Winding inductance Ly [mH]
It gives the inductance value of the motor winding measured between two terminals at the
supply from the source 1000 Hz.

Intermediate circuit voltage of the converter Upc [V]
It gives the rated value of DC voltage in the intermediate circuit of the supply frequency
converter.

Maximal terminal voltage of the motor Umax [V]
Maximal line-to-line value of AC voltage (1% harmonic) at the output of the frequency converter
at the rated voltage of the intermediate circuit Upc.

Maximal current Imax [A].
The current necessary for developing the peak torque Mpax.

Limiting current l;im [A]
The current necessary for developing the limiting torque Mjn, .
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Permanent current lizow [A]
The current necessary for developing the permanent torque Myzow With water cooling ICW and
at the winding temperature 130 °C.

Permanent current lizoa [A]
The current necessary for developing the permanent torque Miz0a With cooling by air IC00 and
at the winding temperature 130 °C.

Torque My [Nm]
Maximal continuously utilizable torque of the motor at the supply voltage Uimax.

Maximal speed Npye, [rpm]
Maximal attainable motor speed at the supply voltage U;max and the loading torque My, see
Fig. 3.

Maximal speed n¢ [rpm]
Maximal attainable motor speed at the supply voltage U;max and the loading torque Mpmay, See
Fig. 3.

No-load speed ng [rpm]
Maximal attainable motor speed at the supply voltage Uinax at no-load operation and at 20 °C.

Fig. 3
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Basic parameters of torque motors ROL 180 Cooling - ICW Appendix 3.1
Type of ROL motor 180221 180222 180223 180224 180225
Peak torque Minax Nm 68 105 140 174 210
Limiting torque (on the limit of demagnetization) Miim Nm 74 115 153 191 231
Permanent torque (winding temperature 130 °C) Mi30w Nm 45 70 93 116 140
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 32 49 66 82 99
Maximum power losses (winding temperature 20 °C) AP hax W 1797 2534 3113 3695 4339
Permanent power losses (winding temperature 130 °C) AP 1300 W 969 1367 1680 1993 2341
Constant of the motor (at 20 °C) Km Nm/w*?2 1,6 2,09 2,50 2,86 3,19
Electrical time constant Te ms 6,7 7,6 8,1 8,5 8,8
Mechanical time constant Tm S 1,02 0,89 0,82 0,79 0,76
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,108 0,077 0,063 0,053 0,045
Thermal capacity of the motor zc*m Ws/K 11158 14358 17558 22803 26149
Thermal time constant Trhw min 20,14 18,38 18,29 20,02 19,55
Pole number 2p 22 22 22 22 22
Moment of inertia of the rotor Jrot kgm2 0,0042 0,0063 0,0084 0,0105 0,0126
Mass of the rotor Mot kg 1,8 2,7 3,6 4,5 5,4
Mass of the motor Mot kg 13,0 18,0 22,0 27,0 31
Static friction torque (typical value) M, Nm 0,35 0,52 0,70 0,87 1,05
Damping constant kp Nm*min*10™* 0,45 0,67 0,90 1,12 1,34
Cogging torque Mcog Nm 2,6 4,0 53 7,0 8,0
Maximum recommended speed Nmax mint 600 600 600 600 600
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 4 4 4 4 4
Water quantity Qu I/min 3,5 49 6,0 7,1 8,4
Pressure drop Ap; bar 0,12 0,12 0,26 0,17 0,34
Worked out by: Ing. Daniel Date: 28.3.2007
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Basic parameters of torque motors ROL 300 Cooling - ICW Appendix 3.2
Type of ROL motor 300441 300442 300443 300444 300445
Peak torque Minax Nm 278 420 563 705 855
Limiting torque (on the limit of demagnetization) Miim Nm 305 462 619 776 941
Permanent torque (winding temperature 130 °C) Mi30w Nm 185 280 375 470 570
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 131 198 265 332 403
Maximum power losses (winding temperature 20 °C) AP hax W 3063 4112 5152 6188 7351
Permanent power losses (winding temperature 130 °C) AP 1300 W 1652 2218 2779 3338 3966
Constant of the motor (at 20 °C) Km Nm/w*?2 5,0 6,5 7.8 9,0 10,0
Electrical time constant Te ms 9,7 10,9 11,6 12,1 12,5
Mechanical time constant Tm S 1,06 0,94 0,87 0,83 0,81
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,064 0,047 0,038 0,031 0,026
Thermal capacity of the motor zc*m Ws/K 22415 30474 37625 49012 57978
Thermal time constant Trhw min 23,74 24,04 23,70 25,69 25,59
Pole number 2p 44 44 44 44 44
Moment of inertia of the rotor Jrot kgm2 0,044 0,065 0,087 0,109 0,131
Mass of the rotor Mot kg 4,1 6,1 8,1 10,1 12,2
Mass of the motor Mot kg 29 38,0 48,0 57,0 66,0
Static friction torque (typical value) M, Nm 1,6 2,4 3,3 4,1 4,9
Damping constant kp Nm*min*10™* 4,2 6,2 8,3 10,4 12,5
Cogging torque Mcog Nm 4,0 6,1 8,2 10,2 12,4
Maximum recommended speed Nmax mint 300 300 300 300 300
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 4 4 5 5 6
Water quantity Qu I/min 59 7,9 8,0 9,6 9,6
Pressure drop Ap; bar 0,2 0,1 0,18 0,24 0,32
Worked out by: Ing. Daniel Date: 28.3.2007




Basic parameters of torque motors ROL 420
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Cooling - ICW Appendix 3.3
Type of ROL motor 420661 420662 420663 420664 420665
Peak torque Minax Nm 625 965 1290 1620 1950
Limiting torque (on the limit of demagnetization) Miim Nm 690 1065 1425 1780 2150
Permanent torque (winding temperature 130 °C) Mi30w Nm 465 725 975 1220 1485
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 329 513 689 863 1050
Maximum power losses (winding temperature 20 °C) AP hax W 4706 6595 8247 9957 11661
Permanent power losses (winding temperature 130 °C) AP 1300 W 3162 4519 5718 6854 8208
Constant of the motor (at 20 °C) Km Nm/w*?2 9,1 11,9 14,2 16,2 18,1
Electrical time constant Te ms 10,2 11,5 12,3 12,8 13,1
Mechanical time constant Tm S 1,51 1,33 1,24 1,19 1,15
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,033 0,023 0,018 0,015 0,013
Thermal capacity of the motor zc*m Ws/K 30715 40551 50884 65928 76509
Thermal time constant Trhw min 17,0 15,7 15,6 16,8 16,3
Pole number 2p 66 66 66 66 66
Moment of inertia of the rotor Jrot kgm2 0,204 0,305 0,407 0,509 0,611
Mass of the rotor Mot kg 8 12 16 20 24
Mass of the motor Mot kg 47,0 63,0 79,0 94,0 109,0
Static friction torque (typical value) M, Nm 3,5 5,2 7,0 8,7 10,4
Damping constant kp Nm*min*10™* 13,4 20,0 26,7 33,4 40,1
Cogging torque Mcog Nm 7,8 12,1 16,1 20,3 24,4
Maximum recommended speed Nmax mint 200 200 200 200 200
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 5 6 7 8 9
Water quantity Qu I/min 9,1 10,8 11,7 12,3 13,1
Pressure drop Ap; bar 0,22 0,15 0,28 0,27 0,37
Worked out by: Ing. Daniel Date: 28.3.2007




Basic parameters of torque motors ROL 530
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Cooling - ICW Appendix 3.4
Type of ROL motor 530881 530882 530883 530884 530885
Peak torque Minax Nm 1125 1700 2275 2850 3400
Limiting torque (on the limit of demagnetization) Miim Nm 1238 1870 2503 3135 3740
Permanent torque (winding temperature 130 °C) Mi30w Nm 830 1260 1680 2100 2500
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 587 891 1188 1485 1768
Maximum power losses (winding temperature 20 °C) AP hax W 6393 8594 10780 12959 14914
Permanent power losses (winding temperature 130 °C) AP 1300 W 4267 5790 7209 8628 9889
Constant of the motor (at 20 °C) Km Nm/w*?2 14,1 18,3 21,9 25,0 27,8
Electrical time constant Te ms 10,7 12,0 12,8 13,3 13,7
Mechanical time constant Tm S 1,38 1,23 1,15 1,10 1,07
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,025 0,018 0,015 0,012 0,011
Thermal capacity of the motor zc*m Ws/K 42284 56538 70793 88336 98479
Thermal time constant Trhw min 17,34 17,09 17,19 17,92 17,43
Pole number 2p 88 88 88 88 88
Moment of inertia of the rotor Jrot kgm2 0,45 0,68 0,91 1,13 1,36
Mass of the rotor Mot kg 9 14 19 24 28
Mass of the motor Mot kg 56 75 94 112 132
Static friction torque (typical value) M, Nm 6,2 9,3 12,4 15,5 18,6
Damping constant kp Nm*min*10™* 31,7 47,5 63,3 79,2 95,0
Cogging torque Mcog Nm 12,9 19,6 26,2 32,8 39,1
Maximum recommended speed Nmax mint 150 150 150 150 150
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 5 5 6 7 8
Water quantity Qu I/min 12,2 16,6 17,2 17,7 17,7
Pressure drop Ap; bar 0,24 0,21 0,34 0,36 0,48
Worked out by: Ing. Daniel Date: 28.3.2007
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Basic parameters of torque motors ROL 660 Cooling - ICW Appendix 3.5
Type of ROL motor 6601101 | 6601102 | 6601103 | 6601104 | 6601105
Peak torque Minax Nm 1750 2625 3500 4400 5300
Limiting torque (on the limit of demagnetization) Miim Nm 1925 2900 3850 4890 5880
Permanent torque (winding temperature 130 °C) Mi30w Nm 1290 1984 2600 3300 3950
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 912 1403 1838 2333 2793
Maximum power losses (winding temperature 20 °C) AP hax W 8151 10807 13464 16305 19136
Permanent power losses (winding temperature 130 °C) AP 1300 W 5488 7646 9206 11365 13171
Constant of the motor (at 20 °C) Km Nm/w*?2 19,4 25,3 30,2 34,5 38,3
Electrical time constant Te ms 11,1 12,5 13,3 13,8 14,2
Mechanical time constant Tm S 1,64 1,45 1,36 1,30 1,26
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,019 0,014 0,011 0,009 0,008
Thermal capacity of the motor zc*m Ws/K 71801 95266 108454 133204 147033
Thermal time constant Trhw min 22,90 21,80 20,62 20,51 19,54
Pole number 2p 110 110 110 110 110
Moment of inertia of the rotor Jrot kgm2 1,03 1,54 2,05 2,57 3,08
Mass of the rotor Mot kg 14 21 28 35 42
Mass of the motor Mot kg 91 120 151 179 210
Static friction torque (typical value) M, Nm 9,0 13,5 18,1 22,6 27,1
Damping constant kp Nm*min*10™* 57,8 86,7 115,6 1444 173,3
Cogging torque Mcog Nm 18,4 27,6 36,8 46,2 55,7
Maximum recommended speed Nmax mint 120 120 120 120 120
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 5 6 7 8 10
Water quantity Qu I/min 15,7 18,3 18,9 20,4 18,9
Pressure drop Ap; bar 0,28 0,17 0,28 0,31 0,38
Worked out by: Ing. Daniel Date: 28.3.2007
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Basic parameters of torque motors ROL 770 Cooling - ICW Appendix 3.6
Type of ROL motor 7701321 | 7701322 | 7701323 | 7701324 | 7701325
Peak torque Minax Nm 2540 3800 5100 6400 7700
Limiting torque (on the limit of demagnetization) Miim Nm 2800 4200 5600 7050 8450
Permanent torque (winding temperature 130 °C) Mi30w Nm 1850 2750 3700 4600 5550
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 1308 1945 2616 3252 3924
Maximum power losses (winding temperature 20 °C) AP hax W 9913 13082 16519 19938 23349
Permanent power losses (winding temperature 130 °C) AP 1300 W 6516 8490 10774 12763 15031
Constant of the motor (at 20 °C) Km Nm/w*?2 25,5 33,2 39,7 45,3 50,4
Electrical time constant Te ms 11,5 12,9 13,8 14,3 14,7
Mechanical time constant Tm S 1,48 1,31 1,23 1,17 1,14
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,016 0,012 0,010 0,008 0,007
Thermal capacity of the motor zc*m Ws/K 82639 103218 119327 152567 167931
Thermal time constant Trhw min 22,2 21,3 19,4 20,9 19,6
Pole number 2p 132 132 132 132 132
Moment of inertia of the rotor Jrot kgm2 1,61 2,41 3,21 4,01 4,82
Mass of the rotor Mot kg 15 22 30 37 44
Mass of the motor Mot kg 101 134 169 199 233
Static friction torque (typical value) M, Nm 13,1 19,6 26,1 32,7 39,2
Damping constant kp Nm*min*10™* 100,3 150,5 200,6 250,8 300,9
Cogging torque Mcog Nm 24,1 36,1 48,5 60,8 73,2
Maximum recommended speed Nmax mint 100 100 100 100 100
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 5 6 8 8 10
Water quantity Qu I/min 18,7 20,3 19,3 22,9 215
Pressure drop Ap; bar 0,45 0,25 0,35 0,38 0,58
Worked out by: Ing. Daniel Date: 28.3.2007
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Basic parameters of torque motors ROL 880 Cooling - ICW Appendix 3.7
Type of ROL motor 8801541 | 8801542 | 8801543 | 8801544 | 8801545
Peak torque Minax Nm 3400 5100 6800 8600 10300
Limiting torque (on the limit of demagnetization) Miim Nm 3740 5610 7480 9460 11330
Permanent torque (winding temperature 130 °C) Mi30w Nm 2200 3300 4500 5600 6800
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 1555 2334 3182 3959 4808
Maximum power losses (winding temperature 20 °C) AP hax W 11526 15298 19070 23383 27139
Permanent power losses (winding temperature 130 °C) AP 1300 W 5980 7937 10348 12285 14657
Constant of the motor (at 20 °C) Km Nm/w*?2 31,7 41,2 49,2 56,2 62,5
Electrical time constant Te ms 11,9 13,3 14,2 14,7 15,2
Mechanical time constant Tm S 2,15 1,90 1,78 1,70 1,65
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,018 0,013 0,010 0,009 0,007
Thermal capacity of the motor zc*m Ws/K 98963 127019 146603 181437 202715
Thermal time constant Trhw min 28,96 28,01 24,79 25,85 24,20
Pole number 2p 154 154 154 154 154
Moment of inertia of the rotor Jrot kgm2 3,58 5,38 7,17 8,96 10,75
Mass of the rotor Mot kg 24 37 49 61 73
Mass of the motor Mot kg 130 169 211 249 290
Static friction torque (typical value) M, Nm 17,3 26,0 34,7 43,4 52,0
Damping constant kp Nm*min*10™* 155,4 233,0 310,7 388,4 466,1
Cogging torque Mcog Nm 32,3 48,5 64,6 81,7 97,9
Maximum recommended speed Nmax mint 86 86 86 86 86
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 7 7 8 10 12
Water quantity Qu I/min 12,2 16,3 18,5 17,6 17,5
Pressure drop Ap; bar 0,23 0,18 0,37 0,32 0,45
Worked out by: Ing. Daniel Date: 28.3.2007
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Basic parameters of torque motors ROL 1000 Cooling - ICW Appendix 3.8
Type of ROL motor 10001761 | 10001762 | 10001763 | 10001764 | 10001765
Peak torque Minax Nm 4400 6700 9000 11200 13250
Limiting torque (on the limit of demagnetization) Miim Nm 4850 7400 9900 12250 14750
Permanent torque (winding temperature 130 °C) Mi30w Nm 2900 4400 5900 7400 9000
Permanent stall torque (winding temperature 130 °C) Mo13ow Nm 2050 3112 4171 5232 6363
Maximum power losses (winding temperature 20 °C) AP hax W 12914 17670 22361 26550 30069
Permanent power losses (winding temperature 130 °C) AP 1300 W 6952 9443 11908 14362 17191
Constant of the motor (at 20 °C) Km Nm/w*?2 38,7 50,4 60,2 68,7 76,4
Electrical time constant Te ms 12,2 13,7 14,6 15,2 15,6
Mechanical time constant Tm S 1,97 1,75 1,63 1,57 1,52
Thermal resistance (winding temperature 130 °C) Rihizow K/W 0,015 0,011 0,009 0,007 0,006
Thermal capacity of the motor zc*m Ws/K 111146 150781 171238 205119 226535
Thermal time constant Trhw min 27,98 27,94 25,17 24,99 23,06
Pole number 2p 176 176 176 176 176
Moment of inertia of the rotor Jrot kgm2 4,92 7,39 9,85 12,31 14,77
Mass of the rotor Mot kg 25 38 52 63 76
Mass of the motor Mot kg 145 188 237 281 330
Static friction torque (typical value) M, Nm 22,5 33,7 45,0 56,2 67,4
Damping constant kp Nm*min*10™* 230,1 345,2 460,3 575,4 690,4
Cogging torque Meog Nm 37,4 57,0 76,5 95,2 112,6
Maximum recommended speed Nmax mint 75 75 75 75 75
Maximum inlet temperature of cooling water St °c 25 25 25 25 25
Temperature rise of cooling water ASy, K 7 8 10 12 15
Water quantity Qu I/min 14,2 17,0 17,0 17,2 16,4
Pressure drop Ap; bar 0,3 0,21 0,36 0,47 0,37
Worked out by: Ing. Daniel Date: 28.3.2007
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Appendix No. 4.1

Water cooling - ICW Cooling by air - IC 00

TYPE OF MOTO lw1so Sikab dian Niap la130 Sskab dian Niap

[A] [mm?] [mm ] [ -] [A] [mm?] [mm] [ -]
ROL 180221-X 22,1 2,5 11,6 1 9,3 1,5 9,9 1
ROL 180221-A 11,0 1,5 9,9 1 4.6 1,5 9,9 1
ROL 180222-X 22,9 2,5 11,6 1 9,6 1,5 9,9 1
ROL 180222-A 11,5 1,5 9,9 1 4.8 1,5 9,9 1
ROL 180223-A 22,8 2,5 11,6 1 9,6 1,5 9,9 1
ROL 180223-B 11,4 1,5 9,9 1 4.8 1,5 9,9 1
ROL 180224-A 22,8 2,5 11,6 1 9,6 1,5 9,9 1
ROL 180224-B 11,4 1,5 9,9 1 4.8 1,5 9,9 1
ROL 180225-A 22,9 2,5 11,6 1 9,6 1,5 9,9 1
ROL 180225-B 11,5 1,5 9,9 1 4.8 1,5 9,9 1

lw130 - Motor current (cooling ICW)

la130 - Motor current (cooling IC 00)
Sskab - Section of power cable conductor
dwab - Outside diameter of power cable
Niab - Number of outlet power cables

Ing.Daniel Datum : 3.4. 2007
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Appendix No. 4.2

Water cooling - ICW Cooling by air - IC 00

TYPE OF MOTO lwizo Sskab dab Niap la130 Sskab dab Niap

[A] [mm?] [mm] [ -] [A] [mm?] [mm ] [ -]
ROL 300441-A 37,3 40 12,7 1 15,6 1,5 9,9 1
ROL 300441-B 18,6 1,5 9,9 1 7,8 1,5 9,9 1
ROL 300441-C 9,3 1,5 9,9 1 3,9 1,5 9,9 1
ROL 300442-A - - - - 15,8 1,5 9,9 1
ROL 300442-B 37,6 40 12,7 1 - - - -
ROL 300442-C 18,8 1,5 9,9 1 7,9 1,5 9,9 1
ROL 300442-E 9,4 1,5 9,9 1 3,9 1,5 9,9 1
ROL 300443-B 37,8 40 12,7 1 15,8 1,5 9,9 1
ROL 300443-C 18,9 1,5 9,9 1 7,9 1,5 9,9 1
ROL 300443-M - - - - 40 1,5 9,9 1
ROL 300443-F 9,4 1,5 9,9 1 - - - -
ROL 300444-B 37,9 40 12,7 1 15,9 1,5 9,9 1
ROL 300444-D 18,9 1,5 9,9 1 7,9 1,5 9,9 1
ROL 300445-G 9,5 1,5 9,9 1 40 1,5 9,9 1
ROL 300445-C 38,3 40 12,7 1 16,0 1,5 9,9 1
ROL 300445-E 19,2 1,5 9,9 1 8,0 1,5 9,9 1

lw130 - Motor current (cooling ICW)

la130 - Motor current (cooling IC 00)
Sskab - Section of power cable conductor
dwab - Outside diameter of power cable
Niab - Number of outlet power cables

Ing.Daniel

Datum : 3.4. 2007
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Water cooling - ICW

Cooling by air - IC 00

TYPE OF MOTO lw1so Sikab dian Niap la130 Sskab dian Niap
[A] [mm?] [mm] [ -] [A] [mm?] [mm ] [ -]
ROL 420661-A - - - - 26,7 4 12,7 1
ROL 420661-B 63,8 40 12,7 2 - - - -
ROL 420661-C 31,9 40 12,7 1 13,4 1,5 9,9 1
ROL 420661-D 21,3 2,5 11,6 1 8,9 1,5 9,9 1
ROL 420661-F - - - - 45 1,5 9,9 1
ROL 420661-G 10,6 1,5 9,9 1 -
ROL 420662-B - - - - 27,8 4 12,7 1
ROL 420662-C 66,3 40 12,7 2 13,9 1,5 9,9 1
ROL 420662-D 33,2 4 12,7 1 - - - -
ROL 420662-M 22,1 2,5 11,6 1 9,3 1,5 9,9 1
ROL 420662-K 11,1 1,5 9,9 1 - - -
ROL 420663-C 66,9 40 12,7 2 28,0 4 12,7 1
ROL 420663-E 33,5 4 12,7 1 14,0 1,5 9,9 1
ROL 420663-F - - - - 9,3 1,5 9,9 1
ROL 420663-G 22,3 2,5 11,6 1 - - - -
ROL 420664-C 66,9 40 12,7 2 28,0 4 12,7 1
ROL 420664-M 33,5 4 12,7 1 14,0 1,5 9,9 1
ROL 420664-H 22,3 2,5 11,6 1 9,4 1,5 9,9 1
ROL 420665-C - - - - 28,5 4 12,7 1
ROL 420665-D 67,9 40 12,7 2 - - - -
ROL 420665-F - - - - 14,2 1,5 9,9 1
ROL 420665-G 33,9 4 12,7 1 - - - -
ROL 420665-K 22,6 2,5 11,6 1 9,5 1,5 9,9 1

lw130 - Motor current (cooling ICW)
la130 - Motor current (cooling IC 00)

Sskab - Section of power cable conductor

dwab - Outside diameter of power cable
Niab - Number of outlet power cables

Ing.Daniel

Datum : 3.4. 2007




VUES Brno a.s.

TNA 783a
Appendix No. 4.4

Water cooling - ICW

Cooling by air - IC 00

TYPE OF MOTO lwizo Sskab dab Niap la130 Sskab dab Niap
[A] [mm?] [mm ] [ -] [A] [mm?] [ mm ] [ -]

ROL 530881-B 85,3 6,0 14,0 2 35,8 4 12,7 1
ROL 530881-C 42,7 6,0 14,0 1 17,9 1,5 9,9 1
ROL 530881-M - - - - 9,0 1,5 9,9 1
ROL 530881-F 21,3 2,5 11,6 1 - - - -
ROL 530881-I 10,7 1,5 9,9 1 - - - -
ROL 530882-C 86,4 6,0 14,0 2 36,2 4 12,7 1
ROL 530882-E 43,2 6,0 14,0 1 18,1 1,5 9,9 1
ROL 530882-H 21,6 2,5 11,6 1 9,1 1,5 9,9 1
ROL 530883-C 86,4 6,0 14,0 2 36,2 4 12,7 1
ROL 530883-M - - - - 18,1 1,5 9,9 1
ROL 530883-F 43,2 6,0 14,0 1 - - - -
ROL 530883-K - - - - 9,1 1,5 9,9 1
ROL 530883-I 21,6 2,5 11,6 1 - - -

ROL 530884-D 86,4 6,0 14,0 2 36,2 4 12,7 1
ROL 530884-G 43,2 6,0 14,0 1 18,1 1,5 9,9 1
ROL 530884-J 21,6 2,5 11,6 1 - - - -
ROL 530885-E 85,7 6,0 14,0 2 36,0 4 12,7 1
ROL 530885-H 42.8 6,0 14,0 1 18,0 1,5 9,9 1

lw130 - Motor current (cooling ICW)
la130 - Motor current (cooling IC 00)

Sskab - Section of power cable conductor

dwab - Outside diameter of power cable
Niab - Number of outlet power cables

Ing.Daniel

Datum : 3.4. 2007




VUES Brno a.s.

TNA 783a

Appendix No. 4.5

Water cooling - ICW Cooling by air - IC 00

TYPE OF MOTO lwizo Sskab dab Niap la130 Sskab dab Niap

[A] [mm?] [mm] [ -] [A] [mm?] [mm ] [ -]
ROL 6601101-B 108.,5 2,5 11,6 4 45,5 6,0 14,0 1
ROL 6601101-D 54,3 40 12,7 2 22,7 2,5 11,6 1
ROL 6601101-H - - - - 9,1 1,5 9,9 9
ROL 6601101-K 21,7 2,5 11,6 1 - - - -
ROL 6601102-C 111,2 2,5 11,6 4 46,6 6,0 14,0 1
ROL 6601102-M 55,6 40 12,7 2 23,3 2,5 11,6 1
ROL 6601102-J 22,3 2,5 11,6 1 9,3 1,5 9,9 9
ROL 6601103-D 109,3 2,5 11,6 4 45,8 6,0 14,0 1
ROL 6601103-G 54,7 40 12,7 2 22,9 2,5 11,6 1
ROL 6601103-L 21,9 2,5 11,6 1 - - - -
ROL 6601104-E 111,0 2,5 11,6 4 46,6 6,0 14,0 1
ROL 6601104-H - - - - 23,3 2,5 11,6 1
ROL 6601104-K 55,5 40 12,7 2 - - - -
ROL 6601105-M 110,7 2,5 11,6 4 46,4 6,0 14,0 1
ROL 6601105-K 55,4 40 12,7 2 23,2 2,5 11,6 1

lw130 - Motor current (cooling ICW)
la130 - Motor current (cooling IC 00)

Sskab - Section of power cable conductor

dwab - Outside diameter of power cable
Niab - Number of outlet power cables

Ing.Daniel

Datum : 3.4. 2007



VUES Brno a.s.

TNA 783a

Appendix No. 4.6

Water cooling - ICW Cooling by air - IC 00

TYPE OF MOTO lw1so Sikab dian Niap la130 Sskab dian Niap

[A] [mm?] [mm ] [ -] [A] [mm?] [mm] [ -]
ROL 7701321-C 129,6 4,0 12,7 4 54,4 4,0 12,7 2
ROL 7701321-E 64,8 4,0 12,7 2 27,2 2,5 11,6 1
ROL 7701321-F - 18,1 1,5 9,9 1
ROL 7701321-G 43,2 6,0 14,0 1 - - - -
ROL 7701321-H 32,4 4,0 12,7 1 13,6 1,5 9,9 1
ROL 7701321-I - 9,1 1,5 9,9 1
ROL 7701321-J 21,6 2,5 11,6 1 - - - -
ROL 7701322-C - - - - 53,9 4,0 12,7 2
ROL 7701322-D 128,5 4,0 12,7 4 - - - -
ROL 7701322-F - - - - 26,9 2,5 11,6 1
ROL 7701322-G 64,2 4,0 12,7 2 -
ROL 7701322-K 42,8 6,0 14,0 1 18,0 1,5 9,9 1
ROL 7701322-I - - - - 13,5 1,5 9,9 1
ROL 7701322-J 32,1 4,0 12,7 1 - - - -
ROL 7701322-N 21,4 2,5 11,6 1 - - - -
ROL 7701323-E 129,6 4,0 12,7 4 54,4 4,0 12,7 2
ROL 7701323-H 64,8 4,0 12,7 2 27,2 2,5 11,6 1
ROL 7701323-I - - - - 18,1 1,5 9,9 1
ROL 7701323-J 43,2 6,0 14,0 1 - - - -
ROL 7701323-L 32,4 4,0 12,7 1 13,6 1,5 9,9 1
ROL 7701324-M 128,9 4,0 12,7 4 54,1 4,0 12,7 2
ROL 7701324-K 64,5 4,0 12,7 2 27,0 2,5 11,6 1
ROL 7701324-L 43,0 6,0 14,0 1 18,0 1,5 9,9 1
ROL 7701324-N 32,2 4,0 12,7 1 - - - -
ROL 7701325-F - - - - 54,4 4,0 12,7 2
ROL 7701325-G 129,6 4,0 12,7 4 - - - -
ROL 7701325-I - - - - 27,2 25,0 11,6 1
ROL 7701325-J 64,8 4,0 12,7 2 - - - -
ROL 7701325-L - - - - 18,2 1,5 9,9 1
ROL 7701325-N 43,2 6,0 14,0 1 - - -

lw130 - Motor current (cooling ICW)
la130 - Motor current (cooling IC 00)

Sskab - Section of power cable conductor
dwab - Outside diameter of power cable

Niab - Number of outlet power cables

Ing.Daniel

Datum : 3.4. 2007



VUES Brno a.s.

TNA 783a

Appendix No. 4.7

Water cooling - ICW Cooling by air - IC 00
TYPE OF MOTO lwizo Sskab dab Niap la130 Sskab dab Niap
[A] [mm?] [mm] [ -] [A] [mm?] [mm ] [ -]

ROL 10001761-C 154.,4 6,0 14,0 4 64,8 40 11,6 2
ROL 10001761-M - - - - 32,4 40 12,7 1
ROL 10001761-F 77,2 6,0 14,0 2 - - - -
ROL 10001761-K - - - - 16,2 1,5 9,9 1
ROL 10001761-I 38,6 6,0 14,0 1 - - -

ROL 10001761-N 19,3 2,5 11,6 1 - - - -
ROL 10001762-E 156,2 6,0 14,0 4 65,5 40 11,6 2
ROL 10001762-H 78,1 6,0 14,0 2 32,8 40 12,7 1
ROL 10001762-L 39,1 6,0 14,0 1 16,4 1,5 9,9 1
ROL 10001763-M - - - - 65,9 40 11,6 2
ROL 10001763-F 157,0 6,0 14,0 4 - - - -
ROL 10001763-K - - - - 33,0 40 12,7 1
ROL 10001763-I 78,5 6,0 14,0 2 - - - -
ROL 10001763-N 39,3 6,0 14,0 1 16,5 1,5 9,9 1
ROL 10001764-G 157.6 6,0 14,0 4 66,1 40 11,6 2
ROL 10001764-J 78,8 6,0 14,0 2 33,1 40 12,7 1
ROL 10001764-P 39,4 6,0 14,0 1 - - - -
ROL 10001765-H 159,7 6,0 14,0 4 67,0 40 11,6 2
ROL 10001765-L 79,8 6,0 14,0 2 33,5 40 12,7 1

lw130 - Motor current (cooling ICW)
la130 - Motor current (cooling IC 00)

Sskab - Section of power cable conductor

dwab - Outside diameter of power cable
Niab - Number of outlet power cables

Ing.Daniel

Datum : 3.4. 2007
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VUES Brno a.s. ROL 180 TNA 783a
Appendix No. 6.1

Basic dimensions of torque motors of ROL series
Type ROL 180221 180222 180223 180224 180225
Pole number 22 22 22 22 22
D, mm 200h7 200h7 200h7 200h7 200h7
De mm 180 180 180 180 180
D mm 115H7 115H7 115H7 115H7 115H7
Drot mm 100h7 100h7 100h7 100h7 100h7
d; mm 80H8 80H8 80H8 80H8 80H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
L mm 110 135 160 185 210
Lok mm 4 4 4 4 4
Ds mm 190-0,2 190-0,2 190-0,2 190-0,2 190-0,2
Mg mm 12 x M6 12 x M6 12 x M6 12 x M6 12 x M6
Qs ° 30°+5 30°+5 30°+5 30°+5 30°+5
m mm 10 10 10 10 10
d, mm 91 +0,2 91 +0,2 91 +0,2 91 +0,2 91+0,2
M, mm 12 x M6 12 x M6 12 x M6 12 x M6 12 x M6
o ° 30° + 10 30° + 10 30° + 10 30° + 10 30° + 10
n mm 15 15 15 15 15
Dot mm 8 8 8 8 8
Qoatl ° 60° 60° 60° 60° 60°
Ayab mm 36 36 36 36 36
Byab mm 30 30 30 30 30

Ing.Pavel SKUPIN

28.3. 2007



VUES Brno a.s. ROL 300 TNA 783a
Appendix No. 6.2

Basic dimensions of torque motors of ROL series
Type ROL 300441 300442 300443 300444 300445
Pole number 44 44 44 44 44
D mm 320h7 320h7 320h7 320h7 320h7
De mm 300 300 300 300 300
D mm 230H7 230H7 230H7 230H7 230H7
Dot mm 215h7 215h7 215h7 215h7 215h7
d; mm 195H8 195H8 195H8 195H8 195H8
Lee mm 50 75 100 125 150
Le mm 60 85 110 135 160
Lm mm 110 135 160 185 210
Lok mm 5,4 5,4 5,4 5,4 5,4
Dg mm 310-0,2 310-0,2 310-0,2 310-0,2 310-0,2
Mg mm 16 x M6 16 x M6 16 x M6 16 x M6 16 x M6
Ol ° 22°30" + 2 22°30" + 2 22°30" + 2 22°30" + 2 22°30" + 2
m mm 10 10 10 10 10
d, mm 206 +0,2 206 +0,2 206 +0,2 206 +0,2 206 +0,2
M, mm 16 x M6 16 x M6 16 x M6 16 x M6 16 x M6
o, ° 22°30" + 5’ 22°30" =5’ 22°30" + 5’ 22°30" +5° 22°30" + 5’
n mm 15 15 15 15 15
Dot mm 8 8 8 8 8
G’Odﬂ ° 450 450 45° 450 450
Ayab mm 42 42 42 42 42
byab mm 32 32 32 32 32

Ing.Pavel SKUPIN




VUES Brno a.s. ROL 420 TNA 783a
Appendix No. 6.3

Basic dimensions of torque motors of ROL series
Type ROL 420661 420662 420663 420664 420665
Pole number 66 66 66 66 66
Dm mm 450h7 450h7 450h7 450h7 450h7
De mm 420 420 420 420 420
D mm 345H7 345H7 345H7 345H7 345H7
Drot mm 330h7 330h7 330h7 330h7 330h7
d; mm 300H8 300H8 300H8 300H8 300H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
Lo mm 110 135 160 185 210
Lok mm 54 54 5,4 5,4 5,4
Ds mm 434+0,1 434+0,1 434+0,1 434+0,1 434+0,1
Mg mm 12 x M8 12 x M8 12 x M8 12 x M8 12 x M8
s ° 30°+2 30°+2 30°+2 30°+ 2 30°+ 2
m mm 13 13 13 13 13
d, mm 316 + 0,1 316 + 0,1 316 + 0,1 316+ 0,1 316 £ 0,1
M, mm 12 x M8 12 x M8 12 x M8 12 x M8 12 x M8
o ° 30°+2 30°+2 30°+2 30°+ 2 30°+ 2
n mm 18 18 18 18 18
Doat mm 10 10 10 10 10
Qoatl ° 60° 60° 60° 60° 60°
Ayab mm 84 84 84 84 84
Byab mm 39 39 39 39 39

Ing.Pavel SKUPIN 28.3. 2007



VUES Brno a.s. ROL 530 TNA 783a
Appendix No. 6.4

Basic dimensions of torque motors of ROL series
Type ROL 530881 530882 530883 530884 530885
Pole number 88 88 88 88 88
Dm mm 565h7 565h7 565h7 565h7 565h7
De mm 530 530 530 530 530
D mm 460H7 460H7 460H7 460H7 460H7
Drot mm 445h7 445h7 445h7 445h7 445h7
d; mm 420H8 420H8 420H8 420H8 420H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
Lo mm 110 135 160 185 210
Lok mm 8,8 8,8 8,8 8,8 8,8
Ds mm 544 + 0,1 544 + 0,1 544 + 0,1 544 +0,1 544 0,1
Mg mm 16 x M8 16 x M8 16 x M8 16 x M8 16 x M8
s ° 22°30 17 22°30 17 22°30" + 1’ 22°30" + 17 22°30" + 17
m mm 13 13 13 13 13
d, mm 434+0,1 434+0,1 434+0,1 434+0,1 434+0,1
M, mm 16 x M8 16 x M8 16 x M8 16 x M8 16 x M8
o, ° 22°30 = 17 22°30 17 22°30" + 17 22°30" + 17 22°30" + 17
n mm 18 18 18 18 18
Doat mm 10 10 10 10 10
Qoatl ° 45° 45° 45° 45° 45°
Ayab mm 84 84 84 84 84
Byab mm 38 38 38 38 38

Ing.Pavel SKUPIN




VUES Brno a.s. ROL 660 TNA 783a
Appendix No. 6.5

Basic dimensions of torque motors of ROL series
Type ROL 6601101 6601102 6601103 6601104 6601105
Pole number 110 110 110 110 110
D, mm 700h7 700h7 700h7 700h7 700h7
De mm 660 660 660 660 660
D mm 575H7 575H7 575H7 575H7 575H7
Drot mm 560h7 560h7 560h7 560h7 560h7
d; mm 530H8 530H8 530H8 530H8 530H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
L mm 110 135 160 185 210
Lok mm 8,8 8,8 8,8 8,8 8,8
Ds mm 676 +0,1 676 +0,1 676 +0,1 676 +0,1 676 +0,1
M, mm 20 x M8 20 x M8 20 x M8 20 x M8 20 x M8
Qs ° 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’
m mm 13 13 13 13 13
d, mm 546 + 0,1 546 + 0,1 546 + 0,1 546 + 0,1 546 + 0,1
M, mm 20 x M8 20 x M8 20 x M8 20 x M8 20 x M8
o ° 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’
n mm 18 18 18 18 18
Doat mm 10 10 10 10 10
G’Odﬂ ° 540 540 54° \E)4_o 540
Axab mm 84 84 84 84 84
Dyan mm 37 37 37 37 37

Ing.Pavel SKUPIN 28.3. 2007



VUES Brno a.s. ROL 770 TNA 783a
Appendix No. 6.6

Basic dimensions of torque motors of ROL series
Type ROL 7701321 7701322 7701323 7701324 7701325
Pole number 132 132 132 132 132
Dm mm 810h7 810h7 810h7 810h7 810h7
De mm 770 770 770 770 770
D mm 690H7 690H7 690H7 690H7 690H7
Dot mm 675h7 675h7 675h7 675h7 675h7
d; mm 650H8 650H8 650H8 650H8 650H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
L mm 110 135 160 185 210
Lok mm 8,8 8,8 8,8 8,8 8,8
Ds mm 786 + 0,1 786 £ 0,1 786 + 0,1 786 + 0,1 786 + 0,1
Mg mm 24 x M8 24 x M8 24 x M8 24 x M8 24 x M8
O ° 15°+ 17 15°+ 17 15°+ 17 15°+ 17 15°+ 17
m mm 13 13 13 13 13
d, mm 664 + 0,1 664 + 0,1 664 + 0,1 664 + 0,1 664 + 0,1
M, mm 24 x M8 24 x M8 24 x M8 24 x M8 24 x M8
o, ° 15°+ 17 15°+ 17 15°+ 17 15°+ 17 15°+ 17
n mm 18 18 18 18 18
Dogti mm 10 10 10 10 10
ot ° 45° 45° 45° 45° 45°
Axab mm 84 84 84 84 84
Dyan mm 37 37 37 37 37

Ing.Pavel SKUPIN 28.3. 2007



VUES Brno a.s.

ROL 880

TNA 783a
Appendix No. 6.7

Basic dimensions of torque motors of ROL series
Type ROL 8801541 8801542 8801543 8801544 8801545
Pole number 154 154 154 154 154
D, mm 920h7 920h7 920h7 920h7 920h7
De mm 880 880 880 880 880
D mm 805H7 805H7 805H7 805H7 805H7
Drot mm 790h7 790h7 790h7 790h7 790h7
d; mm 750H8 750H8 750H8 750H8 750H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
L mm 110 135 160 185 210
Lok mm 8,8 8,8 8,8 8,8 8,8
Ds mm 898+ 0,1 898+ 0,1 898+ 0,1 898+ 0,1 898+ 0,1
M, mm 20 x M10 20 x M10 20 x M10 20 x M10 20 x M10
Qs ° 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’
m mm 15 15 15 15 15
d, mm 771+0,1 771+0,1 771+0,1 771+0,1 771+0,1
M, mm 20 x M10 20 x M10 20 x M10 20 x M10 20 x M10
o ° 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’ 18°+ 1’
n mm 20 20 20 20 20
Doat mm 12 12 12 12 12
Qo ° 54° 54° 54° 54° 54°
Axab mm 84 84 84 84 84
Dyan mm 37 37 37 37 37

Ing.Pavel SKUPIN

28.3. 2007



VUES Brno a.s. ROL 1000 TNA 783a

Appendix No. 6.8

Basic dimensions of torque motors of ROL series
Type ROL 10001761 10001762 10001763 10001764 10001765
Pole number 176 176 176 176 176
D, mm 1040h7 1040h7 1040h7 1040h7 1040h7
De mm 1000 1000 1000 1000 1000
D mm 920H7 920H7 920H7 920H7 920H7
Drot mm 905h7 905h7 905h7 905h7 905h7
d; mm 870H8 870H8 870H8 870H8 870H8
Lre mm 50 75 100 125 150
Le mm 60 85 110 135 160
L mm 110 135 160 185 210
Lok mm 8,8 8,8 8,8 8,8 8,8
Ds mm 1018 £ 0,1 1018 + 0,1 1018 £ 0,1 1018 £ 0,1 1018 £ 0,1
M, mm 24 x M10 24 x M10 24 x M10 24 x M10 24 x M10
Qs ° 15°+ 17 15°+ 17 15°+ 17 15°+ 17 15°+ 17
m mm 15 15 15 15 15
d, mm 888+ 0,1 888+ 0,1 888+ 0,1 888+ 0,1 888+ 0,1
M, mm 24 x M10 24 x M10 24 x M10 24 x M10 24 x M10
o ° 15°+ 17 15°+ 17 15°+ 17 15°+ 17 15° + 17
n mm 20 20 20 20 20
Doat mm 12 12 12 12 12
Qo ° 45° 45° 45° 45° 45°
Axab mm 84 84 84 84 84
Dyan mm 37 37 37 37 37

Ing.Pavel SKUPIN

28.3 2007



VUES Brno a.s.|Instalation of ROL motors for water cooling B11159
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VUES Brno a.s.

Installation of ROL motors for water cooling

TNA 783a
Appendix No. 8

Type Dpl Dvv Lvv Mvv Lplmin

mm mm mm mm mm

ROL 180221 200 F8 12 40 35 70
ROL 180 22 2 200 F8 16 59 38 95
ROL 180 22 3 200 F8 16 84 38 120
ROL 180 22 4 200 F8 16 109 38 145
ROL 180225 200 F8 16 134 38 170
ROL 30044 1 320 F8 12 40 35 72
ROL 300 44 2 320 F8 16 59 38 97
ROL 300 44 3 320 F8 16 84 38 122
ROL 300 44 4 320 F8 16 109 38 147
ROL 300 44 5 320 F8 16 134 38 172
ROL 420 66 1 450 F8 12 40 35 72
ROL 420 66 2 450 F8 16 59 38 97
ROL 420 66 3 450 F8 16 84 38 122
ROL 420 66 4 450 F8 16 109 38 147
ROL 420 66 5 450 F8 16 134 38 172
ROL 53088 1 565 F8 12 40 35 79
ROL 530 88 2 565 F8 16 59 38 104
ROL 53088 3 565 F8 16 84 38 129
ROL 530 88 4 565 F8 16 109 38 154
ROL 53088 5 565 F8 16 134 38 179
ROL 660 110 1 700 F8 12 40 35 79
ROL 660 110 2 700 F8 16 59 38 104
ROL 660 110 3 700 F8 16 84 38 129
ROL 660 110 4 700 F8 16 109 38 154
ROL 660 110 5 700 F8 16 134 38 179
ROL 770132 1 810 F8 12 40 35 79
ROL 770132 2 810 F8 16 59 38 104
ROL 770132 3 810 F8 16 84 38 129
ROL 770132 4 810 F8 16 109 38 154
ROL 7701325 810 F8 16 134 38 179
ROL 880 154 1 920 F8 12 40 35 79
ROL 880 154 2 920 F8 16 59 38 104
ROL 880 154 3 920 F8 16 84 38 129
ROL 880 154 4 920 F8 16 109 38 154
ROL 880 154 5 920 F8 16 134 38 179
ROL 1000 176 1 1040 F8 12 40 35 79
ROL 1000 176 2 1040 F8 16 59 38 104
ROL 1000 176 3 1040 F8 16 84 38 129
ROL 1000 176 4 1040 F8 16 109 38 154
ROL 1000 176 5 1040 F8 16 134 38 179

28.3. 2007

Ing.Skupin
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Design of ROL motors
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Appendix No. 10

B11161

Assembling and transporting fixture

VUES Brno a.s.
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TNA 783a
Appendix No. 11

Rating plate — Example (English version )

'

~
®
( € Made in Europe Aﬁ‘ﬁ
Torque motor PM
Type ROL 530881 D
Torque 425 Nm Speed 150 min™
K2 21,9 Nm/A Cooling IC 06
\_ Serial No. 547 639 Year of prod. 2003 )

Rating plate — Example (German version)

'

( € Made in Europe ﬁﬁﬂﬁj

Torquemotor PM
Typ ROL 180 221 A
Moment 45,3 Nm Drehzahl 200 min™
K2 4,62 Nm/A Kuhlung Wasser
L FN 541 249 Baujahr 2003 )




Torque motors with PM of the type ROL - Standard variants of the winding TNA 783a, Appendix No. 12

Supply voltage : Lpc =560V

TYPE OF

MOTOR Standard variants of the winding

ke [ NM/A ] X A B C D E M F G H K I J L N P R S Q T

<45 | 45 8,5 15 25 30 37 45 50 60 70 90 100 | 120 | 150 | 200 | 250 | 300 | 400 | 500

ROL 180221

ROL 180222

ROL 180223

ROL 180224

ROL 180225

ROL 300441

ROL 300442

ROL 300443

ROL 300444

ROL 300445

ROL 420661

ROL 420662

ROL 420663

ROL 420664

ROL 420665

ROL 530881

ROL 530882

ROL 530883

ROL 530884

ROL 530885

ROL 6601101

ROL 6601102

ROL 6601103

ROL 6601104

ROL 6601105

ROL 7701321

ROL 7701322

ROL 7701323

ROL 7701324

ROL 7701325

ROL 10001761

ROL 10001762

ROL 10001763

ROL 10001764

ROL 10001765
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