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Operating and maintenance norms for pumps type PFE(A), PVPC(A)

These operating and maintenance norms are valid for ATOS pumps type PFE, PFEA, PVPC, PVPCA and are intended to provide useful
information to avoid risks when the pumps are installed in a system.

Information and notes on the transport and storage of the pumps are also provided.

These norms must be strictly observed to avoid damages and to ensure trouble-free operation. The respect of these operating and
maintenance norms grant an increased working life and thus reduced repairing costs of the hydraulic pump and system.
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E SYMBOLS CONVENTIONS
@ This symbol refers to the mandatory notes for ATEX pumps in potentially explosive atmospheres, see tab. A300

A This symbol refers to possible dangers which can cause serious injuries

2| GENERAL NOTES

A The PFE(A) and PVPC(A) operating instructions are a part of the operating instructions for the complete machine but thay cannot replace it

‘ @ These operating instructions must always be kept near the machine where the pump is installed to ensure an easy and fast consultation

Atos is not liable for damages resulting from an incorrect observance of these instructions.
All the hydraulic pumps have 1 year warranty; the expiration of warranty results from the following operations:
- Unauthorized mechanical or electronic interventions
- The hydraulic pumps are not used exclusively for their intended porpose as defined in these operating and maintenance instructions
- Respect the working limits indicated on nameplate and on technical tables:
A005 for PFE(A)-*1, A007 for PFE(A)-*2, A160 for PVPC(A)-* with mechanical controls

E HARMONIZED STANDARDS

The PFEA and PVPCA pumps are suitable for using in environments where the possible risk of explosion comes from the surrounding area for the pre-
sence of flammable substances such as gas, vapor and dust.

Atos PFEA*, PVPCA* pumps are manufactured in accordance with Directive 2014/34/EU (explosive atmosphere directive) in the valid issue and associated technical rules.
For an overall view relevant to application of the European directive in electrohydraulics, see tab. P004

@ PFEA and PVPCA pumps meet the requirements defined in the explosive atmosphere directive 2014/34/EU with reference to following European standards:
EN 13463-1 “Non electrical equipment for potentially explosive atmospheres - Basic method and requirements”

EN 13463-5 “Non electrical equipment for potentially explosive atmospheres - Protection by constructional safety” -c
EN 13463-5 “Non electrical equipment for potentially explosive atmospheres - Protection by control of ignition source” -b
EN 13463-8 “Non electrical equipment for potentially explosive atmospheres - Protection by liquid immersion” -k

The pumps may exclusively be used in areas and zones assigned to the equipments group and category. Also observe the other details about
explosion protection given as follow sections. See section [€] for zones in relation to equipment groups and category.

A Check the code in the nameplate to ensure that the pump is suitable for the installation area

| 4] WORKING CONDITIONS

A The operation of hydraulic pumps is not permitted for operating and environmental conditions different than those below specified

Pumps type PFE PFEA &) PVPC PvPCA &)
Pumps version STD ‘ IPE STD, /PE 17 IPE STD ‘ IPE STD, /PE 17 IPE
Ambient temperature [°C] -20 + +70 -20 + +60 -20++70 -20 = +70 -20 + +60 -20++70
Max inlet fluid temperature [°C] +60 +80 +60 +80 +60 ‘ +80 +60 +80
Surface temperature [°C] / Temperature class - <85/T6 <100/ T5 - <100/T5 <135/T4
Protection degree IP 66

PFE(A)*-*1: 210 bar,
PFE(A)*-*2: from 210 to 300 bar

max at cold start 800 mm?s; max at full power 100 mm?/s;

Max working pressure (1) 250 bar for size 90, 280 bar for all other sizes

Recommended viscosity

during operation 24 mm?/s; min at full power 10 mm?/s

max at cold start 1000 mm?/s; during operation 15-100 mm?/s

Fluid contamination class (see sect. 7.6, 7.7)

ISO 19/16, Filters at 25 pm value with B25 75 recommended

ISO 16/13 Filters at 10 um value with 10 75 recommended

Recommended pressure at inlet port

PFE(A)*-*1: from -0,15 to +1,5 bar for speed up to 1800 rpm;
from 0 to +1,5 bar for speed over 1800 rpm
PFE(A)*-*2: from O to +1,5 bar

from -0,2 to +24 bar

Speed range (1) [rpm]

PFE(A)*-*1: from 800 to 2800 rpm, depending to the size
PFE(A)*-*2: from 800 to 2500 rpm, depending to the size

from 600 to 3000 rpm, depending to the size

(1) max working pressure and speed range must be reduced for /PE versions, see tab. A005 for PFE(A)-*1, A007 for PFE(A)-*2, A160 for PVPC(A)-*
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5] NAMEPLATES

@ Nameplate for PFEA Nameplate for PFE
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® 6 00

Description ® Minimum pump rotation speed in RPM = revolution/min

@ Serial number @ Maximum pump rotation speed in RPM = revolution/min

(@ Pump code Mimimun inlet pressure (PFEA), range inlet pressure (PVPCA)
® Ex112/2 GD cbk IIC T++°C (T*°C) -see sect. [6] (® Maximum working pressure

@ Maximum inlet fluid temperature Maximum ambient temperature

(B Pump shaft rotation direction: clockwise or counterclockwise @ Delivery date

ATEX pumps are CE marked according to ATEX directive (2014/34/EU).

@ ATEX CERTIFICATION

@ The user must define the overall areas of the system into different explosive atmospheres zones in accordance with directive 1999/92/CE.
The table below shows the available installation zones related to the equipment group and category.

Eq;:g:\:nt cat?gory Application, properties Zones
10 2014/34/EU| 2014/34/EU (excerpt from Directives) to 1999/92/CE
I 1G Potentially explosive atmospheres, in which explosive gases, mists or vapors are likely to be present 0.1 2
continuously, for long periods or frequently. Very high level of protection Y
I G Potentially explosive atmospheres, in which explosive gases, mists or vapors are likely to occur occa- 10
sionally. High level of protection '
I 3G Potentially explosive atmospheres, in which explosive gases, mists or vapors are likely to occur for short 2
periods. Normal level of protection
Potentially explosive atmospheres, in which explosive dust/air mixtures are likely to be present conti-
I 1D . A . 20, 21, 22
nuously, for long periods or frequently. Very high level of protection
I 2D Potentially explosive atmospheres, in which explosive dust/air mixtures are likely to occur occasionally. 21 22
High level of protection '
I 3D Potentially explosive atmospheres, in which explosive dust/air mixtures are likely to occur rarely or for short 20
periods. Normal level of protection
Note: the permitted areas for PFEA and PVPCA pumps are evidenced in shaded area
These pumps are suitable for functioning with Hydraulic oil DIN 52524...535, Water glycol, Phosphate esters
PUMP VERSION Group Equipment category Gas group Temperature class Zone
PFEA and PVPCA Il 2GD Ic PFEA T6, PVPCA T5 1,2,21,22
PFEA* /7 |PE and PVPCA* /7 |PE I 2GD IIc PFEA* T5, PVPCA* T4 1,2,21,22

Ex 11 2/2 GD cbk IIC T++°C (T*°C)
GROUP I, Atex certification

Ex = Specific marking for explosion protection

Il = Equipement group (Il = two)

2/2 = Pump category

GD = Explosive atmosphere due to gas vapours and dust

¢ = Protection by constructional safety

b = Protection by control of igniction source

k = Protection by liquid immersion

IIC = Gas group

T=+°C = Max pump surface temperature (+100= T5, +135= T4)
(T*) = Class temperature (T5= +100°C, T4= +135°C)






SAFETY NOTES
- General:

- Before start up make sure that pump is always filled with the working fluid. See section 7.4.

- The pump must not be used with “OUT” port closed; in order to limit the maximum working pressure a relief valve must be installed on the pressure line.
- Make sure that the maximum working conditions shown in section are not exceeded

Consult table POO2 for installation commissioning and maintenance of electrohydraulic system

7.1 Installation position and port orientation
The installation must ensure that the pump remains always filled with the working fluid.

-For PFE(A): The pump can operate in any position, the available orientation of the oil ports is according to the below picture.
At the ordering must be specified the selected orientation.

-For PVPC(A):
e The pumps can be installed in horizontal or in vertical position. In case of vertical position the pump shaft must be oriented upward.
o The drain pipe must be oriented so that the pump body always remains filled with the fluid, specially when not working. For this reason the pump is provi-
ded with 2 drain connections located in opposite side of the body, so that, depending to the pump orientation, the optimal drain piping can be arranged.
o Before the commissioning the pump body must be filled with the working fluid through one of the drain connections.
o The connection with the electric motor must be realized by means of proper elastic coupling.

7.2 Shaft loads
PFE(A): axial and radial loads acting on shaft are not permitted.
PVPC(A): axial and radial loads acting on shaft are permitted, max permissible loads are indicated in the table A160, section [2].
The coupling with the electric motor must be sized to absorb the power peaks.
It is therefore important that the installer / end user takes great care to ensure in the coupling the alignment between the motor and pump shaft

7.3 Shaft rotation
Check direction of shaft rotation (D = clockwise, S = counterclockwaise, viewed from the shaft end) will be the same of the arrow on the nameplate.

7.4 Oil level
Make sure that the pump is always filled with fluid, therefore, the installer / end user has to provide a level meter to verify the presence of fluid inside the
tank. The compliance with this condition implies that the instrument is installed on the tank / pump suction tank and it is always under level.

@ The monitoring of the inlet fluid temperature it is required only when it can reach critical values.
This monitoring should be performed on the surface of the fluid inlet pipe in the immediate proximity of the pump’s suction flange and anyway not more than
one meter far from the flange itself. The monitoring system must operating with a tolerance of -5 °C of the maximum declared value. For example, if the maxi-
mum inlet fluid temperature is 60 °C, the control system must be operating between + 55 °C and + 60 °C.

The sensor used for monitoring the fluid level and the temperature must be ATEX certified and conform to the installation area: the control unit
(PLC) must be certified IPL1 or SIL 1 also.

7.5 Important notes
- A pressure relief valve must be installed on the pressure line near the pump outlet port.

@ - The electric motor to be used for the pump operation must be also certified in compliance with installation zone. The compliance with applicable
norms is extended to all electrical components connected with the installed pump.

- The piping have to be dimensioned according to the max pressure and max flow rate required
- All pipes and surfaces must be cleaned from dirt before mounting

- Make sure that connections are sealed before giving pressure to the system

- Ensure to not exchange the pipe ports when connecting the system

- Ensure that the pump installation allows an easy acces for maintenance purpose

@ - According to EN 1127-1:2008, the maximum surface temperature indicated in the nameplate must be lower than
the following Tmax values:

Gas - Tmax= max value (80% of gas ignition temperature)
Dust - Tmax = dust ignition tempeature - 75°C

- Make sure that the pump is suitable for the use in the designated installation area, on the base of the zone classifica-
tion according to the Directive 1999/92/CE and to the type of flammable atmosphere (gas, vapor, dust).

- The fluid ignition temperature must be 50K greater than the maximum surface temperature indicated in the nameplate
- The maximum operating pressure and minimum inlet pressure are indicated on pump’s nameplate
- The pump must be connected to ground using the ground facility (screw M3x5) provided on the pump body and evi-

Ground connection

denced with grounding nameplate.
- The pump’s body and the electric motor, or other devices used to driving the pump, must be connected at the same

electric equipotential level. Grounding nameplate
- Pumps PVPCA with control devices type CH are equipped with Explosion-proof solenoid valves (assembled to the pump

body certified according to ATEX 2014/34/EU.
- Pumps PVPCA with control devices type LW are equipped with a device to achieve a constant power set in the factory at a specific power value required

by customer. To avoid a changing of the control setting the regulating screw will be protected with red paint and this operation (carried out in a factory)
will be indicates in the maintenance and using manual also.

7.6 Hydraulic fluids and operating viscosity range
Recommended mineral oils type HLP having high viscosity index.

@ Ensure to use hydraulic fluids compatible with the selected seals
Make sure that the hydraulic fluid is compatible with gas and dust present in the application: in case of doubts contact ATOS.

The type of fluid has to be selected in consideration of the effective working temperature range, so that the fluid viscosity remains at the optimal level.
To ensure the best efficiency and working life, the fluid viscosity should be selected in the range 15 to 36 mm?/s at the effective working temperature.
Note: the temperature of the fluid contained in the pump body (drain line) is always higher than the tank temperature, specially if the pump is working for
long time in null flow conditions and at high pressure
Fluid viscosity limits:
- 10 mm?/s for short periods at max fluid temperature on drain line
- 1000 mm?/s for short period at cold start-up (800 mm2/sec for PVPC(A))

7.7 Filtration

The correct fluid filtration ensures a long service life of the pump and it prevent anomalous wearing which can cause loss of efficiency and increment of noise level.
The recommended class for the best pump operation and endurance should be equal or better than ISO 19/16 (NAS 1638 class 10) for PFE(A) and ISO 16/13
(NAS 1638 class 7) for PVPC(A)

A 150 microns suction filter is suggested on the pumps inlet port to avoid that big contaminants as part of rubber pips, metallic burrs, etc, can be get into the pump.
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MAINTENANCE

A Maintenance must be carried out only by qualified personnel with a specific knowledge of hydraulics and electrohydraulics

8.1 Ordinary Maintenance

- The pump does not require other maintenance operations except for bearing and front shaft seal, according to the following schedule which is strictly
mandatory for PFEA and PVPCA, and suggested for PFE and PVPC:

PFE(A) must be replaced after reaching 58000 working hours.

PVPC(A) without radial loads must be replaced after reaching 58000 working hours.

In presence of radial loads (permitted only for PVPC(A)) the following maintenance schedule must be considerated:
PVPC(A)-3029 must be replaced after reaching 4100 working hours.

PVPC(A)-4046 must be replaced after reaching 6500 working hours.

PVPC(A)-5073 must be replaced after reaching 8000 working hours.

PVPC(A)-5090 must be replaced after reaching 4700 working hours.

- When mounting bearings and front seal, observe the correct position as indicated in the drawing below. Any bad positioning can result in oil leakages
- Results of maintenance and inspection must be planned and documented
- Follow the maintenance instructions of the fluid manufacturer

- Any preventive maintenance should be performed only by experienced personnel authorized by ATOS.

- Cleaning the external surfaces using a wet cloth to avoid accumulation of dust layer over 5 mm

- Don’t use compressed air for cleaning to avoid any dangerous dust dispersion on the surrounding atmosphere

- Any sudden increment in temperature requires the immediate stop of the system and the inspection of the relevant components

@ Front seal
(@ Bearings

PVPC(A)

PFE(A)

8.2 Repairing

Before beginning any repairing activity, the following guidelines must be observed:

- Unauthorized opening of the pump during the warranty period invalidates the warranty

- Be sure to use only original spare parts manufactured or supplied by ATOS factory

- Provide all the required tools to make the repair operations safely and to don’t damage the components
- Read and follow all the safety notes given in section

- Ensure that the pump is well locked to the motors bell

‘@ - Any repairing must be performed only by experienced personnel authorized by ATOS.

@ TRANSPORT AND STORAGE

9.1 Transport

Observe the following guidelines for transportation of pumps:

- Hydraulic pumps should be transported using a forklift or a lifting gear ensuring a stable position of the pump
- Use soft lifting belts to move or lift the pumps in order to avoid damages

- Before any movement check the pumps weight specified on technical tables indicated in section [2] (due to tolerances, the weight may be 10% grater
than the values specified in the technical table)

9.2 Storage

PFE(A) corrosion protection is achieved with zinc phosphating: this treatment protect the pump to grant a storage period up to 12 months.
PVPC(A) corrosion protection is achieved with trasparent oil film

Additionally all pumps are tested with mineral oil OSO 46; the oil film left after testing ensure the internal corrosion protection.

A In case of storage period longer than 12 months please contact our technical office

Anyway when a storage in the open air is foreseen, ensure that pumps are well protected against water and humidity
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Sizing criteria for cylinders and servocylinders

SWC Cylinders Designer

SWC is a smart software for fast and efficient design of Atos hydraulic Cylinders & Servocylinders, available for download at www.atos.com
in 4 languages: English, Italian, French, German. The codes’ assisted selection and the cylinder’s sizing module drive the user to identify the best
solution for any application. The 3D tool permits then to include the cylinder’'s model into machines or systems overall mechanical design.

Main SWC features:

¢ 2D cylinder with overall dimensions in DXF format

® 3D cylinder visualization & file export in IGES, SAT and STEP formats

¢ Cylinder’s sizing module to check the buckling load, the cushioning effects and the cylinder expected working life
e Specific technical documentation and spare parts tables

e Trolley function for offer requests, orders, bill of materials, etc

HYDRAULIC FORCES AND DYNAMIC LIMITS

2.1 Hydraulic forces Symbols
To ensure the correct cylinder functioning it is necessary to check that the hydraulic force Fp is upper
than the algebraic sum of all the counteracting forces acting on the cylinder: Vi R A -~
Vi
i —— e 4
m D
Frare the friction forces of the system, m-a the inertial forces and m-g the weight force (only for ver- fa | pd
tical loads). For gravity acceleration consider g = 9,8 m/s2 L h2 h1
For Fp values refers to section , otherwise Fp, Ay, A, and speed V can be calculated as follow:
Hydraulic force Pushing area
Fp = |p1-A1—p2-A2|-1O [N] A= n-D? [cm?] Vinaxt-
4+100 =
Q
. . QAmax
Cylinder speed Pulling area ;’.}_ L —
10-Q [ m ] L(D*-d?)
V = —= |=a& AT P-9d) 2
A-60 Lsec =00 o™ e o Time
i tun -
2.2 Dynamic limits due to oil elasticity f -
The calculation of the pulsing value wo of the cylinder-mass system allows to define the minimum Quantit Unit Symbol
accleration/deceleration time tmin, the max. speed Vmax and the min. acceleration/deceleration Yy Y
space Smin to not affect the functional stability of the system. Calculate o, tmin, Vmax and Smin with Force N Fo
the below formulas. Flexible piping or long distances between the directional valve and the cylinder Pressure bar P
may affect the stiffness of the system, thus the calculated values may not be reliable. Section cm? A
7 Bore size mm D
. 14+ (52 35 Rod diameter mm d
W = 40-E-A " NA [@] tmn = —— [s] Cylinder stroke mm c
0 c'm 2 S o Flow rate I/min Q
Speed m/s \Y%
c Vmax e tmin Acceleration m/s? a
Vmax = ———  [mm/s] Smin= ———  [mm] Load mass kg m
ttot - tmin 2 Oil modulus of elasticity | kg/cm-s? E
Total time at disposal s tiot

Note: for mineral oil consider E = 1,4¢10” kg/cm-s?

SIZING

The table below reports the push/pull sections and forces for three different working pressures.

Once the push/pull forces are known, the size of the hydraulic cylinder can be choosen from the table below. The values have been determined using the
formulas in section [2].

PULL FORCE [kN]
Bore [mm] 25 32 40 50 63 80 100
Rod [mm] 12 ] 18| 14| 22] 18] 2228 |22 [ 28|36 |28]36]45 |36 |45 | 56 | 45 | 56 | 70
A,Pulling area [cm?] | 38 | 24 | 65 | 42 | 100 | 88 | 64 | 158 135 | 95 | 250 | 21,0 | 153 | 40,1 | 34,4 | 25,6 | 62,6 | 53,9 | 40,1
p=100bar| 38 | 24 | 65 | 42 | 100 88 | 64 | 158|135 | 95 | 250 21,0 153 | 40,1 | 34,4 | 25,6 | 62,6 | 539 | 40,1
P“'['kao]rce p=160bar| 60 | 38 | 104 | 68 | 160 140 103 | 253 | 21,6 | 15,1 | 40,0 | 33,6 | 24,4 | 64,1 | 65,0 | 41,0 |100.2| 86,3 | 64,1
p=250bar | 9.4 | 59 | 163|106 | 251219 ] 16 |39,6 | 337|236 | 625|525 |382[1002 859 | 64,1 |156,6]134,8]100,1

Bore [mm] 125 140 160 180 200 250 320 400

Rod [mm] 56 70 90 90 70 90 110 | 110 90 110 | 140 | 140 | 180 | 180 | 220 | 220 | 280
A, Pulling area [cm?] 98,1 | 84,2 | 59,1 | 90,3 | 162,6 | 137,4 | 106,0 | 159,4 | 250,5 | 219,1 | 160,2 | 336,9 | 236,4 | 549,8 | 424,1 | 876,5 | 640,9
p=100 bar | 98,1 | 84,2 | 59,1 | 90,3 | 162,6 | 137,4 | 106,0 | 159,4 | 250,5 | 219,1 | 160,2 | 336,9 | 236,4 | 549,8 | 424,1 | 876,5 | 640,9
p=160 bar | 166,9|134,8 | 94,6 | 144,6| 260,1 | 219,9 | 169,6 | 255,1 | 400,9 | 350,6 | 256,4 | 539,1 | 378,2 | 879,6 | 678,6 |1.402,4|1.025,4
p=250 bar | 245,2| 210,6 | 147,8 | 225,8 | 406,4 | 343,6 | 265,1 | 398,6 | 626,4 | 547,8 | 400,6 | 842,3 | 591,0 {1.374,4/1.060,3|2.191,3|1.602,2

Pull force
[kN]

PUSH FORCE [kN]
Bore [mm] 25 32 40 50 63 80 | 100 | 125 | 140 | 160 | 180 | 200 | 250 | 320 | 400

A, Pushing area [cm?] | 4,9 | 80 | 126 | 196 | 31,2 | 603 | 785 | 1227 | 15639 | 201,1 | 2545 | 3142 | 490,9 | 804,2 |1.256,6
p=100bar| 49 | 80 | 126 | 196 | 31,2 | 503 | 785 | 122,7 | 1539 | 2011 | 2545 | 3142 | 490,9 | 804.2 |1.256,6
P“s[iliﬁme p=160bar| 7.9 | 129 | 201 | 31,4 | 499 | 80,4 | 1257 | 1963 | 246,3 | 321,7 | 407,2 | 502,7 | 7854 |1.286,8/2.010,6
p=250bar | 12,3 | 20,1 | 31,4 | 49,1 | 77,9 | 1257 | 196,3 | 306,8 | 384,8 | 502,7 | 636,2 | 785,4 |1.227,2|2.010,6|3.141,6
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CHOICE OF THE CYLINDER SERIES

SERIES CK/CH - tab. B137 - B140 to ISO 6020-2

- Nominal pressure 16 MPa (160 bar) - max. 25 MPa (250 bar)
- Bore sizes from 25 to 200 mm
- Rod diameters from 12 to 140 mm

SERIES CH BIG BORE SIZE - tab. B160 to ISO 6020-3

- Nominal pressure 16 MPa (160 bar) - max. 25 MPa (250 bar)
- Bore sizes from 250 to 400 mm
- Rod diameters from 140 to 220 mm

SERIES CN - tab. B180 to ISO 6020-1

- Nominal pressure 16 MPa (160 bar) - max. 25 MPa (250 bar)
- Bore sizes from 50 to 200 mm
- Rod diameters from 28 to 140 mm

SERIES CC - tab. B241 to ISO 6022

- Nominal pressure 25 MPa (250 bar) - max. 32 MPa (320 bar)
- Bore sizes from 50 to 320 mm
- Rod diameters from 36 to 220 mm

CHECK OF THE BUCKLING LOAD
5.1 Calculation of the ideal lenght

Rod end - For cylinders working with push loads, the
Style connection Type of mounting Fc buckling load’s checking has to be conside-
- red before choosing the rod size. This check
AT\\E\/KY'\Z‘ r\g':ilc;(;dgi?dded BEH%E 0,5 is performed considering the fully extended
o cylinder as a bar having the same diameter
AEKN,| Pivoted and 07 of the cylinder rod (safety criteria):
TWY,Z| rigidly guided El ;§ '
gy 1. determine the stroke factor “Fc” depen-
Fixed and ding to the mounting style and to the rod end
B.PV rigidly guided 1.0 connection, see table at side
5 Pivoted and 10 2 calculate the “ideal lenght” from the equa-
rigidly guided ' tion:
ideal length = Fc x stroke [mm]
Pivoted and
BPVLT gidly guided % E'% ?E § 1.5 If a spacer has been selected, the spacer’s
length must be added to the stroke
AEKN,| Supported but % 20
T.W,Y,Z |not rigidly guided ’ 3. calculate the Fp push force as indicated in
b dand section or using the formulae indicated in
C, D, ivoted an section [2
H'S rigidly guided M 2.0
S db 4. obtain the point of intersection between
B, P,V upporte ; ut 4,0 the push force and the ideal length using the
not rigidly guided rod selection chart 5.2
% DS n;urppg‘rted %J;d m 4,0 5. obtain the minimum rod diameter from the
' igicly gul curved line above the point of intersection
5.2 Rod selection chart
10.000 ~eC -
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E PREDICTION OF THE EXPECTED CYLINDER’S MECHANICAL WORKING LIFE

The rod thread is the cylinder's max critical part, thus the expected cylinder’s working life can be evaluated by the prediction of the expected rod thread fatigue
life. The fatigue rod fractures take place suddenly and without any warning, thus it is always recommended to check if the rod is subject to fatigue stress (not
necessary if the cylinder works with push loads) and thus if the expected rod threads fatigue life may become an issue in relation to the required cylinder
working life. The charts below do not include the rods which are fatigue-free for working pressures over 250 bar. The curves are referred to ideal working condi-
tions and do not take into account misalignments and transversal loads that could decrease the predicted life cycles. The charts are intended valids for all the
cylinders and servocylinders series with standard materials and sizes (section 6.2) or option K “Nickel and chrome plating” rods (section 6.3). For the evaluation
of the expected fatigue life of stainless steel rods (CNX series), contact our technical office. For double rod executions the mechanical working life calculation
does not apply to secondary rods since the thread is weaker than the primary rods.

6.1 Mechanical working life calculation procedure

1. Identify the curve of proper rods fatigue life graph according to the selected bore/rod size and rod treatment. Fatigue-free bore/rod couplings are not
included in the graphs.

2. Intersect the working pressure with the curve corresponding to the rod under investigation and determine the expected rod life cycles. If the calculated
rod fatigue life is lower than 500.000 cycles a careful analysis of our technical office is suggested.

6.2 Rods fatigue life charts for standard rod

Rods fatigue life for bore sizes from 25 to 100 mm
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Rod life cycles - log scale

Rods fatigue life for bore sizes from 125 to 400 mm
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Rod life cycles - log scale

Note: the curves are labelled according to the bore/rod size. The light male thread (option H) is indicated by the “H” after the rod
Example: label 125/90 H means bore = 125 mm, rod = 90 mm and rod with option H
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6.3 Rods fatigue life charts for Nickel and Chrome plating rod (option K)

Rods fatigue life for bore sizes from 32 to 200 mm
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Note: the curves are labelled according to the bore/rod size

CHECK OF THE HYDRAULIC CUSHIONING
7.1 Functioning features

Hydraulic cushionings act as “dumpers” to dissipate the energy of a mass connected to the rod
and directed towards the cylinder stroke-ends, reducing its velocity before the mechanical contact,
thus avoiding mechanical shocks that could reduce the average life of the cylinder and of the entire
system.

Cushioning proves to be effective as much as the pressure inside the cushioning chamber gets
close to the ideal profile described in the diagram at side. The diagram compares the ideal profile
with typical cylinders real pressure profile.

7.2 Application features

The following guidelines refer to CK, CH, CN and CC cylinders: for CH big bore sizes, contact our
technical office. In order to optimize the performances of cushioning in different applications, three
different cushioning versions have been developed:

- slow version, with cushioning adjustment, for speed V<0,5« Vmax
- fast version, without adjustment, for speed V> 0,5« Vmax
- fast version, with cushioning adjustment, for speed V> 0,5« Vmax

Adjustable cushionings are provided with needle valve to optimize the cushioning performances.
The maximum permitted speed value Vmax depends to the cylinder size, see table below.

”[rEﬂ‘%r]e 25 32 40 50 63 80 100 125 160 200
m;x] 1 1 1 1 08 08 06 06 05 05

7.3 Max energy calculation procedure
Check the max energy that can be absorbed by the selected cushioning as follow:
1. calculate the energy to be dissipated E by the algrebraic sum of the kinetic energy Ec and the
potential energy Ep (for horizontal applications the potential energy is: Ep = 0)
E=Ec + Ep
- Ec (kinetic energy) due to the mass speed

Ec=1/2+« M« V? [Joule]

- Ep (potential energy) due to the gravity and related to the cylinder inclination angle a as shown at side

For front cushioning: For rear cushioning:

Ep=-LfeMegesena [joule] Ep=+ LfeM+gesena [Joule]
1000 1000
2. identify the proper cushionings chart depending to the rod type, the cushioning side (front or
rear), and the cylinder series (section 7.4 for CK, CH, CN cylinders or section 7.5 for CC cylinders)

3. intersect the working pressure with the proper bore/rod size curve and extract the corresponding
Emax value

4. compare the Emax value with the energy to be dissipated E and verify that:

5. for critical applications with high speed and short cushioning strokes an accurate cushioning
evaluation is warmly suggested, contact our technical office

Pressure in the cushioning chamber

— Real
— ldeal

Pressure

Stroke-end
[ ]

Stroke

Speed during cushioning

— Soft
—— Violent

Speed

Stroke

Symbols

Stroke-end
[ ]

E = energy to be dissipated
Emax = energy max dissipable
M = mass

V =rod speed

Lf = cushioning length

(see section[12of tables B137, B140)
g = acceleration of gravity
consider g=9,81 m/s?

o = inclination angle

[J]
[kl
[m/s]
[mm]

[m/s?]






7.4 Cushionings charts for CK - CH - CN cylinders

Front cushionings - standard rods
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Front cushionings - intermediate & differential rods
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Rear cushionings
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Notes:
- the front cushionings graphs are labelled according to the bore/rod size, the rear cushionings graph is labelled according to the bore size
- the curves are intended valid for mineral oil ISO 46 and a fluid temperature of 40-50 °C: the use of water or water-based fluids and higher/lower tempe-
ratures can affect the cushioning performance because of high viscosity variations respect to standard mineral oil
- for adjustable versions the E,,, value is referred to cushioning cartridge fully closed, the max energy to be dissipated may be increased opening the
cushioning cartridge, thus reducing the max pressure reached in the cushioning chamber
- the cushionings charts have been determined with 250 bar maximum pressure admitted in the cushioning chamber
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7.5 Cushionings charts for CC cylinders

Front cushionings
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Working pressure [bar]

Notes:

- the front cushionings graphs are labelled according to the bore/rod size, the rear cushionings graph is labelled according to the bore size

- the curves are intended valid for mineral oil ISO 46 and a fluid temperature of 40-50 °C: the use of water or water-based fluids and higher/lower tempe-
ratures can affect the cushioning performance because of high viscosity variations respect to standard mineral oil

- for adjustable versions the E,,, value is referred to cushioning cartridge fully closed, the max energy to be dissipated may be increased opening the
cushioning cartridge, thus reducing the max pressure reached in the cushioning chamber

- the cushionings charts have been determined with 320 bar maximum pressure admitted in the cushioning chamber
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SEALING FRICTION AND IN / OUT SPEED RATIO 8.4 Friction charts - C parameter vs speed

Basic sealing performances reported in the cylinders tech- 500
nical tables are not sufficient for a comprehensive evalua- G1
tion of the sealing system, the following sections report 450
additional verifications about minimum in/out rod speed
ratio, static and dynamic sealing friction. 400
8.1 In/ out speed ratio 350
Applications with low infout rod speed ratio may involve 300
leakages caused by partial “back pumping” of the oil trap-
ped between the rod seals, thus it is recommended to C 250 G8 —
check the correct back pumping with the diagram repor- \ oG
ted below. 200 GeG7_
/
1. Determine the infout speed ratio R of the cylinder 180 _—
p Yy \/ [ //
— Vin — QZ 'Al 1 \ //
Vour Az Q4 50
2. Intersect the working pressure with the curve below and 0
extract the corresponding Rmin value admitted 0 0,05 0,1 0,15 0.2 0,25 03 0,35 0,4 0,45 0.5
Speed [m/s
250 peed [m/s]
5 00 8.5 Friction charts - A parameter vs pressure
2 Partial back pumping
o Possible leakages SEALING G1
5 16
s 14 —
o 100 L —
£ Total back pumping — __EE_,,
5 No leakages 12
= 50 9 ///
T — L — 125
—
0 L 100
0,2 0,4 06 08 1 1.2 A 8 — |
Rmin /// 80
, e ————— [ ——
3. Verify that 6 I — 250-;334*
4
If the equation above is not verified contact our technical office
2
8.2 Static and dynamic sealing friction o

Sealing systems may affect the smooth rod motion, thus 0 20 40 60 80 100 120 140 160
the assessment of the sealing friction forces is recommen- Worki b
ded in several applications like : orking pressure [bar]
SEALING G2 - G4 - G6 - G7
e Servoactuators with closed loop control 16
e Servocylinders where high accuracy in rod positioning
is required 200
e Cylinders with low speeds (<0,05 m/s)
e | ow pressure hydraulic systems ( <10 bar) where sea-
ling friction forces may have significant influence 12 160

The following sections allow to calculate both static and 10 125
dynamic sealing friction according to the sealing system
selected for CK, CH and CK* servocylinders. A s — |

8.3 Sealing friction calculation procedure 6

50-63
Calculate the dynamic sealing friction as follow: —

25-32-40

1. Intersect the speed with the proper curve depending to
the sealing system from the chart in section 8.4. 2

N

. Extract the corresponding C value

60 80 100 120 140 160

w

Identify the proper diagram according to the sealing 0 20 40
system (section 8.5) Working pressure [bar]

4. Intersect the working pressure with the curve depen- SEALING G8
ding to the Bore size. 16

(92

. Extract the corresponding A value

Fs=A-(D+d)+C [N]
considering D= Bore size [mm]; d= Rod size [mm] 12

200

(2]

Calculate the static sealing friction as follow: 160

1. Extract the C value corresponding to speed V =0 m/s in L — 125

the chart in section 8.4 A 8

100
80 —]

N

Identify the proper diagram according to the sealing
system (section 8.5)

WA

50-63
. Intersect the working pressure with the curve depen- 4 — 5300
ding to the Bore size. — |

w

»

Extract the corresponding A value

[$2]

Fgs=A (D+d)+C [N] 0
considering D= Bore size [mm]; d= Rod size [mm] 0 20 40 60 80 100 120 140 160
Working pressure [bar]

06/17
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at@g A www.atos.com Table B600-8/E

Operating and maintenance norms for cylinders and servocylinders

These operating and maintenance norms are valid only for Atos hydraulic cylinders and are intended to provide useful information and
to avoid risks when hydraulic cylinders are installed in a machine or a system. Information and notes on the transport and storage of
hydraulic cylinders are also provided.

These norms must be strictly observed to avoid damages and ensure trouble-free operation. The respect of these operating and main-
tenance norms ensures an increased working life and thus reduced repairing cost of the hydraulic cylinders and system.

Index

SYMBOL CONVENTIONS
GENERAL NOTES
HARMONIZED STANDARDS
WORKING CONDITIONS
NAMEPLATES

[6] CE MARKING

ATEX CERTIFICATION
SAFETY NOTES

[9] MAINTENANCE
TRANSPORT AND STORAGE

(1] SYMBOLS CONVENTIONS

@ This symbol refers to additional notes mandatories for ATEX cylinders in potentially explosive atmospheres, see tab. BX400

A This symbol refers to possible danger which can cause serious injuries

| 2| GENERAL NOTES

A The cylinder operating instructions are a part of the operating instructions for the complete machine but they cannot replace it

‘@ These operating instructions must always be kept near the machine where the cylinder is installed to ensure an easy and fast consultation

Atos is not liable for damages resulting from an incorrect observance of these instructions.

All the hydraulic cylinders have 1 year warranty; the expiration of warranty results from the following operations:

- Unauthorised mechanical or electronic interventions

- The hydraulic cylinders are not used exclusively for their intended purpose as defined in these operating and maintenance instructions

[ 3| HARMONIZED STANDARDS

Hydraulic cylinders are subject to PED directive 2014/68/UE, see sec. [6] for details. Machinery Directive 2006/42/CE does not apply to hydraulic cylinders.
For an overall view relevant to application of the European directive in electrohydraulics, see www.atos.com, catalog on line page, section P, tab. P004

@ CKA cylinders meet the requirements laid down in the Explosion protection directive 2014/34/EU with reference to European standards docu-
mentations:
EN 13463-1 “Non electrical equipment for potentially explosive atmospheres - Basic method and requirements”
EN 13463-5- ¢ “Non electrical equipment for potentially explosive atmospheres - Protection by constructional safety”
EN 13463-8- k “Non electrical equipment for potentially explosive atmospheres - Protection by liquid immersion”

The hydraulic cylinder must be exclusively used in areas andnes assigned to the equipment group and category. Also observe the other
details about explosion protection given as follow. See section 7] for zones in relation to equipment groups and category.

A Check the code in the nameplate to ensure that the hydraulic cylinder is suitable for the installation area

[ 4] WORKING CONDITIONS

A The operation of hydraulic cylinders is not permitted at different operating and environmental conditions than those specified below

Description CK, CK*, CH,CN cc CKA, CKMA

Ambient temperature -20 + +120°C -20 + +120°C -20 + +70°C

Fluid temperature -20 + +120°C -20 + +120°C -20 + +70°C (T6) -20 + +120°C (T4) for seals type G2 (1)
Max surface temperature - - = +85°C (T6) = +135 °C (T4) for seals type G2 (1)
Max working pressure 16 MPa (160 bar) 25 MPa (160 bar) 16 MPa (160 bar)

Max pressure 25 MPa (250 bar) 32 MPa (320 bar) 25 MPa (250 bar)

Max frequency 5Hz 5Hz 5Hz

Max speed 4 m/s 1m/s 0,5 m/s for seals type G1
Recommended viscosity 15 + 100 mm?/s

Fluid contamination class according to ISO 4406 | 1SO 19/16 (achievable with in-line filters at 25 pm)

Note: (1) Cylinders with seals type G2 may also be certified T6 limiting the max fluid temperature to 70°C
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5] NAMEPLATES

&
O
@

Nameplate 1 - Standard

—C€
r6—42/08

12

= =Y

www.atos.com

O
CK-80/36*1360-N041--B2X2

-32 03685071
AAPROVED 1SO 10100-ISO 440611 8/15

Nameplate 1 - Standard (2)

&) Nameplate 2 - ATEX (1)(2)

Nameplate 2 - ATEX
2/2

(o)
Serial N° t
w52
- www.atos.com &
— CE& 126D ck ICT85°C(T6)
[ [ imax+70°C

TOV 09 ATEX 366333

Working conditions - legend

Pos. Description
@ |Delivery date
®@ |Cylinder code
® |Series number
@ | Customer code (only if requested)
® | CE mark (see section [6] )

Pos. Description Sym. Meaning
@ | Cylinder serial number Tfmax | Max fluid temperature
® | Marking according to ATEX directive Pmax | Max pressure
® | Working limit conditions Tamb | Ambient temperature
@ | Notified body and certified number fmax | Max frequency

Notes: (1) ATEX cylinders are supplied with 2 nameplates: standard and ATEX
(2) The position of the nameplate on the rear or front heads can change due to the cylinder overall dimensions

(6] CEMARKING

Hydraulic cylinders are considered as pressure vessels and thus they are subject to the PED directive (2014/68/UE), point 1 a) of article 4. Particularly
they are designed to be used with fluids of group 2 (oil hydraulic fluids) and they have to be marked if the product Pmax x V (Volume under pressure)
is higher than 10.000 bar x liter. Tables below show the minimum stroke over which the cylinders have to be CE marked. ATEX cylinders are CE
marked according to ATEX directive (2014/34/EU).

Cylinders CK, CH and CN - Pmax = 250 bar Cylinders CC - Pmax = 320 bar
Stroke min [mm] Stroke min [mm]
Bore [mm] Rod [mm] single rod double rod Bore [mm] Rod [mm] single rod double rod
56 4075
125 70 3255 4745 100 0 3975 5000
90 5000 125 90 2545 5000
70 2460
160 90 1985 2910 140 90 2030 8455
110 3770 160 110 1550 2945
90 1595
200 140 1270 2495 180 110 1225 1960
250 140 810 1185 200 140 990 1950
250 180 635 1320
320 180 495 725 320 220 385 735
400 220 315 455 400 280 245 485

ATEX CERTIFICATION

&

The user must define the overall areas of the system into different explosive atmospheres zones in accordance with directive 1999/92/CE. The
table below shows the available installation zones related to the equipment group and category.

Eq::zum:nt Category Application, properties Zones
10 2014/34/EU to 2014/34/EU (exerpt from Directives) to 1999/92/CE
Potentially explosive atmospheres, in which explosive gases, mists or vapors are likely to be present
I 1G h . R y 0,1,2
continuously, for long periods or frequently. Very high level of protection
I oG Potentially explosive atmospheres, in which explosive gases, mists or vapors are likely to occur 10
occasionally. High level of protection ’
Potentially explosive atmospheres, in which explosive gases, mists or vapors are likely to occur for
Il 3G ; . 2
short periods. Normal level of protection
Potentially explosive atmospheres, in which explosive dust/air mixtures are likely to be present conti-
Il 1D . . . 20, 21, 22
nuously, for long periods or frequently. Very high level of protection
Potentially explosive atmospheres, in which explosive dust/air mixtures are likely to occur occasional-|
Il 2D . . 21,22
ly. High level of protection
Potentially explosive atmospheres, in which explosive dust/air mixtures are likely to occur rarely or for
Il 3D ; A 22
short periods. Normal level of protection

Note: the permitted areas for the installation of Atos cylinders are keynoted in grey color

A The cylinder group and category may change when rod position transducers or proximity sensors are provided, see table below and
tab. BX400. For details about certification and safety notes consult the user’s guides included in the supply

. Equipment
Cylinder type Group category Gas group Temperature class Zone
CKA Il 2GD Ic T85°C(T6) / T135°C(T4) 1,2,21,22
GAS Il 2G B T6 1,2
CKA with ex-proof rod position transducer
DUST Il 3D T85°C 22
CKA with ex-proof proximity sensors 1] 3G ] T4 2

IIC = Gas group

Ex 11 2GD ck lIC T85°C(T6)

GROUP I, Atex certification

Ex = Equipment for explosive atmospheres

Il = Group |l for surface plants

2 = High protection (equipment category)

GD = For gas, vapours and dust

¢,k = Protection by contructional safety and by liquid immersion

T85°C / T135°C = Surface temperature class for dust

T6/T4 = Surface temperature class for gas

Zone 1 (gas) and 21 (dust) = Possibility of explosive atmospheres during normal functioning
Zone 2 (gas) and 22 (dust) = Low probability of explosive atmospheres






SAFETY NOTES

8.1 General

- The presence of cushioning can lead to a pick of pressure that can reduce the cylinder working life, ensure that the dissipated energy is less than the
max value reported in tab. BO15

- Make sure that the maximum working conditions, shown in section [4], are not exceeded
- Ensure to use hydraulic fluids compatible with the selected sealing system, see tab. B137, B140, B160, B180, B241, B310 and BX400

- The rod must be handled with care to prevent damages on the surface coating which can deteriorate the sealing system and lead to the corrosion of the
basic material

- The mounting screws must be free from shearing stress

- Transverse forces on the rods must always be avoided

- When the cylinder has to drive a rotating structure or where little alignment errors are expected, mounting style with spherical bearing should be used
- Contact surfaces, support elements in tolerance, elastic materials and labels must be covered before painting the cylinder

8.2 Proximity sensors

- Proximity sensors are supplied already adjusted, if other regulations are necessary see tab. B137 or contact our technical office
- Ensure not to remove the sensor while the cylinder is under pressure

- The connectors must never be plugged or unplugged when the power supply is switched-on

8.3 Position measuring system

- Position transducers must never be removed, if not otherwise specified in tab. B310, while the cylinder is under pressure
- Observe the information provided in tab. B310 for the electronic connections

- The connectors must never be plugged or unplugged when the power supply is switched-on

8.4 Installation

- Consult tab. P002 for installation, commissioning and maintenance of electrohydraulic system

- The piping have to be dimensioned according to the max pressure and max flow rate required

- All pipes and surfaces must be cleaned from dirt before mounting

- Remove all plug screws and covers before mounting

- Make sure that connections are sealed before giving pressure to the system

- Ensure to not exchange the pipe ports when connecting the cylinders

- Bleed-off the system or the hydraulic cylinder using the proper device, see the technical data sheet for details

- Ensure that the cylinder mounting allow easy of acces for the purpose of maintenance and the adjustment of cushioning

@ - The max surface temperature indicated in the nameplate must be lower than the following values:
GAS - 80% of gas ignition temperature
DUST - max value between dust ignition temperature - 75°C and 2/3 of dust ignition temperature

- The ignition temperature of the fluid must be 50°C greater than the maximum surface temperature indicated in the
nameplate

- The cylinder must be grounded using the threaded hole on the rear head, evidenced by the nameplate with ground
symbol. The hydraulic cylinder must be put at the same electric potential of the machine

A For details about ex-proof proximity sensors or position transducer refer to the user’s guide included in the
supply

|9 MAINTENANCE
A Maintenance must be carried out only by qualified personnel with a specific knowledge of hydraulics and electrohydraulics

9.1 Preliminary check and ordinary maintenance

Atos hydraulic cylinders don’t require any maintenance after commissioning. Anyway it is recommended to take into account the following remarks:
- Results of maintenance and inspection must be planned and documented

- Check oil escaping from oil ports or leakages at the cylinder heads

- Check for damages of the chromeplated surface of the rod: damages may indicate oil contamination or the presence of excessive transverse load
- Determine lubricating intervals for spherical clevises, trunnion and all parts not self-lubricated

- The rod should always be retracted during long stop of the machine or system

- Remove any salt, machining residuals or other dirt cumulated on the rod surface

- Follow the maintenance instructions of the fluid manufacturer

@ - Any planned maintenance must be performed only by experienced personnel, authorized by Atos
- Ordinary maintenance of the cylinder consist of cleaning of the external surfaces using a wet cloth to avoid accumulation of dust layer > 5 mm
- Do not use compressed air for cleaning to avoid any dangerous dust dispersion on the surrounding atmosphere
- Any sudden increment in temperature requires immediate stop of the system and inspection of the relevant components

9.2 Repairing

Before beginning any repairing observe the following guidelines:

- Unauthorized opening of the cylinder during the warranty period results in the warranty expiration

- Be sure to use only original spare parts manufactured or supplied by Atos

- Provide all the required tools to make the repair operations safely and not damage the components

- Read and follow all the safety notes given in section

- Ensure that the cylinder is well locked before beginning any operation

- Disassembly or assembly the cylinder with the right order as indicated in section 9.3

- When mounting rod or piston guides and seals observe the correct position as indicated in section 9.4. Any bad positioning can result in oil leakages
- It is strongly recommended the use of expanding sleeves to insert the seals in the proper groove

- Tighten all the screws or nuts as follow: lubricates the threads, insert the screw or the nut by hand for some turns, tighten the screw crosswise with the
tightening torque specified in the technical table (a pneumatic screw driver may be used)

- Rod bearing and piston must be locked respectively to the front head and to the rod by means of special pin to avoid unscrewing
- The replacement of wear parts such as seals, rod bearing and guide rings depends on the operating conditions, temperature and quality of the fluid

@ Any repairing must be performed only by experienced personnel, authorized by Atos
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9.3 Cylinders exploded views

CK* servocylinder - For spare parts see tab. SP-B310 CKI/CH - For spare parts see tab.SP-B137, SP-B140 and SP-B160

CN - For spare parts see tab. SP-B180 CC - For spare parts see tab. SP-B241

Note: i\ this symbol means that a particular equipment is required for mounting, contact our technical office

9.4 Sealing system mounting

PISTON ROD BEARING
G1-G8 G2-G3-G4-G5 G6 G7 G1 G2-G3-G4-G5-G6-G7 G8
Single effect Single effect
pushing pulling

TRANSPORT AND STORAGE

10.1 Transport

Observe the following guidelines for transport of hydraulic cylinders:

- Cylinders have to be transported using a forklift truck or a lifting gear always ensuring a stable position of the cylinder

- Cylinders have to be transported in horizontal position in their original packaging

- Use soft lifting belts to move or lift the cylinders in order to avoid damages

- Before any movement check the cylinders weight (due to tolerances, the weight may be 10% greater than the values specified in the technical table)

A Additional parts such as pipes, subplates and transducers must never be used for lifting

10.2 Storage

Corrosion protection is achieved with epoxy coatings: the primer grants a storage period up to 12 months. Additionally all cylinders are tested with mineral
oil OSO 46; the oil film, presents in the cylinder chambers after testing, ensures the internal corrosion protection.

Anyway be care to observe the following remarks:

- When a storage in the open air is foreseen ensure that cylinders are well protected against water

- The cylinders must be inspected at least once a year and rotated through 90° every six months to preserve the seals

A In case of storage period longer than 12 months, contact our technical office
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[11] CYLINDERS TROUBLESHOOTING

TROUBLE POSSIBLE CAUSES SOLUTIONS

a) Improve the precision of the machine alignment
High lateral loads involve a premature wear of the b)) De%rease IatZraI loads 9
bronze bushing, seals and wear rings . .

c) Install a pivoted mounting style C-D-G-H-S-L
Fluid contaminants produce scratch and score ) - .
marks on the seals Check the fluid contamination class is < 19/18/15
Chemical attack cause the deterioration of seals Check seals compatibility with operating fluid
compound
High temperatures (fluid/ambient) the seals dark and | a) Decrease the fluid temperature
flaked b) Install G2 sealings for high temperatures

Oil leakage Low temperature (ambient) make the seals brittle a)) Move the cylinder in a higher temperature zone

b) Install G9 seals for low temperatures

High rod speed reduce the lubricant capacity of the
seals

For rod speed > 0,5 m/s Install G2 — G4 seals

High frequency reduce the lubricant capacity of the
seals

For rod frequency > 5 hz Install GO seals

Output rod speed higher than the input one

Check the rod speed ratio infout complies with the minimum R,
value, see tech.table B015

The pressurization of the mixture air/mineral oil may
involve self combustion dangerous for the seals
(Diesel effect)

Bleed off completely the air inside the hydraulic circuit

Wiper or seal extrusion

Overpressure

a) Limit the pressure of the system
b) Install G2-G4-G8 seals if overpressure cannot be reduced

Rod seals leakages may involve overpressures
among wiper and rod seal, causing their extrusion

a) See possible causes and solutions for oil leakage troubles
b) Install draining option L

Lose of cushioning effect

Rod speed too low at end stroke

a) Check the cushioning adjustment is not fully open, regulate it if necessary
b) Replace “fast” cushionings 1-2-3, with “slow” cushionings 4-5-6
if the cushioning is not effective with cushioning adjustment fully
closed

Cushioning adjustment cartridge with improper regu-
lation

Close the cushioning adjustment screw till restoring the cushio-
ning effect

Fluid contaminants produce scratch and score
marks on the cushioning piston

Check the fluid contamination class is < 19/18/15

Rod locked or impossible
to move

Overpressure in the cushioning chamber could
involve the cushioning piston locking

a) Replace “fixed” cushionings 7-9 with “adjustable” cushionings 1-3

b) For adjustable cushionings, open the cushioning adjustment to
decrease the max pressure inside the cushioning chamber

c) Check the energy dissipated by the cushioning is lower than max
energy dissipable, see tech.table B015

Fluid contaminants may lock the piston because of
its tight tolerances

Check the fluid contamination class is < 19/18/15

Rod failure

Overload/overpressure involves ductile rod failure

a) Check the overpressure inside the cylinder and decrease it
b) Check the compliance with the admitted operating pressure
according to the cylinder series

High load/pressure coupled to high frequencies or
long life expectation involves fatigue rod failure

a) Check the expected rod fatigue working life proposed in tech.
table B015
b) Decrease the operating pressure

Rod vibration

Seals with excessive friction could involve rod vibra-
tion and noise

Install low friction PTFE seals G2-G4, see tech.table B015

Air in the circuit may involve a jerky motion of the rod

Bleed off completely the air inside the hydraulic circuit

Rod motion without oil
pressure

Variations in the fluid temperature involve the fluid
expansion / compression thus the rod moving

a) Decrease the temperature variations in the oil
b) Change the fluid type to decrease the coefficient of thermal
expansion

Excessive oil leakage from the piston or rod seals

See likely causes and solutions for oil leakage troubles

Noisy cylinder

Impact of the piston with the heads caused by high
speed ( >0,05 m/s)

a) Decrease the rod speed
b) Install external or internal cushioning system 1-9, see tech.table
B015 for the max energy that can be dissipated

Fluid contaminants, foreign particles inside the cylin-
der may generate unusual noise

Check the fluid contamination class is < 19/18/15

High oil flow speed > 6 m/s

a) Increase the piping diameters to reduce the oil flow speed
b) Install oversized oil ports, options D-Y

12| SERVOCYLINDERS TRO

UBLESHOOTING

malfunctioning / failure

peak of voltage

TROUBLE POSSIBLE CAUSES SOLUTIONS
Improper electronic connections may involve the . . .
transducer malfunctioning Check the electronic connections scheme in tech table B310
Transducer Not stabilized power supply may involve dangerous

Install a voltage stabilizer

Uncontrolled disconnection and connection of plug-
in connectors may damage the transducer

Be carefull to switch off the power supply before connecting the
position transducer

Note: for cylinders troubleshooting refer to section
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Cylinders troubleshooting

OVERPRESSURE

The following sections provide guidelines
for the common cylinders failures with a
simple scheme driving through the analy-
sis of causes and preventive actions to
avoid premature breakdowns. The last
section gives useful information about the
main spare parts codes necessary to pro-
ceed with a complete cylinder’s mechani-
cal overhaul.

For the best understanding we recom-
mend to consult the complete technical
tables at Atos catalog on-line.

Trouble description: very high or low temperatures may cause the seals
overheating or freezing, thus the loss of elastic properties and oil leakages. High
temperatures make the seals dark and flaked, low temperatures make the seals
brittle with heavy damages and may cause breaks in the most stressed and
exposed components.

Action & prevention: standard sealing systems satisfy a wide temperature
range from -20°C to 120°C, it is mandatory to respect the temperatures reported
in the technical tables. Max admitted temperature for Poliurethane G1 and PTFE
seals G4 is 85°C, for higher temperatures up to 120°C PTFE seals G2 must be
selected. Lower or higher temperatures impose a cylinder design review, contact
Atos technical office.

Trouble description: contaminated fluid is one of the main causes of seal leaka-
ges. Abrasive particle contamination is evidenced by scratch and score marks
on the seals, rod bearing and cushioning piston with consequent leakages and
loss of cushioning effect which place the cylinder out of service.

Action & prevention: hydraulic circuit must be provided with appropriate filters
(at least 25 pm) to grant a contamination class lower than 1ISO 19/18/15 accor-
ding to ISO 4406. Take care to grant adequate recirculation of the oil flow.

Trouble description: excessive flow restriction in the hydraulic circuit or mecha-
nical rod shocks could involve peaks of pressure which stress rod seals and give
rise to rapid seal wear and leakages. The seals appears with abnormal wear and,
in the worst cases, extruded.

Action & prevention: hydraulic circuit must be designed to avoid flow restric-
tions which could involve dangerous peaks of pressure. A PTFE sealing system
G2-G4-G8 should be preferred if the peaks of pressure cannot be reduced, con-
tact Atos technical office.
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UNSUITABLE FLUID

Trouble description: presence of aggressive additives in the fluid is one of the
main causes of seals compound deterioration that causing heavy leakages. Seals
may appear sticky or dry depending to the chemical reaction.

Action & prevention: the correct choice of sealing system according to the fluids
is the main prevention. Atos technical tables provides the seals compatibility with
the most common fluids, for water based fluids (HFA, HFB, HFC) or synthetic
HFD-U PTFE seals G2-G4 are mandatory, in particular for phosphate esters HFD-
R PTFE seals G2 must be selected. In case of special fluids not indicated in
Cylinder’s technical table please contact Atos technical office to receive sugge-
stions on the most suitable seals for your application.

Trouble description: high rod speeds and frequencies reduce the lubricant capa-
city of the seals and involve the increasing of friction and surface temperature which
may cause a premature wear of the sealing system. The seals appear burned and
damaged on both sides. This failure is primarily related to polyurethane sealing
system G1 that tolerate max speed up to only 0,5 m/s.

Action & prevention: the respect of rod speed limits, specifically indicated in the
cylinder’s technical tables for each sealing system model, is mandatory. For high
speed applications it is required to adopt seals with high sliding/low friction pro-
perties, particularly for rod speed over than 0,5 m/s PTFE seals G2-G4 are stron-
gly recommended. For high frequencies (> 5 hz) selflubricated GO PTFE seals
mineral fiber filled should be selected, see tech table TB020 for details.

Trouble description: the pressurization of the mixture air/mineral oil may involve a
self-combustion dangerous for the seals and components (Diesel effect). The presen-
ce of air inside the cylinder may be caused by a poor bleed off procedure of the
hydraulic circuit or when the inertia of the connected load forces the cylinder at higher
speed than the flow provided by the pump flow (cavitation). Other causes of air pre-
sence in the oil can be due to the incorrect positioning of the return pipe inside the
power unit tank. The piston/bushing surface appears dark and pitted, seals and guide
rings are heavily worn.

Action & prevention: no seals are available to withstand fluid ignition, thus it is manda-
tory to completely bleed off the air inside the circuit. We also suggest to check the absen-
ce of turbulence inside the circuit and tank. Any operation which involve a negative pres-
sure inside the cylinder must be avoided.

Trouble description: cylinders are designed to provide axial force and motion to
a guided load, the result of a poor alignment is the excessive side loading of the
rod, which involves a premature wear of the bronze bushing, seals and wear
rings. Bronze bushing presents a glossy area on one side, seals and guide rings
are heavily worn.

Action & prevention: the perfect alignment cylinder-machine should be ensured,
pivoted mounting style, such as C, D, S, G, H and L must be preferred to rigid cou-
pling. Particularly the S mounting style is equipped with spherical bearings to grant
best reliability also in front of small misalignments of the cylinder mounting. For cylin-
ders with long strokes (> 1000 mm) in horizontal applications and not guided loads,
the use of well sized spacers (options 2-4-6-8) is mandatory to decrease the specific
pressure on the guide rings.

Trouble description: overpressures/overloads respect to cylinders limits or high
loads/pressures coupled to high frequency applications or long life expectations may
involve mechanical failures of the rod thread, that is the most critical part of any
hydraulic cylinder. In the first case a ductile failure may result, the rod end presents a
necking area followed by a tear break zone; in the second one a fatigue failure may
occur, the breaking of the rod thread is featured by an early progression of serious
brittle cracks (see red line in the picture) with final plastic yelding.

Action & prevention: in case of ductile failure check the compliance of actual pressu-
res/loads with the cylinder's max operating pressure shown in relevant technical table. In
case of fatigue failure check the fatigue life expectation in accordance with the instruc-
tions given in tech. table BO15. If above checks highlight conforming application data
please contact Atos technical office.
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TROUBLE POSSIBLE CAUSES SOLUTIONS
a) Improve the precision of the machine alignment
High lateral loads, see section b) Decrease lateral loads
c) Install a pivoted mounting style C-D-G-H-S-L, see section
Fluid contaminants, see section Check the fluid contamination class is < 19/18/15
Chemical attack, see section Check seals compatibility with operating fluid, see section
High temperatures (fluid/ambient), see|a) Decrease the fluid temperature
section ! b) Install G2 sealings for high temperatures
X ) ) a) Move the cylinder in a higher temperature zone
Oil leakage Low temperature (ambient), see section b) Install G9 seals for low temperatures

High rod speed, see section

For rod speed > 0,5 m/s Install G2 — G4 seals

High frequency, see section

For rod frequency > 5 hz Install GO seals

Output rod speed higher than the input one

Check the rod speed ratio infout complies with the minimum
Riin Value, see tech.table BO15

The pressurization of the mixture air/mineral oil
may involve self combustion dangerous for the
seals (Diesel effect), see section

Bleed off completely the air inside the hydraulic circuit, see
section [€]

Wiper or seal extrusion

Overpressure, see section

a) Limit the pressure of the system
b) Install G2-G4-G8 seals if overpressure cannot be reduced

Rod seals leakages may involve overpressures
among wiper and rod seal, causing their
extrusion

a) See possible causes and solutions for oil leakage troubles
b) Install draining option L

Lose of cushioning effect

Rod speed too low at end stroke

a) Check the cushioning adjustment is not fully open, regulate
it if necessary

b) Replace “fast” cushionings 1-2-3 , with “slow” cushionings
4-5-6 if the cushioning is not effective with cushioning adjust-
ment fully closed

Cushioning adjustment cartridge with improper
regulation

Close the cushioning adjustment screw till restoring the
cushioning effect

Fluid contaminants, see section

Check the fluid contamination class is < 19/18/15

Rod locked or impossible
to move

Overpressure in the cushioning chamber could
involve the cushioning piston locking, see
section 13

a) Replace “fixed” cushionings 7-9 with “adjustable” cushionings 1-3
b) For adjustable cushionings, open the cushioning adjustment
to decrease the max pressure inside the cushioning chamber

c) Check the energy dissipated by the cushioning is lower than
max energy dissipable, see tech.table B015

Fluid contaminants may lock the piston because
of its tight tolerances, see section [2

Check the fluid contamination class is < 19/18/15

Rod failure

Overload/overpressure, see section

a) Check the overpressure inside the cylinder and decrease it
b) Check the compliance with the admitted operating pressu-
re according to the cylinder series

High load/pressure coupled to high frequencies
or long life expectation, see section

a) Check the expected rod fatigue working life proposed in
tech. table B015
b) Decrease the operating pressure

Rod vibration

Seals with excessive friction could involve rod
vibration and noise

Install low friction PTFE seals G2-G4, see tech.table B015

Air in the circuit may involve a jerky motion of the rod

Bleed off completely the air inside the hydraulic circuit

Rod motion without oil
pressure

Variations in the fluid temperature involve the
fluid expansion / compression thus the rod
moving

a) Decrease the temperature variations in the oil
b) Change the fluid type to decrease the coefficient of thermal
expansion

Excessive oil leakage from the piston or rod seals

See likely causes and solutions for oil leakage troubles

Noisy cylinder

Impact of the piston with the heads caused by
high speed ( >0,05 m/s)

a) Decrease the rod speed
b) Install external or internal cushioning system 1-9, see
tech.table B015 for the max energy that can be dissipated

Fluid contaminants, foreign particles inside the
cylinder may generate unusual noise

Check the fluid contamination class is < 19/18/15

High oil flow speed > 6 m/s

a) Increase the piping diameters to reduce the oil flow speed
b) Install oversized oil ports, options D-Y
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TROUBLE POSSIBLE CAUSES SOLUTIONS

Improper electronic connections may involve the

transducer malfunctioning Check the electronic connections scheme in tech table B310

Transducer malfunctio-|Not stabilized power supply may involve dange-

ning / failure rous peak of voltage Install a voltage stabilizer

Uncontrolled disconnection and connection of |Be carefull to switch off the power supply before connecting
plug-in connectors may damage the transducer |the position transducer

Note: for cylinders troubleshooting refer to section [9]

SPARE PARTS

Atos spare parts allow to proceed with a fast replacement of damaged components to recondition the cylinder, the following
table give references to SP tech.tables to define the suitable spare part codes according to the cylinder type. See B600 and
SP-B600 for maintenance guidelines and tools.

Seals kit Pistons + rods

Example code Example code
G1-CK-50/22/22 U-CK-50/22/22x500....
Rod bearings Cushionings

Example code Example code
B1-CK-50/22-32 F1-CK-50/22-32

SP TECH.TABLES REFERENCE FOR SPARE PARTS CODES

CK CH - big *
CKA CH bore size CN CcC CK CKS
Seals kit SP-B137 SP-B140 SP-B160 SP-B180 SP-B241 SP-B310 SP-B450
Sect. 5.1 Sect. 5.1 Sect. 3.1 Sect. 3.1 Sect. 5.1 Sect. 9.3 Sect. 5.1
Rod bearings SP-B137 SP-B140 SP-B160 SP-B241 SP-B310 SP-B450
(assembled with seals) Sect. 5.2 Sect. 5.2 Sect. 3.2 Sect. 5.2 Sect. 9.4 Sect. 5.2
Pistons + rods SP-B137 SP-B140 SP-B160 SP-B180 SP-B241 SP-B310 SP-B450
(assembled with seals) Sect. 5.3 Sect. 5.3 Sect. 3.3 Sect. 3.2 Sect. 5.3 Sect. 9.5 Sect. 5.3
Cushioninas SP-B137 SP-B140 SP-B160 SP-B180 SP-B241 SP-B310 SP-B450
9 Sect. 5.4 Sect. 5.4 Sect. 3.4 Sect. 3.3 Sect. 5.4 Sect. 9.6 Sect. 5.4
Proximity sensors SP-B137 SP-B140 SP-B450
Y Sect. 5.5 Sect. 5.5 Sect. 5.5
Connectors for position SP-B310
transducers Sect. 9.1
. SP-B310
Position transducers Sect. 9.2

Note: SP tech.tables are available at Atos catalog on-line
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Basics for solenoid directional valves

Atos solenoid valves have been designed and tested with innovative concepts to satisfy the advanced needs of modern machines: rapid or
damped switching, quiet operation, reduced power absorbed, versatility, reliability and safety of use.
This table gives engineers, in condensed form, a series of useful information for the choice and the use of modern solenoid valves.

E DESCRIPTION OF FUNCTION

Solenoid directional valves are used for
changing flow direction in hydraulic
systems.

Main features are:

1.1 New integrated design between
hydraulic and electrical parts with
more compact construction and better
efficiencies.

1.2 Wet solenoids for maximum reliability,
also available in flame-proof, intrinsical-
ly safe and stainless steel execution.

1.3 All seals are static and all the moving
parts are protected and lubricated by
the fluid.

1.4 Smoother switching with effective
regulation thanks to optional swit-
ching control devices.

1.5 Plastic encapsulated coils easily
interchangeable and UL certified.

1.6 Electric or electronic connectors,
depending on the application and on
electric control board interface.

1.7 Cored oil passages with low pressure
drops.

1.8 Interchangeable spools for various
directional functions.

| 2| SOLENOID IDENTITY

According to European Convention, sole-
noid “A” is close to “A” port and solenoid
“B” is close to “B” port of the valve body
(pilot valve body for two stage valves).

3| SPOOLS CHARACTERISTICS

Standard interchangeable spools are
available in a wide range of configura-
tions, as indicated in table 3.

Specific spools to reduce water ham-
mer-shocks during switching: variants
1/1, 4/8 and 5/1. Their special shape
reduces water hammer-shocks during
switching. Use of these spools is not
recommended with maximum flow greater
than 80% of the nominal values, because
of higher pressure drops generated in the
valve.

Response times and control of swit-
ching time: direct operated solenoid
valves.

The solenoid valve response times can
be controlled by the use of specific devi-
ces (option L); associated with the
spools */1 and */8 it is possible to control
smooth acceleration/deceleration of the
connected actuator. The L* devices allow
an effective control of the solenoid valve
switching time, slowing down the spool
speed without reducing the solenoid
force.

They are available in different configura-
tions. For correct use a slight backpressu-
re (2 bar) on solenoid valve T port is
recommended. Valve response time is
also influenced by operating conditions
(oil characteristics and temperature), ela-
sticity of the hydraulic circuit and by use
of electronic connectors.

Fig. 1 Cross-section of direct operated solenoid valve

L@"i

Solenoid “A” Solenoid “B”

Fig. 2 Solenoid identification
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Table 3 Basic spools, schemes and intermediate passages between central and external
positions. The spools are not available for all the directional valves.
For their availability see the relevant valve table.
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Response time and control of switching
time: pilot operated solenoid valves.
The response time of the piloted valves
can be adjusted by means of the options
/H (meter-out control) or /H9 (meter-in
control). This options provide the installa-
tion between the main stage and the pilot
valve of a modular throttle valve, type HQ-
*/U specific for fine pilot flow control.
Associated with */1 and */8 spools,
smooth acceleration/deceleration can be
controlled on loads.

*P spools for direct operated solenoid
valves to reduce leakage.

They are normally used on pilot valve for
pressure and directional control valves,
for cartridge valves and systems with spe-
cific requirements.

Use of these spools is not recommended
with maximum flow greater than 70% of
the nominal values, because of the higher
pressure drops generated in the valve.
Following types available: 1P, 3P, 1/2 P,
8P (for ISO size 06 valves).

[4] COIL CHARACTERISTICS

Solenoid valves are available both with

DC and AC cails.

¢ Ol solenoids for DHI valves are availa-
ble for AC and DC supply (only repla-
cing coils)

e OE-AC and OE-DC solenoids for DHE
valves are available respectively for AC
and DC supply

e AE-AC and AE-DC solenoids for DKE
valves are available respectively for AC
and DC supply

For solenoids OE and AE, the coils of dif-

ferent voltages are interchangeable only

for the same type of power supply AC or

DC.

The DC solenoids can be also fed with AC

supply, by using 669 connector.

ELECTRICAL CONNECTORS TO
1SO 4400 (DIN 43650)

The cable entry on electrical plugs can be
fitted at 90° intervals by reassembling the
contact holder relative to the plug hou-
sing.

The cable entry is Pg. 11 suitable for
cable @ 6-10 mm.

Following types are available:

Standard connectors, IP65 protection
degree (666);

Connectors with built in LED (667);
Connectors with built in rectifier bridge
(669) to supply DC coils by alternating
current AC.

In addition to the above DIN connectors,
other type of electrical interfaces are avai-
lable on request:

- Lead Wire connection

- Deutsch connector DT-04-2P (IP67)

- AMP Junior Timer connector (IP67)

| 6| ELECTRONIC CONNECTORS

Operational principle
E-SD to eliminate electric disturbances
when solenoids are deenergized;

OPERATING NOTES

Tightening of the fixing screws to the
subplates and of the plastic coil ring-
nut.

It is particularly important to check that
the tightening of the fixing screws
respects the torque limits indicated in
table 4.

Higher values may cause anomalous
deformations of the body and prevent sli-
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Table 3.2 Spools to reduce water hammer shocks associated with switching

Type Scheme

o Daisiin
1 AL
an DdiSiin
a8 iHiEkY

Intermediate passages
IREEH]
XL
KNG
HIBLIBX]

Table 3.3 Specific spools for special uses or in regenerative circuits

Type Scheme

09 AlHIE
90 EHIT
19 o L
91 Bt
39 AHIE
93 AN
49 olB
94 BElnlX

Intermediate passages
KIBHE
[E=HHIT
e e =1
[l
KINHE
[EEHLIT
Y i
BRIk

ding of the spool. 12.9 class fixing screws
are recommended. The plastic coil ring-
nuts will be fixed on the solenoid with a
torque 4Nm: this deforms properly the
seals and protects against external parti-
cles and water entrance.

Operation in circuits with flow excee-
ding the nominal valve flow

SPECIAL VERSION SOLENOID VALVES

e for explosion-proof environments

e for intrinsically safe operation

e stainless steel execution for marine or
aggressive environments or water base
fluids

e for operation beyond the allowed tem-

In circuits with flow rates greater than the perature limits.

nominal values and in circuits with accu-
mulators, where the instantaneous flow
can exceed nominal values, is recommen-
ded a plug-in restrictor on P port of sole-
noid valve to limit the maximum flow on Fixing screws
the valve. class 12.9

Table 4
Recommended torque for the fixing
screws

Valve type Torque

Dilatation and contraction of flexible "
hoses subjected to variations of system DH M5 8Nm

pressure can generate high instanta- DKE* M6 15 Nm
neous flow rates.

The version indicated in fig.5 can be Dp**-2 M10 & M6 70Nm & 15 Nm

directly inserted into P port of the valve -
but also in other valve ports. DP™-4  |M12 125 Nm

The plug-in restrictors can be ordered -

separately: DP**-6 M20 600 Nm
PLUG H-** (for DH* valves)

PLUG K-** (for DKE* valves)

** the double asterisk identifies the dimen-
sion in tenths of a millimeter.

Example: PLUG H-05 = 0,5 mm diameter

Limits on two-way and three-way ope- @

ration for direct operated solenoid val-

ves.

When used as two-way and three-way val- )

ves with P, A or B ports blocked or not Jr
T

subject to flow, or with flow much lower
than flow on other ports, maximum catalo-
gue performance cannot be assured.

Minimum pilot pressure for pilot opera-
ted solenoid valves.

A minimum pressure value must be gua-
ranteed for piloting the valve. This value is
8 bar. For spools with P-T connection in
rest position, the option /R should be
used.

Fig. 5
Plug-in restrictor for DKE valves

Operation combined with hydraulic
cylinders with high section ratios.
Operational limits may occur with cylin-
ders with section ratios (piston/rod) grea-
ter than 1.25. In these cases multiplica-
tions or demultiplications of flow and pres-
sure may disturb the correct operation of
the solenoid valve.
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Basics for proportional electrohydraulics

E WHAT IS PROPORTIONAL ELECTROHYDRAULICS?

Electrohydraulic proportional controls modulate hydraulic parameters according to the electronic reference signals.

They are the ideal interface between hydraulic and electronic systems and are used in open or in closed-loop controls, see section [3], to achie-
ve the fast, smooth and accurate motions required by today’s modern machines and plants.

The electrohydraulic system is a section of the overall automation architecture unit where information, controls, alarms can be transmitted in a
“transparent” way to the centralized electronic control unit and viceversa also via standard fieldbus, see tech table F002 for “Basics for digital
electrohydraulics”.

Proportional electrohydraulics provides the following advantages in comparison with the electromechanical systems; intrinsic overload protec-
tion, automatic force adaption, fast operating response, self lubrification of the system, simple stepless variation in speed, energy storage
capability, high power density, forces and torques, long service life and high reliability.

| 2| WHATIS A PROPORTIONAL VALVE?
The core of electrohydraulic controls is the proportional valve that

regulates a pressure P or a flow Q according to the reference input POWER SUPPLY 24 Voc ELECTRONIC DR L
signal (normally +£10 Voc) supplied by the machine CNC. Particularly the MONITOR Fi :
proportional valve must be operated by an electronic driver (see tech \I\

table G001) which regulates a proper electrical current supplied to the l‘

valve's solenoid according to the reference signal. The solenoid

converts the electrical current into a mechanical force acting the spool REFERENCE SIGNAL
against a return spring: rising of the current produces a corresponding
increasing in the output force and consequent compression of the return
spring, thus the movement of the spool. The proportional valves can be
single stage or piloted, with or without pressure/position transducer. SPRING
Proportional valves with transducer provide better regulation accuracy. REACTION
In pilot operated executions the proportional pilot valve regulates flow
and pressure acting on the main operated stage.

When electrical failure occurs, return springs restore the neutral position
according to valve configuration, to ensure a fail-safe operation, i.e. to
ensure that in case of absence of reference signal or, generally, in case of electric system breakdown, the system configuration does not
cause damages. Fail-safe can be realized directly by the proportional valve (fail-safe operation intrinsic in valve configuration) or it can be
realized by consequential operation of a group of valves.

PRESSURE P
Fig. 1

3| CONTROL LOOPS

Today industrial machines are multi-axis machines, more and more electrohydraulically controlled by proportional devices. The axis motion can
be operated in “open loop” or in “closed loop” control, depending to the accuracy level required in the application. In many applications the
motion cycles do not require extreme accuracy, so they are performed in open loop, while each time the application requires the positioning of an
actuator, a closed loop control must be provided.
©)
Axis control is provided through the supply of a reference input signal to the driver of
the proportional valve. & © vaves — T
There is no feedback of the valve’s regulated hydraulic parameter. 7 @ REFERENCE

The accuracy of the open loop controls is strictly dependent of the good quality of the e
hydraulic system and particularly of the proportional valve and of the relevant driver.

OPEN LOOP MOTION CONTROL ©)

ACTUATOR

PROPORTIONAL VALVES AND DRIVERS
ELECTRONIC CONTROLLER
ACTUATOR'S TRANSDUCER

CLOSED LOOP MOTION CONTROL

Axis control is provided through the supply of an input reference signal to a clo-
sed loop axis controller which receive the feedback signal from the actuator tran-
sducer. The controller compares the two signals and the resulting error is then
processed to the proportional valve, in order to align its regulation to the PID con-
trol loop requirements.

The accuracy of the closed loop controls is much better respect to the open loop 2
ones and it is less influenced by the external environmental disturbances, thanks e BEFEAENCE
to the presence of the feedback. @

Anyway the best is the overall quality of the hydraulic system, the best is the
accuracy of the axis control. Fig 2: Electrohydraulic axes: a basic block diagrams

OLEO

CENTRAL

| 4] PROPORTIONAL VALVES AND DRIVERS

Atos valves may be spool type or cartridge execution and can be grouped in three different functional families:

. pressure control valves: relief valves and reducing valves regulate the hydraulic system pressure proportionally to the reference input signal;
e 4-way directional control valves: direct and modulate the flow to an actuator proportionally to the reference input signal. These valves can be
used in open or closed loop control system to determine the direction, speed and acceleration of actuators;

¢ flow control valves: 2 or 3-way, pressure compensated, to modulate the flow independently to the user loads.

Atos proportional valves are equipped with ZO and ZOR, efficient solenoids (30 W and 40 W) respectively designed for direct-acting valves of
ISO 4401 size 06 and 10 and they are assembled in different options as follows:

A: without integral transducer, open loop;

AEB, AES: as A plus integral electronic driver, basic or full;

R: with integral pressure transducer;

REB, RES: as R plus integral electronic digital driver, basic or full;

T, L: with integral LVDT single/double position transducer, closed loop, featuring high static and dynamic performances;

TEB, TES, LEB, LES: as T, L plus integral electronic driver, basic or full;
In the new generation of digital proportionals, the electronic driver is integral to the valves and it is factory preset to ensure fine functionality
plus valve-to-valve interchangeability and to simplify installation wiring and system set-up.
For detailed information on Electronic drivers, see tech table G001

F001





| 5| TYPICAL ELECTROHYDRAULIC TERMS

Repeatability: The maximum difference in the valve’s hydraulic regulation repeating the same input reference signal. Repeatability is measured

in percentage of the maximum value

of the regulated hydraulic parameter.

Overlap: Percentage of spool stroke, starting from the central position, in which the valve remain closed.
Fail safe: spool’s safety hydraulic configuration in absence of electrical power supply
Linear spool: provides linear correspondence between valves regulation and reference input signal
Progressive spool: provides progressive regulation for finest low flow control
Differential spool: as progressive but with P-B = 50% of P-A

Leakage: The flow passing through port P to tank port T with the valve spool in central position. It is directly connected with the quality of the

valve’s mechanical execution.

Reference input signal: The electric signal sent from machine CNC to the valve electronic driver to obtain the required regulation value.
Driving current: The current sent from the electronic driver to the valve’s solenoid.
Bias current: Static offset added to the reference input signal required to compensate positive overlap spools.

Dither: The pulse frequency of the driver regulation

used to minimize the valve hysteresis.

Regulation scale: Setting of the valve regulation with the max reference signal.
Ramp time: Time (in sec.) required to smoothly operate the valve in front of a step reference input signal.

E TYPICAL DIAGRAMS OF PROPORTIONAL CONTROLS

6.1 PRESSURE CONTROL VALVES

Regulation diagram
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6.2 DIRECTIONAL AND FLOW CONTROL VALVES

Regulation diagram at characteristic Ap
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The curve shows for typical regulation ranges
(5% and + 90%) at different sinusoidal refe-
rence input signal frequency:

A) amplitude ratio variation, between reference
input signal and the regulated spool position
output signal;

B) phase lag between reference input signal and
the regulated spool position signal.

Regulation diagram at max reference signal
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Response time - step input

Regulated parameter

Response time

The time lag required by the valve to reach
the requested hydraulic ragulation in front of
a step change in the reference input signal
(usually 0+100%).

Response time is measured in millisecond
[ms] from 10 to 90 % of the step valve.

Pressure gain diagram
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Pressure variation on use ports depending to
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Hysteresis

Regulated parameter

Reference signal

The maximum difference in the valve regula-
tion between reference input signal from 0 to
maximum and than from maximum to zero.
Hysteresis is measured in percentage of the
maximum value of the regulated hydraulic
parameter.
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Basics for digital electrohydraulics

E DIGITAL TECHNOLOGY FOR PROPORTIONAL VALVES

Modern world is driven by digital electronics: computers, automation systems, cars and missiles,
telecomunications and advanced network are all based on digital technology... ...thanks to its
typical benefits in comparison with analog: fast and powerful data processing, easy
programmability, high immunity to electromagnetic noise, process parameters and data storage.

In electrohydraulics, digital electronics gives important advantages:

e better performances of electrohydraulic components: hysteresis, response time, linearity

e numerical software setting of hydraulic parameters (scale, bias, ramp, compensation of non-
linearities) for full repeteability and easy data storage

e diagnostic (fault, monitor) and computer assisted maintenance of machines and systems

e direct interfacing to fieldbus networks

Atos, leader in pioneering proportional electrohydraulics, is active from many years on digital
electrohydraulics including: simulation models of valves and systems, research and testing of
new DSP microcontrolles, R&D of new solutions.

New digital electrohydraulics with on board electronics enable new funcionalities within the
conventional control architectures and represent the foundamental premise to realize new
compact machines with high technological contents.

The digital electronics integrate several logic and control functions (distributed intelligence)
and make it feasible and inexpensive the introduction in the hydraulic system of the most
modern fieldbus communication networks.

Atos digital driver’s range:

¢ E-RI-AEB/AES basic and full version for valves without transducer

¢ E-RI-TEB/LEB basic version for valves with single/double LVDT transducer

e E-RI-TES/LES full version for valves with single/double LVDT transducer

¢ E-RI-REB/RES basic and full version for valves with integral pressure transducer
¢ E-RI-PES for pumps with alternated P/Q control

| 2| COMMUNICATION INTERFACES

The communication interface is the access port through which the valve receives commands
and/or setting parameters and it returns information to the fieldbus master.

Atos digital proportional valves are available with 4 optional communication interfaces:

e basic NP and PS: USB or serial programming RS232 interface.
The main feature of this basic version is the full interchangeability with the corresponding
analog executions, in fact the reference and the monitor signals are analog, whereas the
USB/serial interface allows to manage the diagnostics and to set the best configuration of
the valve for the application’s requirements

e option BC: CANopen

e option BP: Profibus DP

e option EH: EtherCAT

e option EW: POWERLINK

e option EI: EtherNet/IP

The valves with option BC, BP, EH, EW and El can be connected to the fieldbus network and

thus digitally operated by the machine control unit (see table GS510).

The functional parameters can be set via fieldbus using the standard communication protocol

via machine control unit, or alternatively using the PC graphic software E-SW-FIELDBUS, with

the relevant USB cables and isolator (see table GS500).

For start-up or maintenance operations, the valves with BC, BP, EH, EW and El interfaces
can be also operated with analogue signals via the 7 or 12 pins of main connector.

E SETTINGS AND DIAGNOSTICS USING ATOS PROGRAMMING SOFTWARE

A large number of the functional parameters of the valve can be easily set trough the
communication interface, using the Atos E-SW programming software, as:

e the bias and scale

e the ramps, corresponding to the transition time from 0% to 100% of the valve’s regulation

e the linearization of the hydraulic regulation

e dither frequency

Many other regulations, including the valve functional diagnostic are available, see table
G001 for additional information.

Fieldbus Master

Fieldbus Nodes

fig. 1

Table F002-7/E

DKZOR-AES

AGMZO-REB-P

DPZO-LES

LIQZP-LEB

fig. 2 software setting of digital proportionals
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E PRESSURE-FORCE/FLOW COMBINED CONTROLS FOR PROPORTIONAL DIRECTIONAL VALVES, see table GS212

In most of the machines functions, the typical movement of a single actuator requires direction, speed and sometime force regulations, normally

performed by different valves.

The integral digital drivers with SP, SF, SL options add the pressure or force closed loop to the spool position control of standard proportional
directional valves. A single proportional valve with P/Q option allows to manage complex machine operations requiring high performance com-

bined regulations (typical application: injection cycle or mould motion in plastic machinery).

The closed loop pressure or force control requires the installation in the system of one/two remote pressure transducers or a load cell, to be
connected to the valve digital driver. The option SP performs the closed loop pressure control in one direction by using 1 remote pressure tran-
sducer (see fig. 3). The other two options perform the closed loop force control by 2 remote pressure transducers (option SF, see fig. 4) or load

cell (option SL, see fig. 5).

The pressure (force) and flow levels are regulated with two different command signals. The selection from pressure-force to flow control and

vice versa is self performed by the digital driver through dedicated algorithm.

SP option SF option
\ | \ |
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| | | e,
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fig. 3 PT fig. 4 PT

SL option

E COMBINED P/Q CONTROLS FOR VARIABLE PISTON PUMPS, see tech table AS170 and GS215

The digital driver E-RI-PES for PVPC-PE(R)S variable displacement axial piston pumps (see fig. 6),
integrates the digital combined closed loop pressure and flow control with the electronic max power
limitation. The PERS pump directly controls the system pressure and the speed of machine
actuators.

A multiple set of PID parameters can be real time selected during the axis motion via the 12 pin
connector (option /S) or through the BC, BP, EH, EW or El interfaces, to optimize the P/Q control
performances.

@ DIGITAL AXIS CONTROLLERS, see table FS230, G340

The digital axis controllers perform accurate
closed loop position controls with additional
speed or pressure/force regulations.

They are available in two executions with
different characteristics to better comply the
several applications requirements:

Z-RI-TEZ, integral to the proportional
directional valve @. It can be supplied pre-
assembled with Atos servocylinder @ making
a compact motion control unit called
“servoactuator” (see fig. 8)

fig. 8
Z-ME-KZ, Eurocard format, with extended ©

Speed

Error window

Speed gains (Gs)

Position
gains (Gp)
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Table FO03-7/E

Electrohydraulic controls: commissioning and trouble shooting

The following notes give some general suggestions and cautions on the procedures to ensure the good operation of an electrohydraulic system, with par-
ticular reference to the closed-loop circuits, typical of modern electrohydraulic axes and of high-performances proportional components with integral
analog and digital electronics. For more detailed information about specific components see the relevant technical tables. For proper operation of elec-
trohydraulic components, following prescription must be respected.

1 HYDRAULIC SECTION

1.1 Tank and tubes cleaning

1.2 Connections

1.3 Filtration

1.4 Hydraulic drains and return lines
1.5 Hydraulic fluid

1.6 Fluid conditioning

1.7 Air bleeds

E HYDRAULIC SECTION

1.1 Power packs tank and tubes cleaning
Power unit tank has to be accurately clea-
ned, removing all the contaminants and any
extraneous object; piping has to be cold
bended, burred and pickled. When comple-
tely assembled an accurate washing of the
piping (flushing) is requested to eliminate the
contaminants; during this operation the pro-
portional valves have to be removed and
replaced with by-pass connections, or on-off
valves.

1.2 Hydraulic connections

The flexible hoses have to be armoured type
on pressure line between powerpack and
proportional valve and on return line from
proportional valve. If their potential breacka-
ge may cause damages to any machine or
system or can cause injure to the operator, a
proper retenction (as the chain locking at
both the pipe-ends) or alternately a protec-
ting carter must be provided.

The proportional valve must be installed as
close as possible to the actuator, to assure
the maximum stiffness of the circuit and so
the best dynamic performances.

1.3 Hydraulic fluid

Use only good quality fluids according to
DIN 51524..535, with high viscosity index.
The recommended viscosity is 15+100
mm?/sec at 40°C. When fluid temperature
exceeds 60°C select viton seals for compo-
nents; in any case the fluid temperature must
not exceed 80°C.

1.4 Fluid filtration

The fluids filtration prevent the wearing of the

hydraulic components caused by the conta-

minans present in the fluid.

Fluid contamination class must be in accor-

dance to ISO 18/15 code by mounting in line

pressure filter at 10um value and B10=75.

In line filters must be mounted, if possible,

immediately before proportional valve; the fil-

tering element is high cracking pressure type

with clogging electrical indicator, without by-

pass valve.

The flushing (at least 15 min. long) has to be

performed at the system commissioning to

remove the contaminants from the whole cir-

cuit.

After this operation filtering elements and flu-

shing accessories cannot be used again, if

clogged.

Following additional warnings to be conside-

red:

- make sure that the filters are of correct size
to ensure efficiency;

- the main source of contamination of an
hydraulic system is the air exchanged with

ELECTRONIC SECTION

1 Power supply

2 Electrical cabling

.3 Suppression of interferences by electri-
cal noise

4 Electronic calibrations

5 Temperatures and environments

the environment: proper air filters on the

power unit tank to be always provided;

- filter the fluid when filling the tank (new
fluid is contaminated) with filtration Group
GL-15 (table L150) or similar.

1.5 Hydraulic drains and return lines

The function of drains is essential in all
systems, because they define the minimum
pressure level.

They must be connected to the tank without
counter-pressures.

Drain connections is provided on tie rod side
of the servocylinder, see figure.

DRAIN
1/8” GAS

Return line from proportional valve to tank
has to be sized in order to avoid variable
counter pressure < 1 bar; for this reason it is
recommended to use multiple separated
return lines directly connected to tank.

1.6 Fluid conditioning

A high-performance system must be thermal-
ly conditioned to ensure a limited fluid tem-
perature range (generically between 40 and
50°C) so that the fluid viscosity remains con-
stant during operation.

The operating cycle should start after the
prescribed temperature has been reached.

1.7 Air bleeds

Air in the hydraulic circuits affects hydraulic
stiffness and it is a cause of malfunctioning.
Air bleeds are provided in the proportional
valves and servocylinders; air dump valves
must be inserted at possible air accumula-
tion points of the hydraulic system.
Following additional warnings to be consi-
dered:

on starting the system all the bleeds must be
released to allow removal of air. In particular
for servocylinders be careful to bleed the
transducer chamber, which is done by relea-
sing the dump valve at the rod end;

3 COMMAND SIGNALS WIRING
4 SHIELD CONNECTIONS
5 TROUBLE SHOOTING TABLES

- for the piping untight the connections;

- the system must be bled on first start-up
or after maintenance;

- use a precharged check valve (e.g. to 4
bars) on the oil general return line to tank
to avoid emptying of the pipes following a
long out of service.

E ELECTRONIC SECTION

2.1 Power supply

The voltage values to be within the following

range (depending on the type of supply

devices):

nominal voltage: V = 24 Voc;

filtered and rectified voltage: Vrms=21+33 V

(ripple max = 2Vpp);

The supply device must be sized in order to

generate the correct voltage when all utilities

require max current at same time; in general
50W max intake electrical power can be con-
sidered for each supplied valve.

Following additional notes to be considered,

see figure below:

- power supply from a battery: overvoltages
(typically greater than 34 Volts) damage
the electronic circuits; it is recommended
the use of suitable filters and voltage sup-
pressors;

- rectified AC power supply: the average
value to be within the limit Vrms = 21+-28
Volts, with a supply capacitor equal to
10000 pF for each 3A of current expected
when single-phase power supply; 4700 pyF
when three-phase power supply.

RECTIFIED AND FILTERED THREE-PHASE POWER SUPPLY
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2.2 Electrical wiring

The power cables (coils, electronic adjusters
or other loads) to be separated from the
control cables (references and feed-backs,
signal grounds) to avoid interferences.

The electrical cables of the electronic signals
must be shielded as indicated in section [4]
with shield or cablebraid connected to the

ground (according to CEIl 11-17).
Recommended cable cross section;
- Supply and earth: 0,75 mm?
- Coils: 1mm? (Lmax = 20 m); 1,5 mm? (for
longer distance) of shielded type;
- Voltage reference and LVDT feedback:
0,25mm? (Lmax = 20m) of shielded type;
Note: current reference signals options must
be provided when greater lengths apply to
reference and feedback connections;
suitable electronic units and transducers or
voltage to current converters are available.
- Service signal: 0,25mm? (Lmax = 20 m) of

shielded type;

- Electronic transducers: 0,25mm? (Lmax =
20 m) of shielded type;

@ COMMAND SIGNAL WIRING

2.3 Suppression of
electrical noise

When starting the system, it is always advisa-
ble to check that feedbacks, references and
signal grounds are free from interferences
and electrical noise which can affect the
characteristics of the signals and generate
instability in the whole system.

Electrical noises are high non-stationary
oscillations both on amplitude and frequency
around the signal average value; they can be
suppressed by shielding and grounding the
signal cables, see section [4].

Most of electrical noises are due to external
magnetic fields generated by transformers,
electric motors, switchboards, etc.

interferences by

2.4 Electronic calibrations

The valves with integral electronics normally
don’t need any calbration by final customer
because these operations have been already
performed before delivery of component (the
valves with integral electronics are used
more and more for their easier servicing and
improved reliability).

However Bias adjustment is allowed, to per-
mit the regulation between the input referen-
ce electrical zero and the spool center posi-
tion (actuator in a steady position); a new
calibration can be executed with particular
hydraulic conditions (i.e. cylinder with high
differential ratio value and/or high Ap pressu-
re operations). When electronic regulators in
Eurocard or other format are installed in the
control unit, the setting procedures are
shown on related technical tables; consult
them carefully before proceeding with the
start-up. Personalised calibrations in case of
particular requirements can be carried out
with the collaboration of Atos technical dept.

2.5 Temperatures and environments
Always chek that the operating environment
is compatible with the data given in the pro-
duct tables. If necessary provide conditio-
ning of the electronic cabinet.

In particular the integral electronics cannot
be used when ambient temperature is higher
than +60°C or lower than -20°C (-40°C to
+60°C for digital -TES, -LES versions with /BT
options).

The connection of the command signal to the electronics is depending to the type of signal generated from the PLC or CNC.
The following figures show the typical connections in case of common zero or differential command situations.
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The correct shielding of signal cables has to be provided to protect the electronics from electrical noise disturbances, which could affect the valve functioning.
Examples of correct shielding criteria are shown in the following fig. E and F.
The shield connections of fig. G and H must be avoided because they could generate ground loops which enhance the noise effect.
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Fig. E Shield connected to the protected earth

WRONG SHIELD CONNECTIONS

Fig. F  Shield connected to the same power supply GND
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E TROUBLE SHOOTING TABLES

To evaluate the fault and to find the defective component within an electrohydraulic system it is necessary a good cooperation between electronic and

hydraulic engineers.

Besides a good knowledge of the technical tables for each component, for performing analysis of the system it is necessary to evaluate the hydraulic
scheme and the electric wiring diagram related to operation cycle.
There is no general recipe for succes in fault finding due to quite diverse nature of the electrohydraulic systems; however the following table provides a

useful start point.
Notes:

- Most problems are solved by the replacement of defective components on site. The defective components can be repaired by the manufacturer.
- Following tables don’t consider a system design fault

5.1 Open loop applications

PROBLEMS

CAUSES OF THE FAULTS

Mechanical/Hydraulic

Electrical /Electronic

Unstable axes movement
Pressure and/or flow fluctuations

Defective pump

Air in the circuit

Fluid contaminated

Insufficient piloting pressure of double stage valves

Stick-slip effect due to excessive friction of cylinder seals

Speed below minimum for hydraulic motors

Insufficient powered electrical supply
Noisy signals-bad grounding or shielding
Electrical or electromagnetic disturbances

Actuator overrun

Hoses too elastic

Remote controlled check valve not closing immediately
Insufficient bleeding

Internal leakages

Bias current set too high

Ramp time too long

Limit switch overrun

Electrical switching time too slow

Standstill or not controllable axes

Defective pump
Proportional control valve blocked (dirt)
Hand valves and settings not in correct position

Cabling error
Open circuit in electrical control leads

Signalling devices incorrectly set or defectives
Lack of electrical power and/or reference signal

Transducers mechanically uncalibrated

Actuator running too slow

Internal pump leaks due to wear
Flow control valve set too low

Reference signal not correct
Scale adjustment not correct

Insufficient output forces and torques

Excessive resistance in the return and delivery lines
Operating pressure setting of control valves too low
Excessive pressure drop across control valves
Internal leaks of pump and valves due to wear

Reference signal not correct
Scale adjustment not correct

Line hammer during control operation

Switching time of proportional control valves too rapid
Throttles or orifices damaged

No throttling before accumulator system

Excessive masses and forces applied to drive

Ramp time too short or absent

Excessive operating temperature

Insufficient lines cross section

Excessive continuous delivery

Pressure setting too high

Cooling system not operative

Zero pressure circulation inoperative during working
intervals

Excessive noise

Filters blocked

Foaming of the fluid

Pump or motor mounting loose
Excessive resistance in the suction line
Proportional control valves buzz

Air in the valve solenoid

Dither adjustment not correct

5.2 Closed loop applications - static conditions

PROBLEMS

Mechanical/Hydraulic

CAUSES OF THE FAULTS

Electrical /Electronic

Low frequency oscillations Force

Insufficient hydraulic power supply

Axes card proportional and

Position

Speed A ACTUAL VALUE Insufficient piloting pressure integral Gains set too low
Position // Proportional valve defective Axes card
AR = due to wear or dirt Sampling time too long
]
High frequency vibration Force et Foaming of the fluid Axes card proportional Gain
Speed Prop. valve defective due to wear or dirt set too high

ACTUAL VALUE

Too high A pressure across valve
Air in the solenoid of the
proportional valve

Electrical noises

Force
Speed
Position

Short time peak (random)
in one direction or both

ACTUAL VALUE
pr..u LUE

Mechanical couplings not rigid

Air in the solenoid of the proportional valve
Proportional valve defective

due to wear or dirt

Driver’s bias current
not correct

Electromagnetic disturbances

Self amplificating oscillations Force

T

SE
Speed ACTUAL VALUE
Position 1 E

Hydraulic hoses too elastic
Mechanical couplings not rigid

Too high A pressure across prop. valve
Too high hydraulic proportional valve gain

Axes card proportional and
integral Gains too high
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5.3 Closed loop applications - dynamic conditions: step response

CAUSES OF THE FAULTS

L ACTUAL VALLE

Proportional control valve mounted
too far from the actuators

PROBLEMS
Mechanical/Hydraulic Electrical /Electronic

Overshoot in one direction Too high A pressure across valve Axes card Derivative

Soe | ser Gain set too low

Pasilion| \

- ; ACTUAL VAUE
l

Overshot in both directions Mechanical couplings not rigid Axes card Proportional

g;‘.li, st Hoses too elastic Gain set too high

Axes card Integral
Gain set too low

Slow approach to set

:

“_ACTUAL VALUE

Pressure Gain of the proportional
control valve too low

Axes card Proportional
Gain set too low
Driver's Bias current not correct

Drive unable to reach the set

Force

i

Posilon)

T _ACTUAL VALUE

Insufficient hydraulic pressure or flow

Axes card Integral Gain

set too high Proportional and
Derivate Gains set too low
Driver’s Scale and Bias

not correct

Unstable control

Force
Speed
Posilion|

ACTUAL VALUE

W} W/
i
i i

Actuator’s feedback transducer
connection intermittent
Hoses too elastic

Air in the solenoid of the proportional valve

to high friction

Proportional Gain set too high
Integral Gain set too low
Electrical noises

Inhibited control

Force

Actuator’s feedback transducer

Lack of electrical power

Fosren Sﬂ\ mechanically uncalibrated Lack of reference or feedback signal
Lack of hydraulic power Cabling error
_ ACTUAL VALUE .
Bad repeatability Actuator’s feedback transducer Axes card Proportional Gain
and high hysteresys foe | ser ACTUAL VALUE. connection intermittent set too high
i / Integral Gain set too low

5.4 Closed loop applications - dynamic conditions: frequency response

CAUSES OF THE FAULTS

peec
Posilion

/ ACTUAL VALUE

PROBLEMS
Mechanical/Hydraulic Electrical /Electronic
Amplitude damping foce SET Insufficient pressure and flow Axes card Proportional
Speed Gain too low

Driver's scale adjustments
set too low

Wave amplifier

Hoses too elastic

Driver's scale adjustment

pe
Posilion| _

ET
Force — i
Speed ACTUAL VALUE Proportional control valve not correct
P / "y too far from drive
Time delay Force AL Insufficient pressure and flow Ramp time inserted
e | ,M Axes card derivative gain
W’ set too low
Vibrating control Force A ACTUAL VALLE Air in the solenoid of proportional valve Axes card proportional and
A Derivative Gains too high

Electrical noises
Derivative Gain set too high
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Basics for digital electronic drivers

E WHAT IS DIGITAL PROPORTIONAL DRIVER?

Digital electronic drivers interface proportional electrohydraulic valves to the machine central unit
and are used to achieve the proportional fast, smooth and accurate motions required by today’s
modern systems.

Drivers proportionally convert the reference input signal, generated from the machine central unit,
into a current supplied to the valve solenoid.

This current is controlled through PWM modulation of the driver power supply and is proportionally
transformed into a force by the valve solenoid.

Solenoid force, acting the valve spool or poppet against a reacting spring, finally provides the val-
ve's hydraulic regulation (see tech table F001 for Basic for electronic proportional controls).

Digital driver executions include:
* Drivers for proportional valves without transducer (open loop)
Basic drivers that supply and control in closed loop the current to the solenoid (fig.1)

« Drivers for proportional valves with transducer (closed loop)

High performance drivers that supply and control in closed loop both the solenoid current and the
valve spool/poppet position or pressure (fig.2)

Closed loop control grants better performances: less hysteresis, better linearity, repeatability and
time response

¢ Integral-to-valve

Integral drivers, open or closed loop, are directly wired and assembled on the controlled propor-
tional valve (fig.3) and are factory preset using automated bench to assure repetitive regulation
characteristics

* Separate

Separate drivers (fig.4), open or closed loop, can be installed far from the controlled valve in appli-
cations with overall dimensional limits or strong environmental conditions (e.g. temperature, vibra-
tion and shock)

For complete information about the electronic drivers and characteristics, see specific technical tables.

| 2| COMMUNICATION INTERFACES

The communication interface is the access port to all the information contained into the digital dri-
vers: real-time signals, alarms and functional parameters can be digitally exchanged with external
programming devices without further elaboration.

e Serial/USB interface
Drivers with serial or USB communication interface (PS or NP execution) are designed to be con-
nected to a desktop or notebook computer.
As analog executions, these digital drivers can be operated by the machine automation using the
analog and on-off signals available on the driver connectors.

¢ Fieldbus interfaces
Drivers with fieldbus communication interface (BC - CANopen, BP - PROFIBUS DP, EH - EtherCAT,
EW - POWERLINK and EI - EtherNet/IP executions) allow an higher level of integration with the
machine automation: machine central unit (fieldbus master), wired with all the controlled devices
(fieldbus node), can completely operate the driver using the digital communication (fig.5).
These driver allow:
- more information available for machine operation with better application performances
- improved accuracy and robustness of digital transmitted information
- costs reduction due to simpler and standardized wiring solutions
- costs reduction due to fast and simple installation and maintenance

3| ATOS PROGRAMMING SOFTWARE

E-SW programming software allow to set the valve’s functional parameters.

It is supplied in DVD format and can be easily installed on a desktop or a notebook computer (fig.6).
The software graphic interface is organized in pages and levels related to different specific functio-
nal groups and allows to:

e simply access all the functional parameters of Atos digital proportional valves and drivers

e numerically adapt the factory preset parameters to the application requirements

e verify the actual working conditions

e identify and quickly solve fault conditions

e store the customized setting into the valve/driver or into the PC
The software automatically recognizes the connected valve model and adapts the displayed parameters.
Different software versions are available depending on the driver communication interface to be
programmed (see [2)):

® E-SW-BASIC support: NP (USB) PS (Serial) IR (Infrared)

e E-SW-FIELDBUS support:  BC (CANopen) BP (PROFIBUS DP) EH (EtherCAT)

EW (POWERLINK) El (EtherNet/IP)

E-SW-* software with PQ option is required to program digital proportional components equipped
with alternated P/Q control:

e TES-S/LES-S proportional valves with S option (see tech table GS212)

e PES-S variable displacement pumps (see tech table GS215)

E-SW-*/PQ software supports also the programming of valves without alternated P/Q control SP, SF, SL

On first supply of the E-SW software, it is required to apply for the registration in the Atos download
area (www.download.atos.com) where you will find the latest releases of the Atos software,
manuals, drivers and configuration files - see also tech table GS500

Table GO01-6/E
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Fig.1 - open loop controls
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reference input
proportional valve
digital driver
valve’s transducer
actuator
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Fig.2 - closed loop controls

Fig.3 - integral-to-valve execution

Fieldbus Master

Fieldbus Nodes

Fig.6 - software setting of digital parameters
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4.1 Bias and Scale settings
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E TYPICAL SETTINGS OF DIGITAL PROPORTIONAL DRIVERS - see also tech table FO01

Bias setting

Compensation of the dead band in the hydraulic regulation of pro-
portional valve with spool positive overlap.

It is useful to improve the valve regulation performances while main-
taining the positive overlap function when the driver is switched off.

Scale setting

Adjustment of the maximum valve regulation at maximum reference

signal value.

This regulation is useful to:

e couple the driver maximum current with the maximum nominal
current of the proportional valve

e adapt the valve regulation to the system requirements

Ramps setting

Introduction of a smooth time-dependent increasing/decreasing of
the current supplied to the solenoid in front of a sudden change of
electronic reference input signal.

This function is useful for application where smooth hydraulic actua-
tion is necessary to avoid machine vibration and shocks.

Linearization setting

Adjustment of the relation between the reference input signal and
the valve regulation.

It is useful for applications where it is required to linearize the
valve’s regulation in a defined working condition.

Valve signals

Complete information about the driver and valve can be checked to
verify actual working conditions and to simplify maintenance and
tuning operations.

Available information include:

e driver status

e alarms

e reference and actual signals

® communication errors

Setting files

Driver parameter settings can be saved or loaded into computer's
archive.

Setting file can be used efficiently as a starting point when execu-
ting repetitive installation of the same driver.

A range of preset settings, corresponding to the parameters set-
tings of the most common proportional valves, is included in the
software installation.
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Table GO03-3/E
Digital Axis Motion Controllers

E WHAT IS DIGITAL AXIS MOTION CONTROLLER ?

The modern architectures of industrial machinery strongly increase the demand of accuracy, repeatability and performance.
This leads to the need of devices with complete regulations that integrate to the traditional axis positioning also the force and/or pressure controls.

Atos developments on digital electronics focus the integration of axis cards functions into proportional electrohydraulics either in integral-to valve or sepa-
rate format.

Digital controllers are the up to date solution for the motion control in modern machines and systems: they can be easily configured and PC programmed
to best manage, in closed loop, position, speed or force, of any electrohydraulic axis, piloted by a digital proportional valve.

They improve motion performances, simplify the automation architecture and may be interfaced by fieldbus the machine main control unit.

@ CONTROLLER SYNTHETIC COMPARISON

WA | o | T muEcTon

Main Function

Integral to valve Eurocard Eurocard

Valve’s Driver function ([ ]
Nr. of controlled Axis 1 1 1
Internal programmable cycles simple complete injection
Graphic programming software [ [} [ J
Operator Panel [ [ ]
Position control [ ) )
Velocity control [}
Plastic injection closed loop control )
Analog Position Transducer interface - Analog / Potentiometer () [ ] [ ]
Digital Position Transducer interface - SSI / Encoder [ [ [ J
Alternated control @ option [ ] [ ]
Pressure Transducer interface - Analog 2 2 2
Performance parameters setting (e.g. Dither, PID) [ ) ) [
Valve parameters setting (e.g. Bias, Ramp, Scale) @ factory preset [ ] [ ]
USB interface ®
Serial interface
CANopen fieldbus [}
PROFIBUS DP fieldbus [}
EtherCAT fieldbus )
POWERLINK fieldbus (]
EtherNet/IP fieldbus ()
Digital Input upto3 9 8
Digital Output upto2 8 8
Auxiliary Analog Input up to 2 6 6
Auxiliary Analog Output 2 3 3

|:| = alternative selection for position transducers and communication interfaces
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E DIGITAL PROPORTIONALS WITH INTEGRAL AXIS CONTROLLER - tech table FS230

Digital electronics include valve’s driver + axis controller to perform the position closed loop
of any linear or rotative hydraulic actuator.

They are integrated to direct or pilot operated directional proportionals and operated by
an external or internally generated reference position signal.

The selection of the electronic interface for one of the following position transducers, integral
or external to the actuator, is required in the controller’s code:

Analog:

e potentiometer ( voltage signal )

® magnetosonic ( voltage or current signal )

Digital:
® magnetosonic ( SSI serial interface )

e linear or rotative encoder ( TTL signal logics )

Two main functional command modes can be selected by software:
¢ real time external reference input — analog or digital by fieldbus communication
e internal reference generation of simple motion profiles, programmable by Atos PC softwa-
re and sequenced by the external machine central unit using on-off inputs
Available interfaces:
® up to 2 analog input for reference command signals, position (default) and pressure (S option)
® up to 2 analog output for monitor, position (default) and optionally pressure (S option)

e up to 2 on-off input for logic communication with the machine electronic control unit:
selection of motion sequences and inhibit command in front of machine alarm situation

® up to 2 on/off output for controller fault detection and axis status diagnostics
* USB communication interface (always present)
e [N / OUT fieldbus communication interface ( CANopen, PROFIBUS DP, EtherCAT,
POWERLINK or EtherNet/IP )
Additional functionalities:

o full software setting of the controller including the compensation of the main hydraulic
system characteristics, closed-loop PID gains and max error windows

e electronic compensation function for actuator’s seals friction
e separate power supply for the controller circuit and for the solenoid output stage, to allow

the safety emergency stop of the axis while maintaining active the controller and the field-
bus communication with the machine central unit

e S option is available, to combine pressure or force closed-loops to the original position
control: in this case additional interface is available for connection of load cell or 1-2
pressure transducers

¢ real time oscilloscope function to dynamically analyze the valve and axis performances
e detailed diagnostics of the axis status, faults and performance
e |EDs for controller operative conditions

e software setting of safety predefined procedures in case of faulty conditions

The digital valve with integral axis controller can be delivered already assembled on Atos ser-
vocylinder and wired to the relevant transducer, to realize a smart motion units, called
“Servoactuator”.

This execution speed up the installation and the start-up of the electrohydraulic axis and sim-
plify the overall machine control architecture.

The integral construction and the fixed number of electrical interfaces may involve customi-
zing of the mechanics, firmware and software, thus requiring technical cooperation with lea-
ding customers, a detailed presales analysis is ever required.

In the sketch at side are shown two typical examples of integral axis controller applications:

Parison

The Parison servoactuator integrates the 4-way servoproportional valve with integral axis con-
troller, to manage the position closed-loop control of the parison axis in plastic blow molding
machines; the machine electronic central unit supplies in real time the position analog com-
mand signal to the controller and obtain the parison actual position by the controller's monitor
analog interface.

Sheet Punching

The controller is integrated on a pilot operated 4-way directional valve to manage the pun-
ching axis position. It generates the motion sequences and the relevant closed-loop control.
The machine electronic central unit synchronizes punching and sheet movements through the
controller’'s on-off interface: input (start a new cycle) and output (cycle ended).

Proportional valve
with integral axis controller

4-way directional valve
Position control

4-way directional valve
Position / Force control

Punching Axis

Legend:

E pressure transducer

valve'’s spool transducer

actuator’s position transducer






| 4| EUROCARD AXIS CONTROLLER - tech table G340

The axis controllers in Eurocard format extend the quantity of available electronic interfaces and
functionalities thus obtaining a more flexible and general purpose hydraulic motion control unit.

These controllers must be interfaced to a 4-way proportional directional valve, analog or digi-
tal, connected with the actuator to be controlled. They generate an analog voltage/current
signal to command the valve’s electronic driver.

To perform the position control, they require the connection to the actuator’s position transdu-
cer, integral or external type. These controllers can be interfaced with any of the transducers
available for the digital proportionals with integral axis controller (see section[3]) and selecta-
ble by software.

Available interfaces:

® 6 analog input ( voltage or current, software selectable )
e 3 analog output ( voltage or current, software selectable )
e 9 on/off input (1 enable + 8 programmable )
e 8 on/off output (1 status + 7 programmable )

The above interfaces are all simultaneously available to allow communication with the machi-
ne control unit for sequencing of the internal generator, axis inhibit in case of machine alarm
situation, diagnostics, etc.

They can also be connected to auxiliary transducers (e.g. temperature) or dedicated to the
management of auxiliary valves to realize safe system configuration in case of failure or alarm.

Additional functionalities are the same of integral axis controller (see section|3]) plus:
e dedicated RS232 interface for connection with Atos PC programming software
e separate communication interface for fieldbus: CANopen or PROFIBUS DP

e front panel display and buttons for quick operation of parameter programming and dia-
gnostic without requiring the PC software

e advanced internal generation of motion profiles

Pressure or force closed-loop controls can be combined to the main position control by sim-
ple software setting. In this case additional pressure transducers or load cell have to be instal-
led in the hydraulic system and connected to the relevant analog interfaces available on the
controller, see sketch at side.

The Eurocard axis controllers are particularly indicated for motion control of a single axis with
multiple interfacing to the machine auxiliary subsystems, like proximity sensors and safety val-
ves/circuits, manual commands by operators during start up and emergencies, management
of motion sequences coordinated with other axis.

Thanks to the flexible general purpose controller’s structure and to the Atos easy PC program-
ming software, the Eurocard axis controllers can be simply adapted and optimized to any
specific application.

For standard and repetitive applications with requirements of integration with machine auto-
mation and high number of interfaces, the Eurocard axis controllers can be directly supplied
by Atos to leading OEMs with firmware and software customized to their specific application
requirements; in these cases a detailed presales analysis is strictly required.

Eurocard axis controller
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Bmal - of Machine
EEE S === Control Unit
=

g
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4-way directional valve
Position control

Machine
Control Unit

4-way directional valve
Position / Force control

Legend:

E pressure transducer

valve’s spool transducer

@ actuator’s position transducer
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E EUROCARD PLASTIC INJECTION CONTROLLER - tech table G345

The plastic injection controllers in Eurocard format are dedicated for electrohydraulic closed
loop controls of injection in plastic presses.

These controllers perform velocity and force closed loop controls, according to real time com-
mands (analog or fieldbus) generated by machine control unit (e.g. PLC). The machine con-
trol unit manages whole the injection process (Injection, Pack and Hold, Decompression,
Back Pressure) through dedicated digital commands or fieldbus communication.

These controllers must be interfaced to a 4-way proportional directional valve, analog or digi-
tal, connected with the actuator to be controlled. They generate an analog voltage/current
signal to command the valve’s electronic driver.

To realize the velocity control, they require the connection to the actuator’'s position transdu-
cer, integral or external type. These Eurocard controllers can be interfaced with any of the
transducers available for the digital proportionals with integral axis controller (see section[3])
and selectable by software.

. . Plastic injection controller
Available interfaces:

® 6 analog input ( voltage or current, software selectable )
e 3 analog output ( voltage or current, software selectable )
e 8 on/off input (1 enable + 2 programmable + 5 pre-configured to
manage of the injection process ) ] Machine
~| Control Unit

* 8 on/off output ( 1 status + 7 programmable )

The above interfaces are all simultaneously available to allow communication with the machi-
ne control unit for sequencing of the internal generation of injection cycle, axis inhibit in case
of machine alarm situation, diagnostics of the injection status, etc.

Additional functionalities:

¢ internal generation of injection cycle
e monitoring of injection process
e diagnostics of the injection status

e advanced internal generation of motion profiles

Remote pressure transducers have to be installed close to the injection actuator and connec-
ted to the controller, see sketch at side.

Thanks to the flexible controller’s structure and to the Atos easy PC programming software, these

Eurocard controllers can be simply adapted and optimized for plastic injection application. 4-way directlonal valve

Alternated Velocity/Pressure Control

1 Machine
Control Unit

4-way directional valve
Alternated Velocity/Force Control

Legend:

E pressure transducer

valve’s spool transducer

@ actuator’s position transducer
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Table GS500-3/E

Programming tools for digital electronics

Atos PC software, USB adapters, cables and terminators

POWER
SUPPLY
24VDC

Qi1

USB direct PC connection

¢

POWER
SUPPLY
24VDC

USB adapter PC connection

Programming software

Personal Computer

USB Isolator

USB Cable

Proportional valve with integral driver
USB Adapter

Cross Cable

SICICICIGICIS)

The E-SW / Z-SW programming software are
the entry door to the Atos digital technology.
They are supplied in DVD format and can be
easily installed on a desktop or a notebook
computer.

The intuitive graphic interface allows to:

set up valve’s functional parameters

verify the actual working conditions

identify and quickly solve fault conditions
adapt the factory preset parameters to the
application requirements

store the customized setting into the valve
archive the customized setting into the PC

The graphic interface is organized in pages
related to different specific groups of functions
and parameters.

The software automatically recognizes the con-
nected valve model and adapts the displayed
parameter groups, according to the selected
access level.

The programming software is available in diffe-
rent versions according to the driver and control-
ler communication interfacing (see section |1 ).
Fieldbus communication software includes also
dedicated manuals and configuration files for
user self management of the Atos electronics,
using a fieldbus master.

Features:

automatic valve recognition

multilevel graphic interface

numeric parameters settings (scale, bias,
ramp, linearization, dither, etc.)

real-time parameters modification
diagnostic and monitor signals

preset data storing into the digital driver and
controller

internal oscilloscope function

internal database of customized preset

DVD contents:

e software installer

e user manuals

e fieldbus communication manuals and confi-

1] PROGRAMMING SOFTWARE

guration files

Valve's functional parameters can be easily set up with Atos E-SW / Z-SW programming software using proper connection to the digital driver/controller.

\ E-SW

- BASIC /

E-SW = for valve drivers

Supported communication interfaces:
BASIC = NP (USB)

FIELDBUS = BC (CANopen)
EW (POWERLINK)

PS (Serial)

BP (PROFIBUS DP)
El (EtherNet/IP)

IR (Infrared)
EH (EtherCAT)

* - *
Supplies:
- = first supply
N = next supply

Option:
PQ = for drivers with alternated P/Q controls SP, SF, SL

Notes: E-SW-FIELDBUS allows EtherCAT, POWERLINK and EtherNet/IP drivers programming only through USB or Serial communication port
E-SW-*/PQ software supports the programming of valves without alternated P/Q control SP, SF, SL

Z-SW

- FULL -

Z-SW = for axis controllers

Supported communication interfaces:
FULL = NP (USB)

BC (CANopen)

EW (POWERLINK)

PS (Serial)
BP (PROFIBUS DP)
El (EtherNet/IP)

EH (EtherCAT)

Supplies:
- = first supply
N = next supply

Note: Z-SW-FULL allows EtherCAT, POWERLINK and EtherNet/IP controllers programming only through USB communication port

GS500





Free programming software, web download:

E-SW-BASIC Software can be downloaded upon web registration at www.download.atos.com; service and DVD not included

Upon web registration user receive via email the Activation Code (software free license) and login data to access
Atos Download Area

The software remains active for 10 days from the installation date and then it stops until the user inputs the Activation Code

DVD first supply of programming software, to be ordered separately:

E-SW-BASIC Software has to be activated via web registration at www.download.atos.com; 1 year service included

E-SW-BASIC/PQ Upon web registration user receive via email the Activation Code (software license) and login data to access personal
E-SW-FIELDBUS Atos Download Area.

E-SW-FIELDBUS/PQ The software remains active for 10 days from the installation date and then it stops until the user inputs the Activation Code
Z-SW-FULL

DVD next supplies of programming software, to be ordered separately:
E-SW-BASIC-N Only for supplies after the first; service not included, web registration not allowed

E-SW-BASIC/PQ-N Software has to be activated with Activation Code received upon first supply web registration
E-SW-FIELDBUS-N

E-SW-FIELDBUS/PQ-N
Z-SW-FULL-N

Note: the software BASIC, FIELDBUS and FULL are NOT interchangeable and must be ordered separately

Programming software FIELDBUS and FULL can program digital electronics through:
- USB communication port for all standard versions of drivers/controllers
- RS232 Serial communication port for all versions of AES s30 drivers and Z-ME-KZ-PS s12 controllers

DVD contents
Include software installer, user manuals and fieldbus configuration files (EDS for BC, GSD for BP, XML for EH, XDD for EW and EDS for El).
Atos Download Area

Direct access to latest releases of programming software, manuals, USB drivers and fieldbus configuration files at www.download.atos.com
Software and USB drivers can be easily installed following the instruction contained in the “info.txt” files.
An automatic mailing message will inform all the registered users whenever a new software upgrade is available.

E-SW / Z-SW minimum PC requirements

Personal Computer | Pentium® processor 1GHz or equivalent Memory 512 MB RAM + Hard Disk with 250MB free space
Operating System Windows XP SP3 Device Dvd reader
Monitor Resolution | 1024 x 768 Interface RS232 serial port (only for PS) or USB port

| 2| USB-ISOLATOR AND CABLE

E-SW / Z-SW software permit valve's parameterization through USB port.

to PC USB port

AEB, REB, RES, TEB, LEB 510 E-C-SB-USBM12cable .
AES, TES, LES, PES, TEZ, LEZ s40 or higher i E-A-SB-USB/OPT isolator

E-C-SB-USB/BM cable i
E-BM-AES, E-BM-RES s10 = rEy

WARNING: drivers/controllers USB port is not isolated! Use of USB isolator adapter is highly recommended for PC protection: wrong earthing connections
may cause high potential difference between GNDs, generating high currents that could damage the PC connected to drivers/controllers.

2.1 E-A-SB-USB/OPT - isolator adapter from PC USB port to USB cables

e USB 2.0 Full speed (12 MBps)
USB type A, female | E USB type A, male e electrical isolation 1 kV
to E-C-SB-USB/M12 to PC USB port e temperature range, -40° + +50° (relative humidity 25% + 75%)
50 e external power supply not required (power 400 mA output, 5V +10%)
L « MTBF >1,2 million hours (MIL standard)

2.2 E-C-SB-USB/M12 - 4 m cable

Connector to driver/controller side Connector to PC side
M12 - 5poles - male -
p A[TT5VUSB @) USB type A - male
2| ID (1)
3/GND_USB GND_USB |4 |||||| -
4|D- D-12] = E
3 4 Shield connected 5| D+ D+ 3] Shield connected
to the housing (1) do not connect to the housing
2.3 E-C-SB-USB/BM - 3 m cable
Connector to driver/controller side Connector to PC side
Mini USB type B - male F[1[+5V_USB +5v_USB [1]* USE type A - male
54321 S [2]D- D-2
T [=I—. 3o~ b+ |5 M [=)[3]
. [4]ID R
, : 4321
Shield connected 5/ GND_USB GND_USB |4] Shield connected

to the housing . : to the housing






E IR infrared - USB COMMUNICATION ADAPTER

The adapter have to be connected to the USB communication port of PC to activate the IR infrared communication interface towards Atos digital
electrohydraulics.

3.1 Connection tools

to PC USB port
E-A-PS-USB/IR adapter

E-MI-AS-IR s10
E-MI-AS-IR s11

3.2 E-A-PS-USBI/IR - 3 m adapter

e direct infrared communication with the driver

* USB male connector, type A

¢ plug-in format for direct infrared connection on the driver
e transmission rate 9,6 kbit/s

e external power supply not required (USB supply)

Infrared usB

£

E PS serial RS232 - USB COMMUNICATION ADAPTER AND CROSS CABLES

The adapter have to be connected to the USB communication port of PC to activate the PS RS232 serial communication interface towards Atos digital
electrohydraulics. The cross cables connect the relevant connector of the USB adapter with the communication port of the digital drivers/controllers.

4.1 Connection tools

AES s30
AERS, TERS, TES, LES, PES s31
TEZ, LEZ s10

. E-C-PS-DB9/M12 cable
O

to PC USB port

EX—pI’OOf AES s30 ] E-C-PS-DB9/M8 cable

Ex-proof AERS, TERS, TES, LES, s31

i B

M}Z E-A-PS-USB/DB9 adapter

E-BM-AS s11 &3 =

E-C-PS-DB9/DB9 cable

4]
=]
E-C-PS-DB9/RJ45 cable (:‘E
4]

Z-ME-KZ-PSs12 [[O }

Note: the adapter is not required if PC is already equipped with a RS232 serial communication port

4.2 E-A-PS-USB/DBS9 - 0,45 m adapter
RS232 usB

4.3 E-C-PS-DB9/M12 - 4 m cable

* DB9 male connector according to RS232 serial specification
* USB male connector, type A

e transmission rate from 1,6 kbit/s up to 225 kbit/s

® external power supply not required (USB supply)

Connector to driver side Connector to adapter/PC side

M12 - 5poles - female

DB9 - 9poles - female

Connect the cable shield to the metallic housing of DB9 connector

1 2 a1 543 21
. [5]RS_TX PC_RX [2]™ H‘“‘
5 M E:s 4| RS_RX PCTX[3| () {o feosed] o]
= *..|3] RS_GND PC_GND [5] .- S
4 3 : K . 9 8 7 6
Connect the cable shield to the metallic housing of DB9 connector
4.4 E-C-PS-DB9/M8 - 4 m cable
Connector to driver side Connector to adapter/PC side
M8 - 3poles - female DB9 - 9poles - female
4 . . 12345
~"[3] RS_TX PC_RX [2]™ |
3@1 (L —= [i[rs PCTX[3 [O 37 O]
@ “.[4/RS.GND ___PC_GND |5). D M
6 7 8 9
4.5 E-C-PS-DB9/RJ45 - 25 m cable
Connector to driver side Connector to adapter/PC side
RJ45 - 8poles - male DB9 - 9poles - female
= 543 21
. [6] RS_TX PC_RX [2]™ l
@:& 5] RS_AX PC_TX |3 (] {o o] O}
NN "..|4| RS_GND PC_GND |5] . ==
12345678 Connect the cable shield to the metallic housing of DB9 connector 9 87 6
4.6 E-C-PS-DB9/DB9 - 4 m cable
Connector to controller side Connector to adapter/PC side
DB9 - 9poles - male DB9 - 9poles - female
12345 543 21
uﬁ‘}_‘f “T2[RS_TX PC_RX [2]™ = m
o) o} 3| RS_RX PC_TX[3] . {O X OJ
{ M .|5| RS_GND PC_GND [5],.- D ==
6 7 8 9 9 8 7 6
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E BC CANbus - USB COMMUNICATION ADAPTER AND CROSS CABLES

The adapter have to be connected to the USB communication port of PC to activate the BC CANbus communication interface towards Atos digital
electrohydraulics. The cross cables connect the relevant connector of the USB adapter with the communication port of the digital drivers/controllers.

5.1 Connection tools

to PC USB port

AES s30 E-C-BC-DB9/M12 cable
AERS, TERS, TES, LES, PES s31 & dJ { 0
TEZ, LEZ s10
EX—pl’OOf AES s30 E-C-BC-DB9/RA cable
Ex-proof AERS, TERS, TES, LES, s31 = {0

(1) for usage prescriptions of the
fieldbus terminator E-TRM-BC-DB9/DB9, see section 9.2

Note: for AES s30 drivers, the CANbus adapter and cable are not required since driver programming can be performed via RS232 communication port, see 4.1

5.2 E-A-BC-USB/DB9 - 2 m adapter
CANbus usB

* DB9 male connector according to the CiA specification DR303-1
= * USB male connector, type A
e transmission rate from 10 kbit/s to 1 Mbit/s
e external power supply not required (USB supply)
Model: isCAN USB - Brand: ifak system e LEDs indicate the actual working condition

5.3 E-C-BC-DB9/M12 -2 m cable

Connector to driver side Connector to adapter side
M12 - 5poles - female ; . DB9 - 9poles - female
’ 5 F[B[ CANL 2, T 54321
< [3] CAN_GND 3| e
5 0 E:s 7] CAN_SHLD (SHIELD) |5 :(—QEE [o Basse] o}
= . |4] CAN_H 7] F e
4 3 "~ [2] CANLV+ 9|7 g 8 7 6

5.4 E-C-BC-DB9/RA -2 m cable

Driver side Connector to adapter side

wires to driver terminal block Torown| CANLL DB9 - 9poles - female

# |yellow| CAN_GND
shield| CAN_SHLD (SHIELD)
“. | white | CAN_H

green| CAN_V+

JQ[
QOT
- e8]
]
° o]

@ BP PROFIBUS - USB COMMUNICATION ADAPTER AND CROSS CABLES

The adapter have to be connected to the USB communication port of PC to activate the BP PROFIBUS communication interface towards Atos digital
electrohydraulics. The cross cables connect the relevant connector of the USB adapter with the communication port of the digital drivers/controllers.

6.1 Connection tools

AERS, TERS, TES, LES, PES s31 (0] to PC USB port
TEZ, LEZ s10 E-A-BP-USB/DB9 adapter

AES s30 E-C-BP-DB9/M12 cable
T W]

Ex-proof AES s30 E-C-BP-DB9/RA cable
Ex-proof AERS, TERS, TES, LES, s31 { O

E-C-BP-DB9/DB9 cable

Z-ME-KZ-PS/BP s12 E a ) @E ,,,,, (1) for usage prescriptions of the

fieldbus terminator E-TRM-BP-DB9/DB9, see section 9.2

Note: for AES s30 drivers and Z-ME-KZ-PS/BP s12 controllers, the PROFIBUS adapter and cable are not required since driver programming can be perfor-
med via serial RS232 communication port, see 4.1

6.2 E-A-BP-USB/DB9 - 2 m adapter

PROFIBUS uss e DB9 female connector according to the PROFIBUS RS485 specification

2 * USB male connector, type A

= e transmission rate from 1,6 kbit/s to 12 Mbit/s

e external power supply not required (USB supply)
Model: isPro USBx12 - Brand: ifak system ¢ LEDs indicate the actual working condition

m——m

6.3 E-C-BP-DB9/M12 -2 m cable

Connector to driver side Connector to adapter side
M12 - 5poles - male reverse key DB9 - 9poles - male
12345
1 4 I 1= ‘

o

IS

— .|5] CABLE SHIELD 1], ==
= O E:s B_UINE 3 :{_@EE [o e 0]
B= ™. |2] ALLINE 8. =
2 3 ) 6 7 8 9






6.3 E-C-BP-DB9/RA - 2 m cable

Driver side Connector to adapter side
wires to driver terminal block DB9 - 9poles - male
12345
] shield | CABLESHIELD [ 1]™., = :
g red | B_LINE 3l G [o b}f&“\‘( o}
.| green | A_LINE 8l =
6 7 8 9
6.4 E-C-BP-DB9/DB9 -2 m cable
Connector to controller side Connector to adapter/PC side
DB9 - 9poles - male DB9 - 9poles - male
12345 T 12345
{ W D .[1] CABLE-SHIELD 1 M
o) oJ ! [3]B_LINE 3 {o o}
o g:r):a Soant =P 2238
6 7 8 9 6 7 8 9

EtherCAT, POWERLINK AND EtherNet/P CABLE WIRING DIAGRAM

Typical EtherCAT, POWERLINK and EtherNet/IP cable wiring diagram from industrial M12 connectors to standard RJ45 ethernet connectors.

Connector to driver side
M12 - 4poles - male

Connector to EtherCAT, POWERLINK
and EtherNeV/IP network

RJ45 - 8poles - male

2 1 ST X+ white/orange [ 1]™.
3| TX- orange |2| .,
@E C 2| RX+ white/green |3 g
3 4 ~.|4] RX- green |6 .

Connect the cable shield to the metallic housing of M12 connector

FIRMWARE UPDATE

It is possible to update the firmware of the following digital drivers and controllers, using proper USB or RS232 serial communication port.
The firmware update is allowed starting from electronics series listed into the table or higher series:

USB E-RI-AEB s10 | E-RI-REB s10 | E-BM-AES s10 | E-RI-TEB s10 | E-RI-TES s40 | E-RI-TES-S s40 E-RI-PES-S s40 Z-RI-TEZ s40
E-RI-AES s40 | E-RI-RES s10 | E-BM-RES s10 | E-RI-LEB s10 | E-RI-LES s40 | E-RI-LES-S s40 Z-RI-LEZ s40
RS232 Serial E-RI-AES s30 | Z-ME-KZ s12
| 9| FIELDBUS TERMINATORS
For CANopen (BC) or PROFIBUS DP (BP) the fieldbus terminator has to be used.
| E - TRM - | BC| - |[mM2]| ¢ 5PM
Connector:
5PM = to BC executions, drivers/controllers (1)
Terminat 4PF = to BP executions, drivers/controllers (1)
erminator DB9 = to DB9 connector, cable side
Fieldbus interfaces: Connector:
BC = CANopen M12 = from M12 output fieldbus connector, drivers/controllers (1)
BP = PROFIBUS DP DB9 = from DB9 connector, adapter side

(1) for TES, LES, PES, TEZ, LEZ series 40 or higher

9.1 M12 - terminators for fieldbus network

The fieldbus terminators for CANopen and PROFIBUS DP are required when output fieldbus connector has to be used as network end point.

E-TRM-BC-M12/5PM network CANopen terminator
Adapter side
M12

5poles - male

E-TRM-BP-M12/4PF network PROFIBUS DP terminator
Adapter side 390 ohm
M12

4poles - female 291 ohm

to CANopen
network

to PROFIBUS DP
network

390 ohm

1 2 2
@ 3
4 3 4

terminator connection example for
TES, LES, PES, TEZ, LEZ
series 40 or higher

.
,
'

fieldbus network
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9.2 DB9 - terminators for USB adapter connection

The fieldbus terminators for CANopen and PROFIBUS DP are required when USB adapter has to be connected directly to the digital driver/controller.

E-TRM-BC-DB9/DB9 CANopen terminator for E-A-BC-USB/DB9 USB adapter

USB adapter

Terminator /

. CAN_SHLD | 5 5 | CAN_SHLD :
Adapter side = = e Cable side to PC
Daar CAN.GND | 3 3 | canGND DBY == o8 port
9poles - female CANL| 2 2 [ CAN_L 9poles - male ) .
543 21 [I|] 121 ohm 12345 bus line terminator must be used
| CANH| 7 7 |CANH A
[o T o} CANLV+ | 9 9 [ CANLV+ {o 135+ o} _ USB adapter
H\ Terminator / w0PC ]
gl
9 8 7 6 6 7 8 9 USB portf=
{J
E-TRM-BP-DB9/DB9 PROFIBUS DP terminator for E-A-BP-USB/DBQ UsB adapler bus line terminator must be used
Adapter side SHIELD | 1 1 | SHIELD Cable side USB adapter
Spoles - mal iy 6 ey Spoles - femal SR
oles - male oles - female
p lil 390 ohm P USB port
12 3 45 B_LINE | 3 3 | B_LINE 54 3 21
[I] 221 ohm L‘ﬂ‘,_f
E Q ALINE | 8 8 | ALINE {o [N o}
Iil 390 ohm "
6 7 8 9 GND | 5 5 | GND 9 8 7 6
bus line terminator must not be used
RECCOMENDED TOOLS SELECTION
10.1 Standard electronics
Model Code Series Software Cable USB Adapter Terminator
IR | E-MI-AS-IR 11 E.SW-BASIC E-A-PS-USB/IR
E-BM-AS 11 E-C-PS-DB9/RJ45
PS E-A-PS-USB/DB9
Z-ME-KZ-PS 12 Z-SW-FULL E-C-PS-DB9/DB9
E-BM-AES, E-BM-RES 10 E-C-SB-USB/BM
AEB, REB, TEB, LEB 10 E-SW-BASIC
NP | TES, LES 40 E-C-SB-USB/M12 E-A-SB-USB/OPT
TES, LES, PES with SP, SF, SL options 40 E-SW-BASIC/PQ
TEZ, LEZ 40 Z-SW-FULL E-C-SB-USB/M12
BP | Z-ME-KZ-PS/BP 12 Z-SW-FULL E-C-PS-DB9/DB9 E-A-PS-USB/DB9
E-BM-AES, E-BM-RES 10 E-C-SB-USB/BM
BP RES 10 E-SW-FIELDBUS
BC | AES, TES, LES 40 E-C-SB-USB/M12 E-A-SB-USB/OPT
EH TES, LES, PES with SP, SF, SL options 40 E-SW-FIELDBUS/PQ
TEZ, LEZ 40 Z-SW-FULL E-C-SB-USB/M12
EW TES, LES 40 or higher | E-SW-FIELDBUS
TES, LES, PES with SP, SF, SL options 40 or higher | E-SW-FIELDBUS/PQ E-C-SB-USB/M12 E-A-SB-USB/OPT
Bl ITEZ (EZ 40 or higher | Z-SW-FULL
10.2 Ex-proof electronics
Model Code Series Software Cable USB Adapter Terminator
AES 30
P _SW- _C-PS- _A-PS-|
S |'AERS TERS TES TES o E-SW-BASIC E-C-PS-DBY/M8 E-A-PS-USB/DB9
BP AES 30 E-C-PS-DB9/M8 E-A-PS-USB/DB9
AERS, TERS, TES, LES 31 E-SW-FIELDBUS E-C-BP-DB9/RA E-A-BP-USB/DB9 E-TRM-BP-DB9/DB9
Bc |AES 30 s E-C-PS-DB9/M8 E-A-PS-USB/DB9
AERS, TERS, TES, LES 31 E-C-BC-DB9/RA E-A-BC-USB/DB9 E-TRM-BC-DB9/DB9
10.3 Phase out electronics
Model Code Series Software Cable USB Adapter Terminator
IR |E-MI-AS-IR 10 E-SW-IR E-A-PS-USB/IR
AE:
S 0 E-SW-BASIC
PS AERS, TERS, TES, LES sl E-C-PS-DB9/M12 E-A-PS-USB/DB9
TES, LES, PES with SP, SF, SL options 31 E-SW-BASIC/PQ ke M
TEZ, LEZ 10 Z-SW-FULL
AE E-C-PS-DB9/M12 E-A-PS-USB/DB
S 30 E.SW-FIELDBUS C-PS-DBY/ S-USB/DB9
BP AERS, TERS, TES, LES 31
TES, LES, PES with SP, SF, SL options 31 E-SW-FIELDBUS/PQ E-C-BP-DB9/M12 E-A-BP-USB/DB9 E-TRM-BP-DB9/DB9
TEZ, LEZ 10 Z-SW-FULL
AES 30 E-C-PS-DB9/M12 E-A-PS-USB/DB9
E-SW-FIELDBUS
BC AERS, TERS, TES, LES 31
TES, LES, PES with SP, SF, SL options 31 E-SW-FIELDBUS/PQ E-C-BC-DB9/M12 E-A-BC-USB/DB9 E-TRM-BC-DB9/DB9
TEZ, LEZ 10 Z-SW-FULL
EH | AES 30 E-SW-FIELDBUS E-C-PS-DB9/M12 E-A-PS-USB/DB9
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Fieldbus

Table GS510-2/E

BC (CANopen), BP (PROFIBUS DP), EH (EtherCAT), EW (POWERLINK), EI (EtherNet/IP)

Typical CANopen or PROFIBUS DP fieldbus network

rs===== 1
' Analog ! _
Signals | ®

1
1
[y J

Power
Supply

LZHIH[D
—y

DHZO-AES-**

Typical EtherCAT, POWERLINK or EtherNet/IP fieldbus network

@

E B N
@ i Analog !
1) (5D ==t gnais

| Power
— Supply

Master/Scanner

DLKZOR-TES-**

Fieldbus communication interfaces are avai-

lable for digital proportional drivers and con-

trollers, granting several plus:

e more information available for machine
operation to enhance its performances

e improved accuracy and robustness of digi-
tal transmitted information

e costs reduction due to simpler and stan-
dardized wiring solutions

e costs reduction due to fast and simple
installation and maintenance

e direct integration into machine’s communi-
cation networks

These executions allow to operate proportional

valves and pumps through fieldbus or using

the analog signals on main connector (.

Fieldbus distributed-control

Fieldbus communication allows to share all
the available information of the digital drivers
and controllers (reference, monitor, etc).
This distributed-control design allows to
implement powerful machines functionalities

for tuning, diagnostic, maintenance, etc.

CANopen and PROFIBUS DP

CANopen and PROFIBUS DP networks con-
sist of a common cable (2 twisted wire, @)
for digital communication: several devices
(node ®) can be connected to this main
cable by means of short cable branches @.
The two endpoints of the main cable must be
terminated with specific devices (terminator,
(®) to dissipate or absorb the communication
signal’s energy thus preventing interferences

and degradations of fieldbus transmission.

EtherCAT, POWERLINK, EtherNet/IP
EtherCAT, POWERLINK and EtherNet/IP
networks consist in a Ethernet common
cable (4 twisted wire, ®) for digital commu-
nication. All EtherCAT, POWERLINK and
EtherNet/IP slave/adapter devices have
always the double connector for signal input @
and signal output (®).

The main Ethernet cable starting from the
EtherCAT, POWERLINK or EtherNet/IP
master/scanner, has to be connected to the
slave/adapter input connector.

The slave/adapter output connector has to
be connected to the next slave/adapter input
connector.
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E CANopen features for digital drivers and controllers in BC execution

Physical

Serial input format Industrial field-bus with optical insulation type CAN-Bus 1ISO11898
Transmission rate  Transmission rates from 10 Kbit/s to 1 Mbit/s

Max node 32 per segment without repeater; 127 per segment with repeater

Communication Protocol

Data Link Layer DS301 V4.2.0 - based on CAN standard frame with 11-bit identifier
Device Profile DS408 - Fluid Power Technology (EN50325-4)

Device type Slave

Startup and configuration (as per DS301+DSP305)
Boot up process  Minimum boot-up
Node setting LSS (Layer Setting Services)
SDO
E-SW-FIELDBUS and Z-SW-FULL programming software
dip-switches (only for TERS ex-proof, AERS ex-proof)
Baudrate setting LSS (Layer Setting Services), SDO
Baudrate 10/ 20/ 50 (default) / 125 / 250 / 500 / 1000Kbit/s

Fieldbus communication diagnostic (as per DS301)

Device Error Emergency
Network Error Node Guarding
Heartbeat

Real-time communication (as per DS301 + DS408)
RPDO Four mappable PDOs to the drivers:

Four mappable PDOs to the controllers:
TEZ, LEZ

TPDO Four mappable PDOs from the drivers:

Four mappable PDOs from the controllers:

TEZ, LEZ
R(T)PDO types Event Triggered, Remotely requested, Sync(cyclic) and Sync(acyclic)

Non real-time communication (as per DS301 + DS408)
SDO One SDO (1 Server + 1 Client)

AES, BM-AES, TES, LES, RES, BM-RES, PES, TERS ex-proof, AERS ex-proof

AES, BM-AES, TES, LES, RES, BM-RES, PES, TERS ex-proof, AERS ex-proof

Standard references

ISO 11898

Road Vehicles — Interchange of digital
information controller area network
(CAN) for High-speed communication
EN50325-4

Industrial communication subsystem
based on ISO 11898 (CAN) for control-
ler device interfaces

CiA DS301

CANopen — Application Layer and
Communication Profile for Industrial
Systems

CiA DR303-1

Cabling and connector pin assignment
CiA DSP305

CANopen — Layer Setting Services and
Protocol

CiA DS408

CANopen — Device Profile for
Proportional Hydraulic Valves v 1.5.2

Programming interface

Configuration file

Manuals

E-SW-FIELDBUS and Z-SW-FULL software using proper cable/adapter (see tech table GS500) or CANopen master device

EDS (Electronic Data Sheet), enclosed in programming software DVD E-SW-FIELDBUS and Z-SW-FULL

E-MAN-S-BC and STARTUP-FIELDBUS, enclosed in programming software DVD E-SW-FIELDBUS
Z-MAN-S-BC and STARTUP-FULL, enclosed in programming software DVD Z-SW-FULL






E PROFIBUS DP features for digital drivers and controllers in BP execution

Physical

Serial input format Industrial field-bus with optical insulation type PROFIBUS-DP RS485
European fieldbus standard (lev.1 — EN50170-part 2)

Transmission rate  Transmission rates from 9,6 Kbit/s to 12 Mbit/s

Max node 32 per segment without repeater; 126 node with repeater

Communication Protocol

Data Link Layer PROFIBUS DPVO - IEC 61158 (type 3)

Device Profile PROFIBUS-DP Profile for Fluid Power Technology
Device type Slave

Startup and configuration

Boot up process  SAP 61 for sending parameter setting data
SAP 62 for checking configuration data

Node setting SAP 55
E-SW-FIELDBUS and Z-SW-FULL programming software
dip-switches (only for TERS ex-proof, AERS ex-proof, KZ)

Baudrate setting  Automatic

Baudrate 9,6/19,2/45,45/93,75/187,5 /500 /1500 / 3000 / 6000 / 12000 Kbit/s

Fieldbus communication diagnostic
Device error SAP 60

Real-time communication

PZD Process data area of PPO telegram by Data Exchange, default SAP:
cyclic transmission of standard Profibus frame

Standard electronics - drivers
PPO type 3 for:
AES s40, BM-AES s10, TES s40, LES s40, RES s10, BM-RES s10

PPO type 5 for:
TES s40, LES s40, PES s40 with S option

PPO type 113, 213, 230 for:
TES s40, LES s40, RES s10
PPO type 115, 214, 240 for:
TES s40, LES s40, PES s40 with S option

Standard electronics - controllers

PPO type 1, 101, 103 for:
TEZ s40, LEZ s40, KZ s11

PPO type 111, 121, 123, 223, 227 for:
TEZ s40, LEZ s40

Ex-proof electronics - drivers

PPO type 3 for:
AES s30, TES s31, LES s31, TERS s31, AERS s31

PPO type 5 for:
TES s31, LES s31

Cyclic mode standard, sync and freeze

Non real-time communication

PKW Parameter data area of PPO telegram by Data Exchange, default SAP:
acyclic transmission of standard Profibus frame

Standard references

PROFIBUS profile
PROFIBUS Profile,

Fluid Power Technology,

Edition Oct. 2001
VDMA profile

Fluid Power Technology,

Proportional Valves and

Hydrostatic Transmissions, ver 1.1

Programming interface

Configuration file

Manuals

Z-MAN-S-BP and STARTUP-FULL, enclosed in programming software DVD Z-SW-FULL

E-SW-FIELDBUS and Z-SW-FULL software using proper cable/adapter (see tech table GS500) or PROFIBUS DP master device

GSD (General Station Description) enclosed in programming software DVD E-SW-FIELDBUS and Z-SW-FULL

E-MAN-S-BP and STARTUP-FIELDBUS, enclosed in programming software DVD E-SW-FIELDBUS
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E EtherCAT features for digital drivers and controllers in EH execution

Physical

Transmission rate 2 x 100 Mbit/s (Fast Ethernet, Full-Duplex)

Max node 65535 slaves

Ethernet Standard ISO/IEC 8802-3 frame format

EtherType 0x88A4 according IEEE 802.3

Cable length 0,2 - 100m (between two slave devices)

Cable type CATS (4 wire twisted pair) according with T568B

Network topology Line, tree and star
Termination Device internally

Communication Protocol

Data Link Layer EtherCAT use Standard Ethernet Frames:
ISO/IEC 8802-3 + IEC 61784-2

CANopen over EtherCAT (CoE) DS408 - Fluid Power Technology
EN 50325-4

Device type Slave

Supported protocol CANopen SDO Mailbox-Interface “CoE”
Network Management
PDO
PDO Watchdog

Device Profile

Startup and configuration (as per DS301+DSP305)
Node setting Automatic position addressing
Device node addressing

Baudrate 100 Mbit/s (Automatic)

Fieldbus communication diagnostic (as per DS301)

Device Error Emergency

Real-time communication (as per DS301 + DS408)

RPDO 4 PDOs messages to the driver (up to 32 byte for each PDO)
TPDO 4 PDOs messages from the driver (up to 32 byte for each PDO)
R(T)PDO types Remotely requested

Non real-time communication (as per DS301 + DS408)
SDO One SDO (1 Server + 1 Client)

Serial input format  Industrial fieldbus type Fast Ethernet galvanically insulated IEC 61158-2

Standard references

1SO 11898

Road Vehicles — Interchange of digital
information controller area network
(CAN) for High-speed communication

EN 50325-4

Industrial communication subsystem
based on ISO 11898 (CAN) for control-
ler device interfaces

CiA DS301

CANopen — Application Layer and
Communication Profile for Industrial
Systems

CiA DSP305
CANopen — Layer Setting Services and
Protocol

CiA DS408
CANopen - Device Profile for
Proportional Hydraulic Valves v 1.5.1

IEC 61076-2-101

Connectors for electronic equipment
- Product Requirements -

Part 2-101: Circular connectors

- Detail specification for M12 connec-
tors with screw-locking

IEC 61158-2

Industrial communication networks

- Fieldbus specification -

Part 2: Physical layer specification and
service definition

IEC 61784-2

Industrial communication networks

- Profiles -

Part 2: Additional fieldbus profiles for real-
time networks based on ISO/IEC 8802-3

Programming interface

Configuration file

Manuals

E-SW-FIELDBUS and Z-SW-FULL software using proper cable/adapter (see tech table GS500) or EtherCAT master device

XML (Extensible Markup Language) enclosed in programming software DVD E-SW-FIELDBUS and Z-SW-FULL

E-MAN-S-EH and STARTUP-FIELDBUS, enclosed in programming software DVD E-SW-FIELDBUS
Z-MAN-S-EH and STARTUP-FULL, enclosed in programming software DVD Z-SW-FULL






E POWERLINK features for digital drivers and controllers in EW execution

Physical Standard references

Serial input format  Industrial fieldbus type Fast Ethernet galvanically insulated IEC 61158-2 EPSG DS301

Transmission rate 2 x 100 Mbit/s (Fast Ethernet, Half-Duplex) Ethernet POWERKLINK

Max node 239 slaves Communication Profile Specification v 1.2
Ethernet Standard ISO/IEC 8802-3 frame format EPSG DS302-A/B/C/D/E

EtherType 0x88AB according IEEE 802.3 Ethernet POWERKLINK

Part A: High Availability v1.1

Int ted Hub
ntegratea Hu Part B: Multiple ASnd v1.0

Cable length 0,2 - 100m (between two slave devices) Part C: PollResponse Chaining v1.0
Cable type CAT5 (4 wire twisted pair) according with T568B Part D: Multiple PReg/PRes v1.0
Network topology  Line, tree, star, daisy chain, ring structure or any combination of these | | Part E: Dynamic Node Allocation v1.0
topologies EPSG DS311
Ethernet Hub Integrated with 2 ports: Ethernet POWERKLINK
- one led for Link/Activity indicator (on each port) XML Device Description v 1.0
- one bicolor led Status/Error indicator CiA DS408

CANopen - Device Profile for
Proportional Hydraulic Valves v 1.5.1

Communication Protocol IEC 61076-2-101

Data Link Layer POWERLINK use Standard Ethernet Frames: Connectors for electronic equipment
ISO/IEC 8802-3 + IEC 61784-2 - Product Requirements -
Comm. Profile EPSG DS 301 vi.2 Part 2-101: Circular connectors
Device Profile CANopen over Ethernet based on DS408 - Fluid Power Technology - Detail specification for M12 connec-
Device type Slave - supported features: tors with screw-locking
- Ethernet POWERLINK v2.0 IEC 61158-2

Industrial communication networks
- Fieldbus specification -
Part 2: Physical layer specification and

- Ring Redundancy

- Support PollRsponse Chaining
- Support Multiplexing service definition

- Cycle time min 200 psec IEC 61784-2

- SDO Multiple Parameter Read/Write Industrial communication networks

- Profiles -

Part 2: Additional fieldbus profiles for real-

Startup and configuration (as per EPSG DS301 + EPSG DS 302-A/B/C/D/E) fime networks based on ISO/IEC 8802.3

Node setting E-SW-FIELDBUS and Z-SW-FULL programming software IEC 61784-3
Baudrate 100 Mbit/s (Automatic) Industrial communication networks
- Profiles -

. L . . Part 3: Functional safety fieldbuses -
Fieldbus communication diagnostic General rules and profile definitions
Custom parameters mappable on TPDO for emergency diagnosis IEC 61158-300/400/500/600

Industrial communication networks
- Fieldbus specifications -
Real-time communication (as per EPSG DS301 + DS408) Part 300: Data Link Layer service
RPDO 1 PDO message to the driver definition
(max number of of mapping parameters is Device specific) Part 400: Data Link Layer protocol
TPDO 1 PDO message from the driver specification
(max number of of mapping parameters is Device specific) Part 500: Application Layer service
definition
Part 600: Application Layer protocol
specification
ISO 15745-1

Industrial automation systems and
integration - Open systems application
integration framework -

Part 1: Generic reference description

Programming interface
E-SW-FIELDBUS and Z-SW-FULL software using proper cable/adapter (see tech table GS500) or POWERLINK master device

Configuration file
XDD (XML Device Description) enclosed in programming software DVD E-SW-FIELDBUS and Z-SW-FULL

Manuals

E-MAN-S-EW and STARTUP-FIELDBUS, enclosed in programming software DVD E-SW-FIELDBUS
Z-MAN-S-EW and STARTUP-FULL, enclosed in programming software DVD Z-SW-FULL
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E EtherNet/IP features for digital drivers and controllers in El execution

Physical

Ethernet Standard  ISO/IEC 8802-3 frame format

EtherType IEEE 802.3

Transmission rate  10/100 Mbit Full/Half-Duplex

Integrated 2-port switch

Cable length max 100m

Cable type CATS5 (4 wire twisted pair) according with T568B
Network topology ~ Device Level Ring (DLR), linear, star structure
Ethernet port Led indicator:

- two led for Link/Activity indicator (on each port)
- one bicolor led Status/Error indicator

Communication Protocol

ODVA CIP Object Model
ODVA CIP Obiject library for Generic Device Profile
- Identity Object (0X01)
- Message Router Object (0x02)
- Assembly Object (0x04)
- Connection Manager Object (0x06)
- Parameter Object (0xOF)
- DLR Object (0x47)
- QoS Object (0x48h)
- Port Object (0xF4)
- TCP/IP Object (OxF5)
- Ethernet Link Object (OxF6)
Valve parameters accessible via Vendor Specific Object 0xA2
IP address setting (range 0.0.0.0 - 255.255.255.255):
- TCP/IP Object (0OxF5)
- DHCP
- Auxiliary USB communication + Atos Software
I/O Adapter and Explicit Message Server device type
Cyclic data transmission via Implicit Messages (transport class 1)
- Minimum RPI for Implicit Messages 1ms
- Total number of supported class 1 connections: 4
- Up to 5 parameters and 20 bytes for each connection
- Trigger types: Cyclic CoS
Acyclic data transmission via Connected and Unconnected Explicit Messages (transport class 3)
- Minimum RPI for Explicit Messages 100ms
- No. of simultaneous Class 3 connections: 6
IT functions (FTP server, web server)

Standard references

IEC 61918

Industrial communication networks
- Installation of communication
networks in industrial premises

IEC 61076-2-101

Connectors for electronic equipment
- Product Requirements -

Part 2-101: Circular connectors

- Detail specification for M12 connec-
tors with screw-locking

EC61158-1

Industrial communication networks

- Fieldbus specification -

Part 1: Overview and guidance for the
IEC 61158 and IEC 61784 series

IEC 61158-2

Industrial communication networks

- Fieldbus specification -

Part 2: Physical layer specification and
service definition

IEC 61784-1

Industrial communication networks
- Profiles -

Part 1: Fieldbus profile

IEC 61784-2

Industrial communication networks

- Profiles -

Part 2: Additional fieldbus profiles for real-
time networks based on ISO/IEC 8802-3

IEC 61784-3

Industrial communication networks

- Profiles -

Part 3: Functional safety fieldbuses -
General rules and profile definitions

IEC 61784-5-2

Industrial communication networks
- Profiles -

Part 5-2: Installation of fieldbuses -
Installation profiles for CPF 2

ISO 15745-4

Industrial automation systems and
integration - Open systems application
integration framework -

Part 4: Reference description for
Ethernet-based control systems

Programming interface

Configuration file

Manuals

Z-MAN-S-El and STARTUP-FULL, enclosed in programming software DVD Z-SW-FULL

E-SW-FIELDBUS and Z-SW-FULL software using proper cable/adapter (see tech table GS500) or EtherNet/IP scanner device

EDS (Electronic Data Sheet) enclosed in programming software DVD E-SW-FIELDBUS and Z-SW-FULL

E-MAN-S-El and STARTUP-FIELDBUS, enclosed in programming software DVD E-SW-FIELDBUS
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1. PURPOSE

The goal of the Suppliers Quality Manual (SQM) is to define the general requirements and activities
of the Quality Management System (QMS) that Atos expects from its partners to ensure a complete
control of the production processes, products, and a continuous improvement in the quality of the
supplies. Atos is convinced that its suppliers are essential members of its processes with whom share
the responsibility for the customer satisfaction.

Atos is committed to actively support their suppliers to integrate the methodologies and tools required
in this SQM to their quality system.

The activation of the methodologies and tools required in the SQM must be viewed as an opportunity of
growth and improvement for all those who still do not implement them.

The Atos Quality Assurance Service and Purchasing department are available for any clarification or
deepening on the contents of this manual.

2. GENERAL REQUIREMENTS

Through the application of the methods here described, Atos directs its suppliers towards the
achievement of ISO 9001 certification. Beyond this, Atos guides and actively supports its suppliers in
the development of some methodologies and tools typical of the ISO / TS 16949 standard (e.g.
PAP, Control plans, flow charts, and others) that Atos considers to be of added value in terms of
improvement of the quality assurance of the finished product.

The supplier must establish and maintain objectives and goals for each process, as far as possible,
specific and measurable. The enabling of improvement programs, in which they identify resources,
responsibilities and timelines, will then be the means to achieve those objectives.

Upon notification, Atos needs access to the suppliers plant and, in cases deemed to be of major
importance, obtain the willingness to visit its sub-suppliers, in order to evaluate parts, processes,
documentation, methodologies and systems used for the production, control of the supply.

3. SUPPLIERS SELECTION

3.1 Scope

This section is intended to illustrate the process of Selection and Approval of suppliers. The increasing
Market demands in terms of quality and reliability, pushes the choice of suppliers that guarantee high
standards and high repeatability of the production processes. The objective of Atos, in these terms, is
to create a park of suppliers that meet these requirements and with whom to start a relationship of
partnership and mutual growth.

Prepared by: M.Fanchini Approved by: P. Salvini Date: 16/01/2015 Pag. 2





MAN-A-006-E/0 SUPPLIERS QUALITY MANUAL at@S®A

3.2 Selection of potential Suppliers

The suitability of a potential supplier is defined by a double assessment by the Quality and Purchasing
depts. of Atos.

1. At first, Atos analyzes the company structure, the production potential and all those aspects that
allow getting an overview of the supplier capability. In this regard, the company considered is invited to
fill in the "Pre-Assessment Supplier Questionnaire" (QT1 form).

2. Afterwards it is then carried out an inspection at the supplier plant in which Atos analyzes the
production process, examining the crucial elements and paying particular attention to the quality
management system. The assignment of a score for each aspect of the QMS will be reported in the
questionnaire and thus will contribute to the final evaluation that will be communicated later through
official audit report (QT.251 form, "Supplier Quality Audit"). The achievement of the minimum score
(90%) in accordance with ISO 9001, will determine the suitability of the company to provide products to
Atos. A lower score will not affect the possibility of the supplier to produce for Atos, provided that it will
proceed, in the meantime, to the presentation and the subsequent implementation of an action plan to
achieve the standards set within the timeline declared and with the implementation of the appropriate
corrective actions.

A supplier is considered appropriate to supply Atos only if both evaluations express a positive outcome.

SUPPLIER APPROVAL PROCESS

'DENTIFICATION SUITABILITY PRE ASSESSMENT S A AUDIT SCORE SUPPLIER
OFTSLEJ:F?LTEETIAL_’ EVALUATION  [”| QUESTIONNAIRE [ 3 ™ +actions [T ApprovAL

IMPLEMENTATION OF
THE ACTION PLAN

3.3 Suppliers Approval

The supplier that achieves positive result after double evaluation is enabled as a "qualified supplier".
Will be evaluated every six months through Vendor Rating (see Chap.13). The qualification of the
approved supplier will lead the same, in case of progress, to the Self-Certification status first, and
then to the Free-Pass status of the supplies (see Chap. 14).

4. PURCHASE CONDITIONS

Delivery of the products must comply with the provisions in the document "General conditions of
Purchase" (Annex to the order) or specific "framework supply agreement” in terms of delivery, quality,
price and the supplier's responsibility. Details of the contract requirements are entirely written on
contracts.

Any variation from the provisions must be authorized in advance by reference functions of Atos. For
each supply must be issued a delivery note showing the details of the purchase order and the
references to the product codes.

A copy of each order must be returned for acceptance, duly stamped and signed.

Deliveries are made every day except Saturdays, Sundays and public holidays during the week at the
following times: 8:00 to 12:15, 13:15 to 17:00. Days and times different than expected reading should
be agreed in advance with the Purchases department of Atos. The terms agreed for deliveries are
mandatory.
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5. TECHNICAL DOCUMENTATION

Atos distributes to its suppliers the necessary technical documentation for the manufacturing of its
products. These documents are exclusive property of Atos; it is therefore forbidden to reproduce and
distribute to any outside organization or company that is not part of the group.

5.1 Drawings and technical characteristics

The technical drawing gives the necessary indications for the manufacture of the part or equipment. It
shows all the views and sections necessary for the complete identification of the exact shape and size,
accompanied by dimensions and tolerances, machining marks of the various parts, indications of
materials, including any treatments or surface finishes. The technical drawings sent by Atos to its
suppliers may include: standard component (relative to an equipment provided with technical table) or
non-standard component.

5.2 Technical specifications

The technical specification is a document accompanying drawings to make conform the product to the
contract, to a certain function or use. It defines the characteristics required of a product, the safety, the
size, the requirements applicable to the product concerning the terminology, symbols, testing and test
methods, packaging, marking and labeling.

Atos, in addition to the technical specifications that define the above and directly related to the specific
product, shares with its suppliers also specifications that show the proper activities and management of
orders as expected from its quality standards.

5.3 Management of Atos technical documentation

The supplier that is starting to produce an Atos component, must have the reference drawings and
technical specifications according to the revision index specified in the purchase order. It is his task
to manage, store and distribute internally such documentation.

6. IDENTIFICATION AND TRACEABILITY

6.1 Identification

The supplier must provide an adequate system that allows, by suitable means (plates, tags, production
sheets), the recognition of the type and the code of the various parts during the manufacturing
process, discriminating even the scraps from the conform parts. The identification is ensured by the
correlation between physical product and identification data on the documents.

6.2 Traceability

Each batch of products in order, during processing and delivery must be recognized and distinguished
from other identical batch but produced separately, in different times and conditions, identified with the
documentation attesting the processes, controls and tests carried out. The traceability of Atos
products, done through the placing of an alphanumeric code assigned at the beginning of the process
and maintained up to delivery, aims to trace every batch supplied in a unique way.

The raw material traceability code is assigned by Atos Quality dept. as described in paragraph 6 of the
SAS-042-M specification. The traceability code, depending on the product on which it will appear, may
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provide (in addition to the raw material traceability) the reference to the Atos purchase order number as
indicated in Table 1 of the SAS-042-M. Only if previously agreed and accepted by ASQ Atos, is allowed
the addition of serial numbers in use by the supplier for internal traceability.

For more details, see the specifications:
SAS-042-M: Assignment of traceability codes for raw material
QA-008-01-ASQ: Identification and traceability, traceability of raw materials

7. PART APPROVAL PROCESS (PAP)

7.1 Purpose

The PAP is designed to show that the supplier of components has developed its own process of design
and production to meet the needs of Atos. The primary purpose is to determine if the new processes
or changes made on the existing ones can ensure that the products are conform to the
dimensional, functional and reliability requirements.

The result of this evaluation is formalized in a series of documents collected in a "PAP folder" that the
supplier delivers to Atos together with an agreed product sampling to ensure its full compliance with the
drawing. The PAP requires formal approval by the supplier and Atos. The Atos analysis on samples
and accompanying documentation, is intended to determine that the product made with the "new
process" does not hide problems with the use and over time could evolve into Nonconformities.

The PSW (Part Submission Warrant) is the declaration of responsibility of the supplier and its approval
means that the supplier, in the person of the responsible representative (usually the Quality Manager)
examined this package, and that Atos has not identified any issues that may prevent his approval.

An approval for the production, managed in accordance to what is described above, is released from
Atos exclusively for:

— A specific product code

A specific revision index of the product code

A specific Supplier plant/equipment/process

A specific Sub-tier supplier

The PAP is to be submitted also for the changes in production processes for products under
the Self-Certification or Free-Pass.

Depending on the change to the production process, the Quality department of Atos may require a
series of documents referred to the three possible levels (A, B, C) shown in chap. 6 of the SAS-465-Q.

For more details, refer to the SAS-465-Q specification, Management of the Product Approval Process.

7.2 Field of application of the PAP

The Supplier must always report and request written approval (by mail sent to Suppliers Quality

Responsible Atos) before shipping the product in the following cases:

— New component or product

— Modification of the product at the design level, in the technical specifications or materials

— Use of alternative materials to those already listed in the drawing (not already listed as alternative in the
drawing or specification)
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— New sub-tier suppliers for components, different materials, treatments

— Changes in the production process and / or changes in the working methods

— New equipment and / or plant, added or changed

— Update or rearrangement of equipment and / or existing plant

— Production performed with equipment and / or plant transferred to different or additional production plant
Atos Quality, depending on the criticality of the product, the use to which it is intended or the risk connected
to the change, will define whether or not to open the PAP procedure and the level to assign.

For more details, refer to the SAS-465-Q specification, Management of the Product approval Process.

8. INSPECTION AND TESTING

8.1 Inspection by the Supplier

The supplier must perform inspections on the process and product during any stage of processing and
managing of the products realized for Atos. This should reflect what appears in the control plan.

PS: The control plan defines and displays all of the controls necessary to ensure the suitability of the
product assuring that the process variations remain within acceptable limits.

In order to ensure the compliance of the product and the identification of possible causes of defects, as well
as the immediate action for their resolution, the supplier has the duty to perform:
a) checks in the production startup; b) in-line checks; c) final checks.

Parallel to the quality department activities is essential to perform self-controls by the operator, equipped
with appropriate and certified measuring instruments, with dimensional checks during the managed
production process. The evidence of the dimensional checks required in the control plan, must be made
through the recording of the data that the supplier must maintain to demonstrate compliance of the product.

8.2 Acceptance inspection of Atos

Atos reserves the right to carry out acceptance inspection on the product delivered by its suppliers, with

frequency and sampling method defined in accordance with its internal procedures. Depending on the

historical quality data of the product, can be assigned three different levels of sampling control.

— Normal sampling: sampling standard assigned as default

— Reduced sampling: smaller sampling activated with five consecutive batches accepted with normal
sampling

— Reinforced: greater sampling activated after two consecutive batches rejected with normal sampling

— The Self-certification status is controlled by reduced sampling.
— The free-pass status does not require any dimensional check in acceptance inspection

The acceptance inspection of Atos does not free in any way the liability of the supplier for the quality of
the product delivered and documentation submitted.

The delivery of defective supply, thus not satisfying the specifications outlined in the design or
technical specifications supplied by Atos, produces a Not Conformity in Acceptance.

For more details, refer to SAS-080-Q specification, sampling control in acceptance.
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8.3 Characteristics of the product subject to control

The checks performed on the product may interest to the following requirements:

8.3.1 Dimensional and geometrical characteristics

All the dimensions and tolerances expressed in the drawing (dimensional values, roughness and
geometric tolerances) to be observed in the production phase and whose verification generates values
objectively assessable.

8.3.2 Burrs and processing residues

It is essential to avoid the possible presence of burrs or processing residues that, while not
representing the "out of tolerance" with respect to the dimensions, while using the product could cause
contamination of the fluid circulating in the system, malfunctions or blocking of the internal sliding parts.
For further information contact Atos Quality dept.

8.3.3 Aesthetic Features

Some aesthetic defects, although not creating out of tolerance or potential functional consequences,
are not acceptable because affects the final appearance of the product and may cause complaints from
the customer. This category includes: protective treatment non-homogeneous, surface defect on the
casting or machining. For further information contact the Atos Quality dept.

8.3.4 Technological characteristics

The characteristics related to the material or to the treatment applied to the part, must comply with the
table in the drawing or specification. It is therefore necessary to have the material analysis certificate
issued by the raw material sub-tier supplier.

8.4 Levels of critical features

The level of criticality, reported on the technical documentation distributed to the supplier, is a
classification given to a single component and assembly in relation to the impact on the operation or
safety in the event of its functional or structural failure. The scale of criticality consists of the following
levels:

Critical class: the characteristic that the experience and the technical judgment indicate should be
obtained in order to avoid possible sources of risk, unsafe working conditions or the failure of the
product. This characteristic is indicated in the technical documentation Atos with a "C" surrounded by a

triangle

Important class: characteristic tolerated explicitly on the drawing, the failure to obtain can reduce the
possibility of use of the product with respect to the intended use.

Common class: feature where the failure to obtain not reduces the possibility of use of the product
with respect to the intended use or constitutes a modest deviation to it. Are features subject to general
tolerances, as indicated in the title block of the drawing.
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8.5 Measuring instruments and equipment

The supplier, to guarantee the checks executed and reported in the quality certificate sent to Atos and
compliance with the dimensions listed in the drawing, must have and use appropriate measuring
instruments properly identified, managed, calibrated and certified in accordance with applicable
standards (ISO 9001).

The measuring instruments must have adequate degree of uncertainty and resolution according to the
measures to be checked.

The measuring equipment must also be calibrated or verified at specified intervals according to
international/national standards or in reference to internal company procedures (defining measurement
standards traceable to national standards and having established special procedures for calibration) or
externally at accredited laboratories (for all the primary samples, and for those instruments for which
you do not possess the means for internal calibration).

The management of the measuring equipment shall be done by the metrology laboratory or quality
control department, which, depending on the criticality of the tolerances in drawing and specifications,
must define the use in the various stages of the production process.

9. WAIVER/DRAWING MODIFICATION REQUEST BY THE SUPPLIER

9.1 Waiver request

The supplier who discovers dimensions or characteristics out of tolerance with respect to construction
drawing, before the shipment of the supply, have to advance a regular waiver request. It is a
voluntary declaration of a problem arisen in the process of realization of the product, for which it
was not possible to intervene before process end but which is deemed to not be a reason for rejection,
manageable with acceptance in derogation or repair.

The request must be made before the delivery of the products to the Atos Supplier Quality
Responsible filling the QT257 module as defined by SAS-452-Q specification.

The request will then be evaluated by Atos and the response communicated to the supplier which has
to follow the instructions communicated. Only if the waiver is granted, the supplier can deliver the batch
of material in the conditions accepted and properly identified and labeled.

Any repairs or selections have to be made before the delivery to Atos as indicated in the QT 257
module.

9.2 Request of drawing modification or use of alternative material

The supplier that during the execution of an component realizes the inconsistency in the drawing,
deems it appropriate to make proposals to improve the project on the basis of its experience or to
propose the use of alternative material, have to use the same procedure established by the SAS-452-Q
specification, using the same QT257 module and forwarding the request to Atos Supplier Quality
Responsible. The request will be evaluated and the results communicated to the supplier directly in the
module.

10. MANAGEMENT OF QUALITY CERTIFICATIONS BY THE SUPPLIER

10.1 Delivery of certificates

The certificates must be sent by e-mail (PDF file) to Atos Suppliers Quality Responsible within
eight working hours after the shipment of goods. Only in exceptional cases, if properly and
previously agreed with Atos Quality, is allowed to send paper copy.
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The file attached to the email, must contain all the documents requested in the SAS-095-Q
specification and to be named by the supplier as follow:
drawing number_last 6 digits of the Atos purchase order (e.g.: A6-DH-100011_123456)

Types of certificates required:

— Declaration of Conformity

— Test report

Analysis Certificate for Raw material
Analysis Certificate for Treatments

For deliveries in Free-Pass status, see Section 14.2.

For more details, refer to SAS-095-Q specification - Management and certification of materials and
supplies for standard and special products.

10.2 Data recording

The supplier have to record the results of inspections and tests related to its production and
those of sub-tier supplier in order to provide evidence of conformity to requirements and of the
effectiveness of the quality management system.

The supplier must document the control procedures necessary for the identification, storage,
protection, retrieval, retention and disposal of records.

Records of checks and all certificates mentioned in the previous point must be stored by the provider
and available to be checked on request by Atos.

11. PACKAGING AND DELIVERY

11.1 General note

In order to preserve the suitability of the products made for Atos, the supplier must deliver the same
according to the appropriate packaging instructions provided by the SAS-559-Q. The packaging must
be designed to preserve the conformity of the product content, protecting it from potential shocks
and frictions that, during transport and handling, may damage them aesthetically and functionally.
Depending on the type of product delivered, the size, the degree of finish, Atos defines a range of
containers, shelves and internal packages which, based on experience is defined to correspond to the
best solution usable. Where required, and in relation to the material, internal handling or storage in the
warehouse, the metal components not treated on the surface must be protected with a suitable rust
inhibitor. The material delivered to Atos must have a high level of cleanliness and the total absence of
cutting waste and residues of packaging material.

Unless otherwise indicated, the packages must contain only one type of product identified in a
clear and unambiguous and marked, where provided, with corresponding traceability code. The
division of the components and the use of the specific packaging also allow the correct storage of the
material at the Atos warehouses.

The finding of non-compliant packaging, damaged or mixed types of products may lead to open a Non
Conformity in Acceptance.

For more details, refer to SAS-559-Q specification - Packaging methods for material.
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11.2 Delivery of Prototype and Pre-series products

The prototype and pre-series materials must be delivered correctly identified as reported in the SAS-
095-Q. Being subject to specific checks and tests in Atos, the Prototypes and Pre-series products
should never be delivered in Free-Pass and Self-Certification or follow the PAP procedure.

For more details, refer to SAS-095-Q specification - Management and certification of materials and
supplies for standard and special products.

12. NON CONFORMITY OF THE SUPPLIER
12.1 Definition

Non Conformity is any difference measured on a product in reference to the requirements set in
the construction drawing and in the technical documentation listed to in the order / contract.

Any deviation, in function of the severity level found, may produce one or more of the decisions listed
below.

12.2 Class of Non Conformity charged to the Supplier
12.2.1 Scrap or Replacement

The product defined as scrap is represented by those batches whose defects cannot be accepted or
repaired in any way because, in addition to deviate from what is required into the drawing and technical
specifications, generate (or may generate) malfunctions in the application to which it is intended. Such
material will be charged to the supplier or alternatively it will be requested replacement. For how to
manage the return see section 12.4.

12.2.2 Selection and/or Repair

In the event that the defect corresponds to a recoverable Not Conformity, the supplier will be required
to repair the products. If the batch is partially not conform, may be required selection with replacement
or charge of the NC products. In both cases, the additional work will be done by and at the expense of
the supplier. For this type of NC, the statistical weight in the calculation of PPM corresponds to 100% of
the amount found to be defective.

12.2.3 Acceptance in deviation

If the defects found during the acceptance inspection of Atos involves non-critical or important
characteristics and not involves functional problems, may be evaluated as acceptable. In this case a
NC will be created but the batch accepted and sent to the subsequent processing stages or
warehouse, weight 10% of the batch in the calculation of PPM.

12.2.4 Acceptance of waiver request from suppliers

The supplier who discovers dimensions or characteristics out of tolerance with respect to construction
drawing during the in-line or final checks of components, must and has the right to advance a waiver
request through the use of the QT257 module before delivery (see section 9.1). The preliminary
evaluation of the problem done by Atos will lead to acceptance in deviation or rejected the request. The
statistical weight in the calculation of PPM corresponds to 5% of the involved quantity.
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12.3 Non Conformity Management
12.3.1 Non Conformity opening and sending

Upon receipt of a batch found Not Conform during the acceptance inspection of Atos, the control
department COPA generates an internal report of Not Conformity in which is described the problem
detected, as well as the data of the product, supplier and purchasing order.

After an internal evaluation and once identified the class of Non Conformity (section 12.2), the supplier
will be informed by mail including the report of Non Conformity (NCFOR) in which he will be required
to give feedback of the root cause and corrective actions through its 8D report or QT233 module
shared by ASQ Atos.

12.3.2 Implementation of Corrective Actions, Preventive Actions and Supplier response

The supplier responsible for the Non Conformity, following receipt of the NCFOR report, is obliged to

take charge of the problem, analyzing the causes and identifying solutions.

— First, has to prepare a short term reaction plan (Containment Actions) through which act on the
Not Conform batch and make it available to the needs expressed by Atos

— Second, done the containment actions, identify the root cause of the problem, distinguishing the
cause that generated the defect in the production phase and the reason why it was not intercepted
during the next check.

— Third, it must define the corrective actions to be included in the production process and in the
control plan. Corrective actions should be implemented from the next production.

— Finally, it is necessary the evaluation of similar products/process that may show the same problem
and extend the Corrective Actions applicable as defined previously. In this way it will be able to
introduce effective Preventive Actions.

Results of the above analysis must be reported in QT233 module that the supplier send to Atos

Supplier Quality Responsible as reply of NCFOR. To be defined also the reponbible of the analysis and

the timing of implementation for the actions defined. Alternatively, it is permitted to use another 8D

module already used by the supplier.

The reply from the supplier must be sent to Atos Quality dept. no later than 10 working days

from the receipt of the Non-Conformity (NCFOR).

12.4 Procedure for Return and Debit note

For the material found not acceptable, not acceptable in deviation or waiver request, Atos will:
— Request the replacement or free repair

— Declare the contract dissolution with crediting the amounts already paid to the supplier

— Request a debit note for the processing of components owned by Atos.

13. SUPPLIERS EVALUATION - VENDOR RATING
To evaluate the performance of a supplier, Atos uses the Vendor Rating (VR).
The aspects considered in the evaluation, as considered more significant are:

Quality (60%) + Price (20%) + Delivery (20%) + QMS certification + Technical Quality support

The evaluation is shared every six months by the Purchasing dept. with official letter.
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13.1 Performances evaluated in the Vendor Rating

13.1.1 Quality performance

In order to standardize all suppliers with the same evaluation metric, the Quality index is calculated
based on the PPM (Parts Per Million) of Not Conform parts. This value is defined as the ratio between
the quantity of non-conforming components and the total of the parts delivered in the period, multiplied
by one million. In the case where the components are defined as "scraps” will be counted the 100% of
the batch. In the case of selection or repair by Atos, will count 100% of the batch. For selection and
repair by supplier, will count 100% of the quantity NC after selection/repair. In case of acceptance in
deviation to 10% of the batch, while for acceptance of waiver request to 5%.

PPM weighted = PPM scrap / rework + 0.1 * PPM accepted in deviation + 0.05 * PPM accepted on
waiver request

13.1.2 Price performance

The score is assigned by comparing the price applied by the supplier to the one represented by the
average of the market. More the price is competitive, more the class will be high.

13.1.3 Delivery performance

The score concerning the Delivery performance is assigned according to the percentage of On Time
Deliveries, in the period, compared to the total delivered plus an Index of Severity of delays (quotient of
the severity of delays in relation to the number of weeks of delay, the bigger id the DGI index the most
critical is the delays severity).

13.2 Insufficient VR Index

The weighted average of Quality, Price, Delivery performances, plus the score for QMS Certification
and the score for the contribution to the processes and quality, is the VR index of the supplier. The
alignment of that value to the average value found among suppliers or contrarily its deviation, will be
the basis for the attribution of the Class (A,B or C). A supplier with an insufficient VR index should
immediately activate an improvement plan that includes all the necessary corrective actions to bring
the value within the threshold, as quickly as possible. This corrective action plan must be preliminarily
shared with the Quality (and Purchase) dept of Atos, which will analyze the validity of the actions
defined and will monitor their implementation, through surveillance audits.

14. SELF-CERTIFICATION AND FREE PASS

The approval of the supplier allows it to become part of the list of qualified companies with which Atos
entertains a partnership characterized by interaction, transparency and mutual trust and based on high
quality standards. The approved supplier is committed to maintaining a quality management system
aimed for the continuous improvement of its performance. The path taken with the approval Audit
continues, over time and with the results, towards the achievement of the two subsequent steps: Self-
Certification and Free Pass.

For more details, see the legend attached to the Vendor Rating evaluation sent every six months.
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14.1 Supplies in Self-Certification

The status of deliveries in Self-Certification assumes that the supplier guarantees the compliance of the
product and the production process by which it was realized, through appropriate controls and a quality
management in line with the good findings of the approval audit. Supplies in Self-Certification status will
be checked in acceptance by Atos with a Reduced sampling inspection.

The suppliers, in order to make deliveries in Self-Certification to Atos, must meet the objective set in
section 2 of SAS-050-Q specification. Together with the delivery of the material, the supplier must
send the certificates mentioned in Chap. 10.

14.2 Supplies in Free Pass

By achieving the Free-Pass status, the Supplier delivery to Atos a product on which there will be no
incoming inspection by Atos. The supplier declares and warrants, under its sole responsibility and
signing of a framework supply agreement, that all the components delivered are conform to the agreed
order, have been produced with materials, resources and production processes suitable and have been
controlled under quality procedures which will ensure the safety and compliance with specified
requirements of drawings and specifications. The suppliers, in order to make deliveries in Free-Pass to
Atos, must meet the objective requirements of section 3 of SAS-050-Q specification.

Parallel to the delivery, the supplier is required to transmit only the "Declaration of Conformity". The
remaining certificates will have to be filed in paper format or in digital copy by the supplier and available
for consultation in the event that Atos will express the need.

For more details, see the specifications:

SAS-050-Q: Specification of requirements definition for supplies in Self-Certification and Free Pass
SAS-080-Q: Sampling control in acceptance

SAS-095-Q: Management and certification of materials and supplies for standard and special products
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Hydraulic symbols

Table PO01-2/E

PUMPS
Graphic symbol Item Description
(a) (b) One flow direction (a)
Fixed displacement pump
Two flow directions (b)
(a) (b) One flow direction (a)
Variable displacement pump
Two flow directions (b)
Hand pump Lever pumping
MOTORS
Graphic symbol Item Description
(a) (b) One rotation direction (a)
Fixed displacement motor
Two rotation directions (b)
(a) (b) One rotation direction (a)
Variable displacement motor
Two rotation directions (b)
Hydraulic motor with
ﬁ Rotary actuator o )
limited angle of rotation
CYLINDERS
Graphic symbol Item Description
(@) (b) Return stroke by external force (a)
E: Qﬁ%: Single-acting cylinder
Return stroke through a spring (b)
(@) (b) Single rod (a)
I 1 [ 1| ] Double-acting cylinder
Double rod (b)
(@) (b) Cushioning on one side (a;
Cylinder with fixed 9 @
@:52 @:5: stroke end cushioning o .
Cushioning on both sides (b)
@) (b) ) ) ) Cushioning on one side with adjustment (a)
Cylinder with adjustable
stroke end cushioning o . . .
Cushioning on both side with adjustment (b)
@ (®) Single-acting (a)
E: KE: Telescopic cylinder
Double-acting (b)

PRESSURE CONTROL VALVES

Pressure relief valve

o Direct operated Pilot operated

Sequence valve
B

Direct operated Pilot operated
X
A y

Pressure reducing valve
B

Direct operated
o
B g}

A

Pilot operated

Counterpressure valve
B

e~
L
X
ty

AL

POO1





FLOW CONTROL VALVES

Variable throttling valve

Compensated flow regulator

Two way | With check =z Two-way Three-way %
; % s
DIRECTIONAL CONTROL VALVES
Check valves
without spring With spring, Piloted operated Piloted with drain
% normally closed % @
u I
Directional valves (spool type)
2 ways - 2 positions 3 ways - 2 positions 4 ways - 2 positions 4 ways - 3 positions
HH yAH AL AL
/3 /X
Controls for directional valves
Detent Pushbutton Lever Adjustable stroke limiter
il = 1ol Sl
Spring Cam Electric (solenoid) Electro-hydraulic
Pneumatic Hydraulic Electric (proportional) Electro-hydraulic (proportional)
ENERGY TRANSMISSION AND ACCESSORIES
Graphic symbol ltem Description Graphic symbol ltem Description
@: Electric ﬁ Pipings above level
Motor
_ Engine i Reservoir Pipings under level
djﬁ) Pressurized reservoir
Main
(a) b) Spool position sensor Mechanical microswitch (a)
i pon—oﬁ‘
,,,,,,, Pilot Inductive proximity sensor (b)
Hydraulic
accumulator
"""""""" Drain
Pipings and
. Filter
connections
- T~ Flexible hose
@ Heater
+ Connection point
@ Heat exchanger Cooler
+ Crossing
@: Liquid operated cooler
—X Closed
@ Pressure gauge
Branching
—— With connected piping
Pressure switch
——<— Fast coupling :>j 1 direction
Coupling Rotating shaft
—o0—6— With check valves ;;3 2 directions
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Table P002-1/E

Installation, commissioning and maintenance guidelines

for electrohydraulic systems

E PREPARATION AND START-UP

A proper assembly and a right installation are
determinant factors for a good operation of an
hydraulic system in the time.
The reliability of any machine or hydraulic
system is depending upon quality and state of
the power transmission fluid and upon the
cleanliness of the circuit from impurities. It has
to be remembered that the same fluid provi-
des the lubrication of the circuit components.

Therefore it is very important to provide the

following conditions:

- during the project: continuous filters for
oil, sized according to the class, the type of
installation and the performance required.

- during the assembly: it is necessary that
the main connections are made in a clean
and not dusty room: remove any scale
which could get into the circuit. The pumps
and all hydraulic components are always
supplied with plugged ports; these plugs
have to be removed only at the moment of
the installation. When the component is
installed, as a good rule, fill some hydraulic
oil to protect the internal parts until the
hydraulic circuit will be filled for operating.
Provide picking of the pipings and the cir-
cuit flushing.

- during the operation: check accurately
the filters with frequent cleaning or repla-
cing of the cartridges.

The following notes give some general sugge-
stions and directions for the installation, com-
missioning and maintenance of main compo-
nents.

1.1 Piping and fittings
In the hydraulic installations cold-drawn
seamless pipes conforming to the internatio-
nal standards have to be used. The fittings
have to be selected considering the installa-
tion characteristics, the operation pressure
and the pipe diameters.

Use as rule:

- up to nominal size DN 40, pipe unions with
grip ring (for average duty installations and
without vibration).

- up to nominal size DN 40, pipe unions with
welded stub and taper seal with O-ring (in
heavy duty installations).

- bigger sizes than nominal size DN 40, flan-
ge connections.

The pipe diameter has to be taken conside-
ring the maximum oil flow in each section of
the circuit: this flow can be remarkably higher
than the pump delivery; however don’t exceed
the following speed limits (see fig.1):

- 1 — 1,5 m/secinintake pipes

- 156 - 4 m/secin return pipes

- 4 — 8 m/sec in pressurized delivery

pipes.
Use the lower speed values for low pressure
installations and/or with continuous operation.

A safe sizing of the intake pipes and of the
return pipes to the reservoir is very important.

The intake pipe shall be as short and direct as
possible: avoid sudden elbows, reduction of
sections and throttling which could spoil the
good operation of the pumps.

The pipings have to be pickled, neutralized
and then washed with oil. The pickling is
necessary to eliminate rust, scale and welding
borax, etc.

Add phosphating treatment of the pipings, if
necessary. However the piping have to be
perfectly clean.

During the installation, the pipings have to be
duly mounted with a sufficient number of
fasteners; for this purpose, plastic clamps are
used normally in polyamides or in polypropy-
lene.

It is recommended to determine the number
of fasteners required following these average
distances: 1500 mm for pressure pipes and
3000 mm for low pressure pipes (return and
drain lines).

When connecting hydraulic components
ensure that pipings and the components

Figure 1 Graph used for calculation of the oil speed in the pipes
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Example: with flow rate of 60 I/min and flow speed of 1,3 and 6 m/sec the recommeded internal

diameter of the pipe is 33,20 and 14 mm respectively.

themselves can be easily disconnected and
replaced when necessary.

When installing flexible pipes, avoid too nar-
row radii and torsional stress (see figure 2);
the flexible pipes have to be sized for a pres-
sure value twice that of the maximum opera-
tion pressure, to account for the sudden pres-
sure peaks. The drain connections of hydrau-
lic motors and of the hydraulic valves must be
duly connected to the reservoir separately
from T connection, if some counter pressure
on it were foreseen.

1.2 Oil reservoir

The oil reservoir has to be sized in conforman-
ce to: installed electric power - pump delivery
- heat quantity generated during the operation
- type of installation and duty.

As a general rule, it is suggested to provide
an oil capacity equal to 2 — 4 times the pump
delivery per minute (according to the opera-
tion pressure and the duty). For example , if a
pump has a delivery of 25 I/min, it is recom-
mended to take a reservoir having a capacity
of 50 to 100 liters. This rule is suggested on
considerations about heat losses; in particular
cases, where it is required to limit the reservoir
dimensions, properly provide in the circuit a
cooling equipment.

Figure 2 Installation of flexible pipes
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The use of cooling apparatuses is necessary
in those circuits where a remarkable amount
of heat arises and always in the installations
with continuous operation and high installed
power. Remember that the oil temperature in
the reservoirs shouldn’t exceed the prudential
limit of 50°C (maximum 60°C) where the opti-
mum operation is considered in the range 40
to 50°C.

Of course, the reservoir capacity shall consi-
der also the oil quantity which can be stored
in the circuit during particular phases of the
operation.

In small plants the pumps are commonly loca-
ted above or inside the oil reservoir. In the
installations with big pump delivery or equip-
ped with piston pumps for high pressure, it is
necessary that the reservoirs are set at an
higher level than the pumps in order to have
the intake under some head.

The reservoirs have to be accurately cleaned
and painted inside with a paint resistant to the
hot oil. The reservoir must be sealproof except
for the air port to allow the air movement
(during the oil level changes); this port has to
be duly protected against dust and impurities
through an air filter.

The ail return pipes form the circuit have to be
extended inside the reservoir with the end
under the minimum oil level to avoid foaming.
Ensure that the return flow to the reservoir
doesn't affect the pump intake.

Figure 3 Intake/return lines inside reservoir
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In the reservoirs having a big capacity, com-
monly internal baffles are provided for the
separation of the oil return area form the
pumps intake, in order to brake the swirling
movement of the liquid and to allow the setting
of solid suspended particles and also of the
water, if any.

It is important that the reservoir is built in such
a way as to be easily accessible for a periodi-
cal cleaning.

Provide on the reservoir bottom a drain in cor-
rect position for the draining of water deposits
and the emptying for maintenance purposes.
To make emptying easier, it is required that the
reservoir bottom is higher than the floor level,
and possibly sloping towards the drain hole.
The oil reservoir must always allow to check
the oil level and shall be equipped with the
indications of the maximum and minimum level
required.

The maximum level shall account for possible
oil outlet and the minimum level must prevent
air inlet through the pumps intake port.

1.3 The filtering function
Among the main causes of fault and stop of an
hydraulic installation, the most usual is the
block of components due to seizing or break-
down wear and ageing of the power transmis-
sion fluid with consequent loss of its operation
properties.
Particles and microparticles which circulate
continuously in the fluid constitute a cause of
wear: if these micro-particles circulate freely in
the system, they act as an abrasive mix wea-
ring the contact surfaces and taking into circu-
lation more contaminant; damage will be big-
ger the more sophisticated are the compo-
nents.
The filter, or in general the filtering function
must eliminate these particles and micro-parti-
cles to ensure maximum efficiency and lasting
time of the hydraulic system.
The choice of the characteristics and number
of filters is made according to the type of plant
and of the components which have to be pro-
tected: .
- for standard industrial plants a filtration
rating of 25 pm is required.
- for circuit equipped with proportional valves,
a filtration rating of at least 10 pm is neces-
sary.

About their location in the circuit, consider the
following possibilities:

- location on the intake;

- location on the return;

- location in line.

It is particularly recommended that the filter be
easily accessible for a periodical cleaning; this
cleaning must be made weekly; provide filters
having visual or electric clogging indicators to
ensure easy control.

1.4 Pumps and motors

The various types of hydraulic motors and
pumps may require special standard of instal-
lation which are specified by the manufactu-
rer's directions.

However, some general rules apply to the
most cases.

The connection to the driving motor should be
made preferably with an elastic coupling. If a
different type of transmission is required, con-
sult the manufacturer: only a few pumps allow
radial or axial load.

Comply with the rotation sense of the pump
which is always shown by an arrow on the
pump body.

Never strip the pump: the modification of the
sense of rotation or of the ports position (if pos-
sible) must be made by the manufacturer
(except when it is expressly allowed).

The intake conditions of all pumps are a very
important item; therefore make the oil flow the
easiest possible, purposely use widely sized
pipes.

Some type of pumps and motors have specific
ports on the body to drain the internal oll leak;
these ports have to be connected to the reservoir.

HYDRAULIC OIL RECOMMENDA-

TIONS
2.1 General data
In hydraulic circuits the oil is the power tran-
smission medium and at the same time the
components lubricator; for a long life of the
plant the ail to be of good quality with an high
viscosity index and with anti-frothing and anti-
oxidizing agents conforming to the international
standards ( DIN 51524 and 51535 ).
In particular the use of mineral oils belonging to
group H-LP according to DIN 51524 part 2 is
recommended.
The oil viscosity has to be chosen suitable to
the type of hydraulic pumps and motors instal-
led, further to the temperature of operation of
the circuit. First of all check the directions sup-
plied by the manufacturer about pumps and
motors.
The selection of a hydraulic oil of a specific
viscosity range must be based on the needs of
the system, limitation of possible critical com-
ponents, or proper performance of specific
type of units. Very high viscosities at start-up
temperatures can cause noise and cavitational
damage to pumps. Continuous operation high
viscosities will tend to hold air in suspension in
the oil which can cause noise and early failure

Figure 4 Fluid contamination level
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about 2200 particles greater than 5 pm and about 80 par-
ticles greater than 15 pm each millilitre of oil

of pumps, motors and erosion of valves. Lower
viscosities result in decreased system effi-
ciency and impairment of dynamic lubrication.
In fig. 5 are shown the average curves viscosity
versus temperature for the most commonly
used oils, subdivided in three groups each one
with a different viscosity; the table 6 shows the
codes corresponding to different oil manufac-
turers.

The oil mostly used is that corresponding to
cur\ée “B” having viscosity of 24 — 28 cSt at
50°C.

But also less viscous oil (6 — 11 ¢St at 50°C) or
more viscous ones (up to 58 — 72 cSt at 50°C)
can be used; keep always in mind that less
viscous oils have to be employed for lower
pressure (to limit the pressure drop) and more
viscous ones for higher pressure (to limit inter-
nal leakage). It has to be kept in mind that a too
viscous oil can bring some difficulty in the start
at ambient temperature, because the most
hydralic pumps do not operate properly at nor-
msal speed viscosity higher than 290 — 365
cSt.

In particular conditions, different types of oil
have to be adopted, e.g. there are oil suitable
for employment outside at a very low tempera-
ture, particularly in those cases where no gra-
dual starting is allowed, but the system has to
be ready for operation whenever needed (e.g.
in ropeway installations); further in those cases
where a fire resistant oil is required and so on.
The temperature of operation shall be kept as a
rule in the range 40 to 50°C, avoid to exceed
60°C, because beyond this limit the seals
begin to wear.

Consider that a new mineral oil, as it is supplied
by the manufacturing companies, contains a
certain number of contaminant particles; this
contamination arises from the handling during
shipment and packing.

Before putting the fluid into the circuit, the
user must clean it accurately; it is recom-
mended to fill the reservoir using mobile fil-
tration units.

The oil change must be made as a rule every
2000 hours, It is recommended, however, to
analyze oil samples to check its chemical-phy-
sical properties, since the lasting time indicated
above is approximate and depending upon the
plant characteristics and operation, as on cli-
matic conditions and accuracy of filtration and
maintenance.

Topping up of the reservoir must be made with
an oil of the same mark to avoid functional
faults of different kind.

2.2 Fire resistant fluids

The mineral oils have a quite low ignition and
self-combustion temperature; moreover when
they ignite, the combustion spreads and the
danger becomes bigger.

Therefore, when fluid leakage can increase fire
risk, special products are used which have a
bigger resistance to fire.

Most diffused fire resistant fluids are phosphate
ester fluids and water-glycol solution.

The phosphate ester fluids show these cha-
racteristics:
high resistance to combustion with poor flame
propagation, good lubricating quality, quite
good rust inhibit characteristics, limited visco-
sity index, high specific weight, non-compatibi-
lity with rubber and paints. Disadvantages are:
toxicity and pollution class.

Therefore when these fluids are used, the

hydraulic installations shall comply with particu-

lar directions:

- use of seals and flexible pipings in suitable
elastomers (mainly Viton or P.T.F.E.);

- no use of paints inside the reservoir and on
surfaces which can get in touch with the
fluid (except in very particular cases and
when qualified technicians have been con-
sulted);

- very accurate continuous filtration of the cir-
cuit owing higher fluid density.

The phosphate ester fluids allow high operation
temperatures (even higher 100°C); they have
an optimum resistance to ageing and do not
require special maintenance except a periodi-
cal check of the water content; it makes this
fluid to a wearing agent still in little percentage.

The water-glycol fluids are compound mixes
with water 40 — 50% and ethylene or propyle-
ne glycol and polyethylene glycols. The com-
bustion resistance derives from the water con-
tent: periodically, a check of the mix compound
is necessary in order to top it up with water;
these mexes have the disadvantage to alter the
characteristics quite easily for evaporation.

Water-glycol main characteristics: high visco-





sity index, fairly good lubricating property;

good rust inhibiting quality, non-compatibility

with paints and high density.

When these fluids are used, it is recommended

to:

- check the compatibility with the seals; this
condition is normally sure almost for the sta-
tic seals in the valves.

- do not paint the reservoir inside; no cad-
mium coated components are allowed.

- design bigger reservoirs (with contents
equal to 8 — 10 times the pump delivery).

- provide an efficient temperature control of
the fluid; keep it in the range 40—50°C;
never exceed 60°C.

- size the plant for limited flow speed (max 3
m/sec).

- reduce pump speed; don't exceed 1500
rom (the use of gear pump is not allowed).

- reduce the maximum operation pressure:
don't exceed 100 — 120 bar.

Different fire resistant fluids are also available,
see ISO 7745 standards.

(3] FLUSHING OF THE CIRCUIT

In new plants, although it has been complied
with the above described prescriptions, it is
impossible to eliminate completely the contami-
nants. Therefore for a new plant it is necessary
to undergo a flushing operation beforehand.

To avoid that the contaminated oil will damage
the circuit components proceed as follows:

- shunt the users, motors and cylinders, and
also the control valve boards;

- open fully throttling valves installed in line;

- separate the accumulators from the other
parts of the circuit;

- provide on the return piping two series
installed filter batteries having filtration rating
125p and 25p (10p) respectively, in order to
get a better filtration than in operation.

The circuit flushing, according to the indica-
tions given above, can be performed with the
same power unit. For big sized or important
plants, a proper flushing assembly with own
pump and reservoir has to be used.

The flushing fluid has to be chosen among
good quality mineral oils, in conformance with
the directions of a qualified oil manufacturer
and must be compatible with the seals and the
operation fluid since flushing fluid can be remo-
ved completely from the circuit.

The recommended flushing speed is 5-6 m/s.
Flushing has to be performed with warm oil
(about 40°C).

The time necessary to this purpose cannot be
stated in advance, however it shall not be less
than 40 - 50 continuous hours.

(4] PLANT COMMISSIONING

When starting the pump units, follow these
directions which are necessary to ensure at
once the needed lubrication to the internal
parts:

- ensure that gate valves both on the intake
and on the delivery side are open;

- fill the pump body with the circuit fluid throu-
gh the drain port or, if not possible, through
the delivery pipe;

- set the pressure relief valve in venting posi-
tion on the delivery pipe. The pumps shall
be started idle, as a rule. For other directions
consults the manufacturer;

- pulse start the electric motor to make the
pumps priming easy; it will be indicated by a
pressure gauge on the delivery and by the
change of the pump noise, which will beco-
me quieter after priming.

During the circuit topping-up provide air bleed;
air inside causes operation troubles and fast
wear. To make this operation easy, on the deli-
very side of the pumps air bleed valves can be
installed. The air in the pipings can be blad off
loosening the fittings located in the higher parts
of the circuit providing valves for cylinders.
The air bleed off is shown by foam: when the oil
flow comes out continuous and clear, the air is
out. After the filling and the air bleed have been
performed, check the ail level in the reservoir
and top it up, if necessary; then pressurize pro-
gressively the circuit and go on calibrating and
setting the regulation valves.This phase should
be performed at operation temperature.

Ensure that no foam is built in the reservoir; it

would show air in the pump intake.

Figure 5 Viscosity Vs. Temperature graph
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@ MAINTENANCE

An hydraulic system, well installed and fitted
during mounting and commissioning, ensu-
res a long life without faults and doesn’t need
any particular maintenance care.

The basic principle for a good management,
is the absolute need to check continuously
the quality and the state of the power tran-
smitting fluid and the contaminant-free state
of the circuit; upon it depends the reliability
of every hydraulic machine.

The plant maintenance is composed by
many small operations which need to be
performed at regular time if they must be
effective. Therefore it is very important that
these control and check operations, although
simple, be planned and enlisted on machine
or plant cards, which are component part of
the plant itself. On these cards the mainte-
nance staff shall record the service made
and the troubles which have been found.

The following periodical operations are
recommended:

5.1 External cleaning, monthly. In this way
the leaks can be found easily and one can
get immediately to the trouble.

5.2 Check of air filters, monthly; replace the
cartridge, if necessary. The checking period
can be changed according to the direct
experience and the ambient conditions.

5.3 Check of oil filters. As it has been
already stated, this operation is of maximum
importance. It shall be made weekly at least.
In the most important plants, filters with clog-
ging indicators and electric monitoring can
be used; in this way the signal of fault can be
indicated in the control room so avoiding the
possibility of forgetting service; an automatic
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sequence for the circuit block can be provi-
ded.

5.4 Oil topping-up. It has to be made whe-
never the level is minimum.

The maintenance is easier by installing elec-
tric indicators of minimum level and pumps
stop sequence.

The oil topping-up has to be made with the
same oil used for the first plant filling; the
type has to be indicated on the unit reservoir.

5.5 Continuous control of the oil tempera-
ture. The deterioration of the fluid with the
temperature is a cause of degrading of the
plant. The build-up of degradation products
from the hydrocarbons is influenced in a big
manner by heat. Up to 60°C the oxidation
speed can be taken as constant; from this
point on, every 10°C increase double this
speed.

5.6 Oil change: every 2000-3000 hours in

the average; frequent check of the chemical-
physical properties and of the contamination
rate allows service in due time. When the oil
is changed, perform also an accurate clea-
ning of the reservoir, and also a flushing of
the whole plant, if necessary.

5.7 Heat exchanger: must be cleaned
approximately every 6 months; the service
time can be changed according to the type
of water used and to the direct operation
experience. More frequent control has to be
made on the water filter. The daily check of
the oil temperature shall indicate the pro-
gressive worsening of the heat exchange
conditions and the need of service.

5.8 Check the pressure preload of the
accumulators, monthly; use the right
checking and loading instruments.

5.9 Pumps, solenoid valves and regulation
components must be treated separately. It
is possible to plan a series of check-ups at

Table 7 GUIDE FOR THE MAINTENANCE OF HYDRAULIC SYSTEMS

predetermined time which can help in order
to state if the service is needed. In the most
important systems motor-pump units as
spare have to be provided in order to make
possible to check the pump delivery with the
system in operation or to check the leakage,
if any: both data are indicative about the effi-
ciency, then of wear state.

The same thing applies to the solenoid val-
ves: a check-up of the leakage performed,
e.g. every 6 month on the test stand can help
to é:lecide if the component has to be repla-
ced.

It is necessary that the plant since commis-
sioning be equipped with a first aid spare
parts; it must be always complete and the
sufficient quantity of each component should
be available.

Here as follows we give a table which can be
a useful guide for the troubleshooting.

TROUBLE

LIKELY CAUSE

HYPOTHESIS OF SERVICE

PRESSURE TOO LOW
or pressure below the
correct circuit value

1) pressure relief valve half-open

a) setting pressure too low

b) wear of sealing seats

c) contaminant matter under seats
d) spring broken

2) pump faulty

see point 5 to 11

3) excessive internal leak

a) worn seals in cylinders or in hydraulic motors
b) wear of valves and distributors
c) too low oil viscosity

4) excessive pressure drop

a) too high oil viscosity
b) poor sizing of oil paths
c) oil paths partially stopped

PUMP FAULTY
for zero or poor delivery
compared to standard values

5) intake throttled

a) intake filter too little or clogged
b) intake pipe stopped
c) intake pipe too small or wound

6) air inlet

a) at intake port in the reservoi
b) in intake fittings

c) at the seal on the pump shaft
d) for intake of oil with foam

7) reservoir sealproof

air bleed in the reservoir clogged

8) drive faulty

a) check the coupling
b) too high or too low speed

9) too high oil viscosity

see pump prescriptions

10) fault inside the pump

a) internal seals broken

b) seized vanes, cheekplates or pistons
¢) pump head not tightened

d) broken internal parts to replace

11) pump worn out

pump to be replaced

PUMP NOISY
unusually (e.g. some gear

12) cavitation

a) intake throttled: see point 5
b) high viscosity: see point 9

20) cooling not enough

pumps are always quite noisy) 13) air inlet see point 6

14) internal wear too high backlash in the supports and cheekplates
OVERHEATING 15) maximum pressure too high valve setting too high
that is, the oil temperature rises 16) useless engaged power a) cutoff valve operation faulty
above the prudential limit of b) shuting at cycle end not operating
50/60°C ¢) hydraulic circuit to be modified

17) excessive internal leak see point 3

18) excessive pressure drop see point 4

19) oil capacity not enough make oil capacity bigger

)

a) add more cooling
b) cooling media not efficient

21) excessive friction

a) faulty internal assembly of the pump
b) lack of lubricating where required
c) poorly lubricating oil

WRONG MOVEMENTS
of the parts moved hydraulically
than stated in the cycle

22) air in the circuit

a) vent air bubbles in higher located parts
b) eliminate air inlet see point 6

23) valves blocked

a) valves blocked at closing by rubbers or other matter
b) valves half-open due to contaminant matter

24) cylinders blocked

a) cylinders internal assembly faulty
b) loads perpendicular to the axis not allowed
c) seizing of connecting pivots

25) pressure drops too high

see point 4

26) variable pressure in the accumulators

a) accumulators capacity poor
b) higher request by the circuit owing to internal leakage

EXCESSIVE WEAR
that is, too fast compared with
the actual operation time

27) oil containing wear agents

a) oil too old
b) filters not efficient

28) poor lubrication

a) oil of poor quality
b) oil too fluid at the operation temperature

29) high operation pressure

compared to the maximum permissilble pressure for pumps and valves

30) faulty couplings

unnormal loads on shafts or on rods
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Practical formulae, graphs and conversion tables

E UNIT OF MEASUREMENT CONVERSION TABLE

Table PO03-

4/E

QUANTITY S.I. UNIT SYMBOL OTHER UNITS SYMBOL EQUIVALENCE
Pound [Ib] 1 [lb] = 0,4536 [kg]
MASS kilogram [kal
Ounce [oz] 1 [oz] = 0,02335 [kg]
Inch [injor["] | 1[in] = 25,40 [mm]
LENGTH millimeter [10° m] [mm]
Foot [foot] 1 [foot] = 304,8 [mm]
Square inch [sqin] 1[sqin] = 6,4516 [cm?]
AREA square centimeter [10* m?] [cm?]
Square foot [sq ft] 1[sq ft] = 929,034 [cm?]
Liter [1 1[1] = 1000 [cm?]
Cubic inch [cuin] 1 [cuin] = 16,3870 [cm?]
CAPACITY cubic centimeter [10° m?] [em?] Cubic foot [cu ft] 1 [cu ft] = 28317 [cm?]
UK gallon [Imp gal] | 1[Imp gal] = 4546 [cm’]
US gallon [US gal] 1[US gal] = 3785 [cm?]
Cubic foot per minute [cu ft/min] | 1 [cu ft/min] = 28,32 [I/min]
FLOW RATE liter per minute [I/min] Gallon (UK) per minute [Imp gal/min] 1 [Imp gal/min] = 4,5456 [I/min]
Gallon (US) per minute [US gal/min]| [US gal/min] = 3,7848 [I/min]
Kilogram force [koyl 1 [kgf] = 9,806 [N]
FORCE Newton [kgm/s?] [N]
Pound force [Ibf] 1 [lbg] = 4,448 [N]
Pascal [1 N/m?] [Pa] 1 [Pa] = 10° [bar]
Atmosphere [atm] 1 [atm] = 1,0132 [bar]
PRESSURE bar [10° N/m?] [bar]
Kilogram force/cm? [kgfem?] | 1 [kgg/em?] = 0,9806 [bar]
Pound force/in? [Ibg fir?] or [psi]| 1 [psi] = 6,8948+107 [bar]
QES:;AR revolution per minute [rom] Radian per second [rad/sec] | 1 [rpm] = 9,55 [rad/sec]
Kilogram per meter second [kgs em/s] | 1 [kgf em/s] = 9,803+10° [kW]
POWER kilowatt [1000 Nm/s] [kW] Metric horse power [cV] 1[CV] = 0,7355 [kW]
Horse power [HP] 1[HP] = 0,7457 [kW]
Square meter per second [m?/s] 1 [m?/s] = 10° [cSt]
KINEMATIC tistoke [10° . [Cst]
VISCOSITY centistoke [10° mi/s]
Engler degree [°E] 1[°E] = 7,598 [cSt]
Kelvin degree [K] 1[K] =1[°C] + 273,15
TEMPERATURE Celsius degree [°C]
Fahrenheit [°F] 1[°F]=1,8[°C] + 32
Kilogram f per meter [Kg fm] 1[Kgf m] = 0,102 Nm
MOMENTUM Newton per meter [Nm]
(TORQUE) ) ) .
Pound force per inch [Ibf in] 1[lbfin] = 0,113 Nm

* See diagrams of section [4]
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@ PRACTICAL FORMULAE AND DIAGRAMS FOR PUMPS AND MOTORS

2.1 Power 2.2 Torque
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N——— AN
— {3
—— e ——
° 50 %0 %0 200 260 £ 30 o 50 T =
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2.3 Graphs used in calculations with pumps
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4000
500 1500 3000 | e
400 1000 ;— |
:snn s00] =200 - ,‘E—zoun 00
| 200 ] _E0 1500
L 150 200K F-50 - i
100 - 1003 ~E SR
=3 "\, =
— 3 =10 - n
- 50 . N - 2 i
50 — : ~N N — B
40 . - ~|-500
30 1o L | 400 |50
= E ~N-a0
120 = =05 E
5] - C 300
— L F -30
7] Loy g
—10 — 200
H 20
1 -
100
( 10

Nota:

Example: A pump is operating at 2000 rpom with a displacement of 100 cm?/rev at 40 bar, calculate the flow rate and the power consumption
(Q =200 I/min; Power = 13,33 kW).
All datas, graphs and diagrams do not take into account the efficiency.

2.4 Main formulae

Pumps: Motors:
QP QP
— power consumption [kW]: — power delivered [kW]: n
612n 612
. v P v P vPn vPn
— required shaft torque [Nm]: = — shaft torque produced [Nm]: =
207 m 62,8 1 20w 62,8
lied [kW] n (Nm]
— power supplie :
P PP 9545
LEGENDA:
Quantity Unit | Symbols Quantity Unit | Symbols
Displacement cm® |V Flow rate I/min | Q
Angular speed pm | n Efficiency - m
Pressure bar | P






| 3| CYLINDER'S NOMOGRAPHS
3.1 CYLINDER FORCE

3.2 CYLINDER SPEED

FORCE BORE PRESSURE D[mm],A[cm? FLOWRATE SPEED ROD
[da N] DIAMETER [bar] [I/min] [m/min] | [m/s]
[mm]
500.000 200 —— 70638 o
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| 4| CONVERSION DIAGRAMS
4.1 Capacity 4.2 Torque 4.3 Kinematic viscosity
cu in
US gal cm? Ibsin kgsm' Nm °F cSt
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4.4 Flow rate 4.5 Pressure 4.6 Power
Imp gal/min
US gal/min I/min PSI atm ba_r HP kW
5 250 . = 500
= - B 7000 — r N T — 200
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@ CHARACTERISTIC CURVES FOR CALIBRATED ORIFICES’ SELECTION
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at@S A www.atos.com Table P004-10/E

Guidelines for the application of the European Directives
in electrohydraulics

The European Community issued a complete set of rules to improve and grant the workers’ safety and health, as well as the correct operation of
components and equipments. These general rules are:

Machine Directive - 2006/42/CE

Electromagnetic Compatibility Directive - EMC (2014/30/UE)
Low Voltage Directive - 2014/35/UE

Explosive Atmosphere Directive - ATEX (2014/34/UE)
IECEX - Certification Scheme for Explosive Atmospheres
Pressure Equipment Directive - PED (2014/68/UE)

Atos applies the CE mark on the whole range of its electrohydraulic components to certify their conformity to the above Directives, when applicable to
their constructive and functional characteristics.

However the Atos CE marking does not relieve the manufacturer of the machine from testing and marking the machine in accordance with the
above mentioned Directives and the relevant Harmonized Norms. The Directives define the general guidelines but they do not provide any speci-
fic technical requirement which are instead contained in the relevant Harmonized Norms - technical specifications addressed to different applica-
tion fields (as explosion proof environments) or components (as safety components). They provide the technical requirements and the test speci-
fications to which the components have to be submitted. The compatibility of the product characteristics with the Harmonized Norms have to be
certified by an official Notified Body. The Notified Bodies are specific boards and agencies recognized by the European Community which
perform the inspection, testing and the CE type certification of the components, machines and systems. They also perform the evaluation of the
production quality assurance of the manufacturer.

e The Machine Directive 2006/42/CE replaces the 98/37/CE. This Directive defines the
main requirements and the general guidelines for the designing and the manufacturing
criterias applicable to the machines and to the specific components used for safety func-
tions, in order to ensure the health protection from the risks generated by the machines
functioning. For these machines and components the Directive imposes the manufactu-
rers to certify the conformity of their products to the relevant Harmonized Norms

CERTIFIGATO

e The EMC Directive 2014/30/UE involves all the equipments which can cause electro-
magnetic disturbances and/or which can be influenced by them: it prescribes a suffi-
cient immunity level to external disturbances and, at the same time, it fix a limited
value for the generation of electromagnetic disturbances (emission). The relevant
Harmonized Norms are: EN 61000-6-4 (Emission) and EN 61000-6-2 (Immunity)

e The Low Voltage Directive 2014/35/UE involves all electric components used in a
range of nominal voltage from 50 to 1000 V alternate current and from 75 to 1500 V
direct current. The Harmonized Norms are: EN 60730-1 and EN 60730-2-8, equivalent
to the German VDE 0580 norm

e The ATEX Directive 2014/34/UE defines the manufacturing criteria and the safety
requirements of the equipments used in potential explosive environments for presence
of gas or flammable dusts. The Directive provides the classification and marking of the
explosion proof components depending to:

- protection mode
- group of gas present in the environment
- surface temperature of the component

- zone of application, classified according to the risk level Examples of Atos CE certificates provided
The relevant Harmonized Norms are: EN60079-1 and EN60079-2 by Notified Bodies:
e The IECEX is a voluntary program based on international standards (eg IEC) worldwi- TUV, CESI, IMQ

de recognized, regarding the use of products in potentially explosive atmospheres.
IECEx scheme provides certification of conformity for electrical equipment and machi-
nery to be used in potential explosion-hazardous environments.

e The PED Directive 2014/68/UE defines the manufacturing criterias and the safety requi-
rements relevant to the equipments and systems operating under pressure. For hydrau-
lic equipments, the Directive imposes the certification and the CE marking for those

components that, due to the operating pressure or to the product pressure per volume or
nominal size, are within the limits classified by the Directive in 4 different classes ‘ ESl

Atos R&D dept is active since many years in the development of safety components and
options for hydraulic systems in cooperation with the main Notified Bodies recognized
by the European Community. The Atos products involved in the above Directives are
provided with CE marking and conformity certificate annexed to the products, as detai-
led in the following sections.

In any case the correct functioning of the components and the respect of the norms are
assured only if the components are used in accordance with the relevant specifications
and if the user’s instructions are duly followed. These instructions are shown on the tech-
nical tables (see www.atos.com or KT Master Catalogue) and on the documentation
annexed to the products (supply voltage tolerances, characteristics of the hydraulic
fluids and the relevant class of contamination, working temperature, etc...).
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E ATOS COMPONENTS IN COMPLIANCE WITH MACHINE DIRECTIVE (2006/42/CE)

In general valves, pumps, cylinders, servocylinders, servoactuators and hydraulic blocks CART M-6/***/RS

are excluded from the Machine Directive unless they are delivered into the market as
“safety components”.

The Atos hydraulic components involved in the Machine Directive and thus subject to the i
CE marking are:

1.1

1.2

13

1.4

15

Pressure relief cartridge &)

Lead sealed pressure relief valves (tab. C010 and C020) - fig. 1

Direct operated pressure relief cartridges, type CART-*/RS, and valves type
ARE-*/RS, are specifically designed for application on safety blocks for vertical pres-
ses, and are factory set with lead sealed regulation, CE marked as per the Machine | 1
Directive. These valves are made in accordance with Harmonized Norms EN 693 |
and EN 12622. They are characterized by a special execution of the internal com- |
ponents and a protective cap locked on the adjustment screw by means of a metal- [ |
lic wire and a lead sealed to avoid unauthorized adjustment. For these valves Atos P
issues a CE Declaration of Conformity in accordance with the Machine Directive.

Safety solenoid valves and cartridges (tab. EY010, EY030, EY050, EY100,
EY120) - fig. 2

2, 3, 4-way directional solenoid and cartridge valves (direct and pilot operated) are
available with mechanical microswitch (option /FC) or inductive proximity sensor
(option /Fl) that detects the spool/poppet position. Such components can be used
on machines for safety functions. .

They are CE marked and they are certified by the TUV according to the safety
requirements provided by the Machine Directive and by the relevant Harmonized
Norms.

Atos provides a technical data sheet based upon annex Il of the Machine Directive
and issues a CE Declaration of Conformity. These components are also in com-
pliance with the EMC and Low Voltage Directive, see section [2].

Fig. 1

DHI-06*/FC
Directional solenoid safety valve

Fig. 2

Safety solutions for hydraulic presses - fig. 3

The Machine Directive imposes to the machine’s manufacturers to satisfy specific
safety requirements; for machines listed in annex IV of this Directive, e.g. vertical
presses, these requirements are extremely severe. Atos has developed specific
manifolds to be used on press brakes, torque bar or vertical presses in general, CE
marked and certified by TUV according to the Harmonized Norms UNI EN 12622:
2010, UNI EN ISO 13849-1: 2008 and certified by IMQ in accordance with the
Machine Directive. For these manifolds Atos issues a CE Declaration of Conformity.

Hydraulic power-units - fig. 4

According to the Machine Directive, an hydraulic power unit, is considered as a
partly completed machinery.

Atos system division, supplies the Declaration of Incorporation issued according to
the Machine Directive and the Assembly Instructions containing the technical docu-
mentation relevant to the working conditions, safe incorporation, installation, com-
missioning and maintenance.

Compliance with harmonized standard EN ISO 4413 ensures compliance with all
applicable requirements of the Directive.

Fig. 3

Filling and filtering unit type GL-15

GL-15 are manufactured in conformity to Harmonized Norm EN ISO 4413, as thay
are considered complete machines and consequentely they are subjected to CE
marking according to the Machine Directive.

Atos issues a CE Declaration of Conformity in accordance with the Machine
Directive and they provide technical documentations indicating the working condi-
tions, and the instructions for safe commissioning, use and maintenance.

Fig. 4

@ ATOS COMPONENTS IN COMPLIANCE WITH EMC DIRECTIVE (2014/30/UE)

Atos constantly performs the verification of its components according to the applicable
norms. In case of the EMC, the Directive 89/336/CE has been replaced from November
‘07 by the new 2004/108/CE. Thus all the components developed before that date are

AND LOW VOLTAGE DIRECTIVE (2014/35/UE)

Control unit Electronic Proportional
valve

conform to the Directive 89/336/CEE, while the newest ones are in accordance with the regulator

new Directive 2004/108/CE: ~ colL st

2.1 Solenoid valves (tab. E010, E015, E025, E045, E085) é = =] |cowse
The Atos solenoid valves, direct and pilot operated, are marked CE to certify their I

2.2

conformity to the EMC and to the Low Voltage Directive, this last apply only to the coil
voltages 110 and 220 Vbc; 110 and 230 VAc. The conformity refers to the valve’s elec-
trical parts (coils).

On request, Atos supplies the CE conformity declaration.

The electric connectors are not part of the valve and the relevant certification, if requi-
red, can be provided from the manufacturer.

Atos recommends the following instructions:

* Always protect the coils with a suppressor diode, to avoid peaks and discharges of
the inductor, when it is de-energized;

¢ Grant the earth connection (via grounded subplates or manifolds or via the earth pin
on the valve’s coil); Fig. 5

e Always disconnect the main supply lines before the start-up and/or maintenance on
the solenoid valves.

o
Transducer |
Interface . |
teiace | m=—| .,

Power supply F Optional !
(es. electric cabinet's chassis)  gunmettion /

Protective Disturbance free .. |&
earth £

Proportional valves and electronic drivers (technical tables at sections F and G) - fig. 5

Atos proportional valves with or without transducer and the relevant integral or separated electronic driver are marked CE to certify their
conformity to the EMC Directive. The respect of such Directive is granted only if the proportional valves are used in conjunction with Atos
electronic drivers. On request, Atos supplies the CE conformity declaration.

Atos recommends the following instructions:

¢ For the valve, grant the earth connection (via grounded subplates or manifolds or via the earth pin available on the valve’s coil);

e Shield all the connections to prevent the interference of electromagnetic disturbances; furthermore, provide the earth connections as
shown in fig. 5;

® Use, if possible, an earth connection without disturbances (protected earth).

The electric signals of electronic drivers (e.g. reference, feedback and enabling signals) must not be used to perform the machine safety

functions. This in accordance with the Harmonized Norm EN ISO 4413.

Always pay particular attention to the switch-on/off of the electronic regulators, since they could cause uncontrolled movements of the

actuators driven by the relevant proportional valve. For further general information about installation and use of proportional valves and dri-

vers, refer to section F of KT master catalogue.
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ATOS COMPONENTS FOR APPLICATIONS IN COMPLIANCE WITH ATEX DIRECTIVE 2014/34/UE

The Atos components involved in the ATEX Directive and thus subject to the CE marking are the whole range of valves provided with electrical sole-
noid actuation expressly designed for application in hazardous areas for presence of potentially explosive atmosphere. Additionally Atos provides a
specific line of vane and piston pumps (see section 3.4) and cylinders (see section 3.5) ATEX certified for application in explosive environment.

All the Atos components not equipped with electrical actuation (i.e. conventional valves, etc) are exempted from the ATEX certification because
their functioning does not generate dangerous conditions for the explosive environment. For detailed analysis see section [4].

3.1

3.2

3.3

3.4

3.5

4.2

4.3

On-Off and proportional solenoid valves - fig. 6 and 7

These components are basically made by: DLHZA-T-

- electrical part for the valve actuation (solenoid) or for the spool position monitor Explosion-proof valve
(LVDT transducer), see section 3.2.

- mechanical part, comprehensive of external body and internal components for
regulation, see section 3.3.

Electrical parts
Solenoids and LVDT position transducers are certified by CESI for application in
potential explosive environment, in particular:

e Protection mode: &1l 2 G, Ex d IIC T6,T4 Gb, Ex 2D Ex tb IlIC T85°/T135°C Db,
for surface plants with presence of gas and dust, category 2, zone 1, 2, 21 and 22.
e Protection mode:€ Ex | M2 Ex db | Mb for application in tunnels and mining
plants with presence of grisou gas or flammable dust. The valve's power supply

have to be switched off in case of explosive atmosphere. DLKZA-TES-*
Integral digital electronics and position transducers are certified according to pro- Explosion-proof valve
tection mode €& Il 2 G Ex d IIC T6, T5, T4, T3 for surface plants with presence of
gas and vapours, category 2, zone 1 and 2.
The On-Off intrinsically safe solenoids are certified according to the protection mode:
«& 111G ExiallC T6 (B T6, lIA T5), for surface plants with presence of gas
or explosive mixture, category 1, zone 0, 1 and 2 (solenoid OW).
e & I M2 Ex ial/ib I, for application in tunnels and mining plants with presence
of grisou gas or famable dust (solenoid OWM).
The intrinsically safe valves can respect the ATEX prescriptions only if connected
to appropriate safety electronics barriers that limit the electrical power to the
valve also in case of short circuit. For the correct functioning of the intrinsically A B
safety valves, Atos recommend to check that the characteristics of the ATEX bar-
riers are in compliance with the requirements specified in the Atos catalogue, tab.
E130 (minimum current limits). For the best functioning of the valves use the bar- DHW-06
riers Y-BXNE-4120* shown in tab. E130. Intrinsically safe-valve

Note: Multicertifications ATEX, IECEx, EAC

Atos solenoid and proportional valves are multicertified according to ATEX Directive,
IECEX Certification Scheme for Explosive Atmospheres and EAC.

The above exposed considerations about safety criteria, Harmonized Norms and
protection mode are also valid for IECEx certification.

Fig. 6

Fig. 7

Mechanical parts

The mechanical part consist of the external valve body.

The safety of the mechanical parts in front of the application in the hazardous envi-

ronment, is consequent to:

a) All the internal parts are separated and insulated from the external environment Fig. 8
by means of pressure-proof seals. The mechanical part is connected to the
hydraulic circuit. Inside the body the internal volumes are filled by the hydraulic PFEA
fluid, thus there are no internal volumes which can be saturated by the external Vane pump with explosion proof ATEX certification
atmosphere

b) The mechanical part is not provided of any potential source which could cause
the ignition of the explosive gas mixture because its functioning, also in case of
failure, doesn’t produce any sparks or overheating

c) The functioning of the mechanical part does not create conditions (overheating,
etc.) which may cause the explosion of the atmosphere.

PFEA vane and PVPCA piston pumps - fig. 9

PFEA and PVPCA are certified by TUV for application in potential explosive environ-
ment, according to the protection mode Ex Il 2/2 GD cbk IIC T6/T5/T4, for surface
plants with presence of gas and dust, category 2, zone 1, 2 and 21, 22

CKA Hydraulic cylinders - fig. 10
CKA cylinders are certified by TUV for application in potential explosive environ- Fig. 9
ment, in particular: .

e CKA cylinders are certified with Notification n° TUV 09 ATEX 366333, according
to the protection mode: € Il 2 GD ck IIC T6,T4, for surface plants with presence
of gas or dust, category 2, zone 1, 2, 21 and 22

e They can be supplied with explosion proof magnetosonic position transducer
(CKAM), ATEX certified, according to the following protection modes:

& 111/2 G Ex d 1B + H2 T6 X, for surface plants with presence of gas or explosi-
ve mixture, category 2, zone 1 and 2;
@tD IP67 T85°C, for surface plants with presence of dust, category 2, zone 22

e CKA cylinders are also available with explosion proof proximity sensors (options
R.S), ATEX certified to €x Il 3G Ex nA Il T4 X, for surface plants with presence of
gas, category 2, zone 2.

CKAM
ATEX cylinder with explosion proof position transducer

Fig. 10

ATOS COMPONENTS FOR APPLICATIONS IN EXPLOSIVE ENVIRONMENT EXEMPTED FROM ATEX AND IECEx CERTIFICATION

Components relevant to section C and D of Atos catalogue: pressure control valves, flow control valves, check valves, modular valves
For the valves with mechanical control the same considerations shown in the section 3.3 can be applied.
For application in hazardous environment are excluded the fast/slow valves, type DHQ and DKQ valves described in tab. D170.

Components relevant to section E of Atos catalogue: directional control valves

For the application in the potential explosive environment are excluded the safety valves provided of mechanical switch or inductive proxi-
mity switch (table E110 and E115).

The valves provided of electrical control are certified as described in section 3.1.

For the valves with mechanical, hydraulic and pneumatic controls the same considerations shown in the section 3.3 can be applied.

Components relevant to section H of Atos catalogue: ISO cartridge valves
The solenoid operated cartridges are certified as described in section 3.1.
For the hydraulic operated cartridges, the same considerations shown in the section 3.3 can be applied.
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According to the requirements of the PED Directive the hydraulic components

subject to the CE marking are:

e Components to be used with fluids of group 2 whose operating pressure is greater
than 1000 bar and/or components whose product pressure x volume is greater
than 10000 bar x liter;

e Components designed for pressure safety applications;

e Power units with accumulators having a volume greater than 1 liter and only if con-
nected to the actuators.

5.1

5.2

5.3

5.4

02/17

ATOS COMPONENTS IN COMPLIANCE WITH PED DIRECTIVE (2014/68/UE)

ARE-06-***/PED
Pressure relief valve

Components relevant sections A-C-D-E-F-H: pumps, valves and cartridges
These components, identified by the article 3, point 1.1 of the PED Directive, are
designed to be used with fluids of group 2, they have a product pressure x
volume under pressure always less than 10000 bar x liter and their max working
pressure is always lower than 1000 bar. Thus they are exempted by the CE
marking, according to the article 3, paragraph 3 of the PED Directive.

PED pressure relief safety valves, (tab. C010, C020, C045 and C066) - fig. 11

These valves, identified by the article 3, point 1.4 of PED Directive, are CE

marked and they are certified by ConCert S.r.L./ IMQ

e Category: IV

e Procedure for the conformity evaluation: Module B (CE-type examination) + D
(manufacturing quality assurance) Fig- 11

They are supplied with Atos conformity declaration and with the installation,

commissioning and maintenance guidelines.

Components relevant to section B: cylinders

Atos cylinders, identified by the article 3, point 1.1 of PED Directive, are designed to be used with fluids of group 2 and their working pres-

sure is always less than 1000 bar.

The cylinders with long stroke can exceed the product pressure x volume under pressure of 10000 bar x liter, in this case they are CE

marked and they are supplied with the Atos CE conformity declaration.

e Category: |

® Procedure for the conformity evaluation: Module A (factory manufacturing inspection).

Components relevant to the section K: hydraulic systems accessories

e subplates series BA-***, technical tables K280, K290 and K295

The above components, identified by the article 3, point 1.1 of PED Directive, are designed to be used with fluids of group 2, they have a

product pressure x volume under pressure less than 10000 bar x liter and their max working pressure is always lower than 1000 bar. Thus

they are exempted by the CE marking, according to the article 3, paragraph 3 of the PED Directive.

Accumulators

The accumulators with a volume < 1liter and with a max working pressure less than 1000 bar, identified by the article 3, point 1.4 of the
PED Directive, are exempted by the CE marking, according to the article 3, paragraph 3 of the PED Directive.

For these accumulators it is valid the declaration released by the manufacturer and available by Atos Quality Assurance department.

It is declared that the accumulators having a volume > 1liter, identified by the article 3, point 1.4 of the PED Directive, are designed to be
used with fluids of group 2 and they are classified depending on the volume and on the max working pressure according to one of the four
classes of the Directive listed in section 5.4.

The accumulators subjected to the CE marking are supplied with the CE conformity declaration plus the installation, commissioning and
maintenance manual, directly provided by the accumulator manufacturer.

Manometers

The manometers, identified by the annex 1, article 2.10 b of the PED Directive, having a max pressure < 200 bar are exempted by the CE
marking according to the article 3, paragraph 3 of the PED Directive

For these manometers it is valid the declaration released by the manufacturer and available by Atos Quality Assurance department.

The manometers, identified by the annex 1, point 2.10 b of the PED Directive, having a max pressure > 200 bar, are classified in the Class
| of the Directive, therefore they are subjected to the CE marking. These manometers are supplied with the CE Conformity declaration
directly released by the manufacturer.

Other accessories for power units

All the components relevant to the above section, identified by the article 3, point 1.1 of the PED Directive, are designed to be used with
fluids of group 2, they have a product pressure x volume under pressure always less than 10000 bar x liter and the max working pressure
is always lower than 1000 bar. Thus they are exempted by the CE marking, according to the article 3, paragraph 3 of the PED Directive.
For these components are valid the declarations released by the manufacturers and available by Atos Quality Assurance department.

Hydraulic power units

The hydraulic power units, if equipped with accumulators having a volume > 1 liter, identified by the article 3, point 2 of PED Directive, fol-
lowing the installation on the machine and the connection to the actuators, are considered hydraulic assemblies, as per article 1, point 1
which have to be evaluated, certified and CE marked according one of the following classes of the Directive:

e Class I:  when PS x V > 50 < 200; Machine manufacturer self conformity certification
e Class Il:  when PS x V < 1000; Conformity certified by Notified Body
e Class lll: when PS x V < 3000; Conformity certified by Notified Body
e Class IV: when PS x V > 3000; Conformity certified by Notified Body

PS = Max design pressure V= accumulator volume (of single accumulator)

The Atos technical dept. on request can provide the support for the evaluation of the above hydraulic assembly's class.

On request Atos can supply the power units certified and CE marked according the PED Directive, therefore comprehensive of compo-
nents for pressure safety function.

The certification of the power unit represent an important advantage in front of the certification of the whole hydraulic assembly, that must
be provided by the machine manufacturer. In fact in this case the customer certification is reduced only to the inspection of the compatibi-
lity of the max pressure of the equipments used in the machine with the max pressure provided by the power unit design.

Each single power unit is provided of installation, commissioning and maintenance manual, containing the relevant CE/PED certificate
reporting the power unit series number and the relevant technical descriptions.

e Evaluation procedure of the conformity: Module H1
¢ Notified body: IMQ
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Mounting surfaces for subplate valves

ISO standard, for directional, pressure and flow control valves plus pressure switches

E ISO 4401: 2005 - for directional, pressure and flow control valves

Mounting surfaces dimensions [mm] ISO code / ports size [mm] Valves type
DH*
DLOH / DLOK
s ) 4401-03-02-0-05 DLEH / DLEHM
fw; ‘ 3 QV-06
i oo TF o RzZMO
o ELJF | \ - RZGO
s 4 ‘ A ) \\B Y ‘ g DHZE / DHZO
\ 4 P,A, B, T=075max DLHZO
i ¢ P VJ‘ without Y port QVH*
_12_7_7 | b H* (modular)
215
30.2
105 4401-03-03-0-05 DH*Y
DHZONY
Y port only for 4401-03-03-0-05 P.A/B, T=075max DLHZO/Y
Y =@ 3,3 max
8 M6
- ‘ 3 i I _ 4401-05-04-0-05 DK*
- T fﬁ’ ¥ j DKZOR
Nl <= | an iy D
of 8| X TARTAB[ 7Y DLKZOR
N R = ‘ QuK*
AR i} *
5 {l i P,A B, T=0@ 112 max K* (modular)
L _ i )
32 without X and Y port
16.7
27
373 4401-05-05-0-05 DK7Y
50.8 DKZOR/Y
4 DLKZOR/Y
62 DP-1*
DPH-1*
P,A, B, T=0112max DPZO-*-1*
X and Y port only for 4401-05-05-0-05 XY = @ 6,3 max
M10 M6
| 4401-07-07-0-05
[ \K i,\ L | 2
1 TP X LAY
B ‘ R EN:
A‘ B © 0%
I Van s Wan o U DP-2
| LN N T DPH*-2*
N _ ] b DPZO-*-2*
1183 | JP*-2* (modular)
341
50
65.9
76.6 P,A B T=@175 max
881 Y = @ 6,3 max
101.6
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Mounting surfaces dimensions [mm] ISO code / ports size [mm] Valves type
r 5 ‘ ,\T; 4401-08-08-0-05
wn | DT
LTT, TP |Y I
X Al B i
LA DP-4*
U
& | o— & { DPH*-4*
56 | \ I DPZO-*-4*
294 JP*-3* (modular)
53.2
77
94.5
100.8
12.7 P, A B, T=0@25max
130.2

X,Y,L=0 11,2 max

[ a - e 4401-10-09-0-05
| E} $ @‘ un n
ot N[ A LEN
| kJT kJP v | g o
‘ L } g .
‘ LA B ‘ 8
Ay an
T A DPH*-6"
@?7 T Eﬁi f(% DPZO-*-6*
41.3
76.2
82.5
114.3
147.6
168.3
190.5 P,A, B,T=®32ma><
X, Y, L=@ 11,2 max
ry (é} PN 4401-10-09-0-05
I w‘
W fan el
| o~
|\ A\ el
o T Py | Pl
| A \B ‘ @
x40 ( ,
|4 M o DPZO-*-8*
© s [T O
413
76.2
82.5
114.3
147.6
168.3
190.5 P A B, T=@50 max

X, Y, L=0@ 11,2 max






@ ISO 6264: 2007 - for pressure relief valves

Mounting surfaces dimensions [mm] ISO code / ports size [mm] Valves type
5 -, 1
i PNE
J vy ‘
M PATAR L 6264-06-09-1-97
X | RI AGAM-10
LY T i AGMZO-*-10
22
s P, T=0 14,7 max
54 X =@ 4,8 max
M 16 ‘ P T@ | f
| l/\ f\l | o 6264-08-11-1-97
X ftj kj\ =
! S, SP, ‘ AGAM-20
\ | 4 AGMZO-*-20
23.8 1.1
349 P, T =@ 23,4 max
57.2
X =@ 6,3 max
79.4
90.5
-1, 11
! % Yy
M 20 P T \’J ‘
i | - C}i {\7)7 ! ° 6264-10-17-1-97
XN D7 N
‘ ‘ e AGAM-32
t (\“ (\‘ ' AGMZO-*-32
_ _ I o
318 12.7 P, T =@ 32 max
44.5
X =@ 6,3 max
76.2
88.9
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ISO 5781: 2000 - for pressure reducing and piloted check valves

Mounting surfaces dimensions [mm] ISO code / ports size [mm] Valves type
M10
_ [
| 5 P
"—r [ o 5781-06-07-0-00
‘A A B '® NI AGIS-10
i €} N nlg
T X[ AGIR-10
i B | $D- AGIU-10
Al AGRL*-10
214 A, B=0¢ 14,7 max AGRCZ0O-*-10
318 X,Y = @ 4,8 max
35.7
429
5781-08-10-0-00
of < AGIS-20
<3
" AGIR-20
AGIU-20
AGRL*-20
A, B = @ 23,4 max AGRCZ0O-*-20
X, Y =@ 4,8 max
M10 B «
% o Yol
! Al | B ‘ $ 5781-10-13-0-00
| AN AN iy
ENPARNIVAE o & AGIS-32
| x | AGIR-32
AN K AGIU-32
167 AGRL*-32
__|246
421
S0t A, B = @ 32 max
627 X, Y =@ 4,8 max
67.5
84.1
E ISO 16873: 2002 - for pressure switches
Mounting surfaces dimensions [mm] ISO code / ports size [mm] Valves type
31
L ; j 16873-01-01-0-02
f O
]
B @P MAP
] fb(
2|
M5 P =@ 4 max

01/15







®
at@g A www.atos.com Table P006-2/E

Mounting surfaces and cavities for cartridge valves

E CAVITIES DIMENSIONS for 2 WAY and 3 WAY CARTRIDGE VALVES type CART-LEH, CART-LEHM [mm]

CAVITY for CART-LEH 2 way

0217 %"
_/ M20x1 6H [Ofo.os[A]B

_| o.05[C
1 o16H7 B
e |€ |l o517 [A]
5 n
g By CAl s| o
SRS < £| & &
N 30 300 | o| oif M [d]
ULy <
xT i =T
c| 2| E 1 S| Sof _
E| nl @ NI wn| s°
| N P ~ QO
m m m
085 |T
CAVITY for CART-LEH 3 way
+01
cavity dimensions 9217 o
[ J0.05][A ‘ )/ M20x1 6H [©o.05
M 216 H7 cavity edges and P, A, B, T connections
“H 215H7 30° 5
| = 9 I 14H7 30° c| © x x
o o n Il @
n| 0| £ X Y gl EEER
i SRR alzd/ 5] 9|8 N B 39
1T = | | | -
e %%% — ] |
= So go *ﬁ ™ c é \l B
| | A p 3| 0 |
[oN Il Q —
N | | A ?
285 |T T
CART-LEHM 3 way
cavity dimensions 021778
[1]0.05]A /M20x1 6H [©f0.05
‘H 2 18H7 cavity edges and P, A, T connections
. ) | 01717 - N
3 ., ., 3| . o I 216 H7 = | g c| gl g X%
n| S 9| | E| X ‘ 30° El 0| El | N E
TR YR 2 Jle15H7 5 NRENEE
: X
$ é A - for 3C version é g A
N Nl n
Sk g g @
A - for 3A version A
T | 210 max. T
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@ 1ISO 7368 COVER INTERFACE DIMENSIONS for 2 WAY and 3 WAY CARTRIDGE VALVES [mm]

Size from 16 to 63

E:02
D:0.2
C:02
g A:02 B 0.2 VALVE TYPE
}7 J—
HH i Héjfﬁ E\%‘ on off
L B
! |
N
% < - f X l\( I LIC
>| WL ‘ ‘ LiQv
LIDD
| A P LIDEW
S ZZA\ LIDBH
_ I _ LIDO
LIDB
L LIDR
LIDAS
proportional
LIQZO-T*

LIQZO-L* 2 way
LIQZO-L* 3 way
LIQZP-L* 2 way
LIQZP-L* 3 way

Size 80 and 100

N N ’ / SEZH-H
\\\@r\o)@// |
-2 - o
n
F 02
N
L M
Size A B C D E F G L M N P max R Smin
16 12,5 23 46 48 46 23 65 M8 4 4 20 6
25 4 13 29 58 62 58 29 85 M12 6 6 30 8
32 6 18 35 70 76 70 35 102 M16 6 8 38 8
40 7,5 19.5 42.5 85 925 85 42,5 125 M20 6 10 46 8
50 8 20 50 100 108 100 50 140 M20 8 10 46 8
63 125 24.5 62.5 125 137,5 125 62.5 180 M30 8 12 66 8
80 - - - - @200 - @250 M24 10 16 50 10
100 - - - - @245 - 7300 M30 10 20 63 10






(3] 1SO 7368 CAVITIES DIMENSIONS for 2 WAY CARTRIDGE VALVES [mm]

150 VALVE TYPE
A
— . on off
@ d1H7
o SC LI
V/ ‘ LIDAS
i c
‘ =
‘ GD 'l proportional
~ I
<~ e 3| € LIQZO-T*
3 ’K - " LIQZO-L* 2 way
< B— o — LIQZP-L* 2 way
I
O
-
®d3max
@ d2H7
[A[ U [O
. 2d3 od4
Size od1 od2 ods o L1 L2 L3 L4 L5 L6 L7 U W
16 3 25 16 225 437 560" 54 425 20 2 2 0,03 0,05
25 45 34 25 27 580 | 720 | 70 57 30 25 25 0,03 0,05
32 60 45 32 385 700 | esd” 83 685 30 25 25 003 0,1
40 75 55 40 54,5 g7 | 1082|102 84,5 30 3 3 0,05 0,1
50 90 68 50 625 w000 | 1220|417 975 35 3 3 0,05 0.1
63 120 % 63 87 1300 | 1550|150 127 40 4 4 005 02
+02 +02
80 145 110 80 100 1750 205 200 1705 40 5 5 0,05 02
100 180 135 100 120 21007 | 24507 | 239 2055 50 5 5 0.05 02
(4] CAVITIES DIMENSIONS for 3 WAY CARTRIDGE VALVES [mm]
15¢
150 VALVE TYPE
15° proportional
dd1H7 LIQZO-L* 3 way
[A] S LIQZP-L* 3 way
-
N S| AU D od2H7 D~ E-
7 R A
n N @©
|
— S M| 5o
| +
o N
e o ED | —
o N =
sﬁ |
O
| - T
A 5
@d4
@d3H7 o U A
Size odl | @d2 | od3 | odd | @d5 | L1 | L2 | 13| 4 | 55| 6|7 | L8 | L9 |Lo|Lt L2l U | w
25 45 | 43 | 34 | 20 | 20 | 115 | 56 | 8 | 103 | 45 | 78 | 25 | 15 | 1 1| 25 | 25 | 003 | 005
32 60 | 58 | 55 | 32 | 24 | 13 | 435 | 8 | 100 | 30 | 705 | 18 | 15 | 15 | 25 | 25 | 25 | 003 | 005
40 75 | 73 | 55 | 40 | 30 | 15 | 54 | 105 | 125 | 36 | 87 | 21 | 18 | 3 3 3 3 | 003|005
50 90 | 87 | 68 | 50 | 35 | 17 | 87 | 143 | 165 | e6 | 122 | 48 | 18 | 35 | 35 | 4 3 | 005|005
63 120 | 116 | 90 | 63 | 48 | 20 | 85 | 165 | 195 | 57 | 137 | 33 | 28 | 4 4 4 4 | 005|005
80 145 | 140 | 110 | 80 | €0 | 25 | 125 | 215 | 245 | 90 | 180 | €0 | 25 | 5 5 5 5 | 005|005
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Functional safety, - MTTF( reliability data
according to EN ISO 13849-1/2

Process
control systems

Machine
control systems

Design of Low complex
safety systems
depending

to categories

Design of medium
and high complex
safety systems

depending on SIL

E DETERMINATION of MTTF( values according to EN ISO 13849-1/2

Table P007-3/E

The new European Machine Directive
2006/42/EC imposes to fulfill additional
safety requirements to all machines or
systems delivered into the European
market. The approach to define the com-
pliance with above safety requirements
refers to different standards according to
the product classification:

e Machine control systems refer to the

European harmonized standard EN ISO
13849. The safety requirements are
evaluated according to reliability
calculation procedures performed on any
single component of the safety system. In
the specific case of hydraulic
components MTTF4 (mean time to
dangerous failure) is applied.
MTTFd is a reliability parameter determi-
ned by statistical approach, which value is
defined by the EN ISO 13849 = 150 years
if all safety principle, as those listed in
section [1 are fulfilled by the analyzed
component.

e Process control systems follow different
standards and their components related
to safety are classified according to SIL
(Safety Integrity Level).

In the following sections are reported the

criteria for MTTFd determination and the

values for each Atos component suitable
to be used in safety related controls.

The evalutation of MTTFq valves for the devices listed in sections [3], [4], [5], has been accomplished according to the basic and well-tried

safety principles suggested in the standard EN ISO 13849-1/2 .

Furthermore an FMEDA calculation has been carried out using failure data taken from recognized international database.

A list of MTTFg values for many valves are available in the following pages.

If the components design fulfills requirements of the above principles, the MTTFq of the device can be evaluated equal to 150 years, that it

means to perform a Performance Level equal to “c” for the architecture corresponding to category 1.

Each type of devices sections [3] to [7] can be classified as follows, according to EN ISO 13849-1/2:

- category 1

- single channel (the component performs a single function)

- high MTTFg

- Diagnostic Coverage: not applicable

- CCF (Common Cause Failure): applicable only to categories > 1

- maximum obtainable Performance Level is “‘c”

- Service life = 20 years (according to EN ISO 13849-1 is the maximum period of using)

The above described classification is valid if the following characteristics of the hydraulic valves are respected:

- The spool returns in rest position in case of valve’s de-energization;
- The spool must keep the rest position when the valve is de-energized;
- The spool must ensure a sufficient overlapping in rest position;

| 2| GENERAL NOTES

+ The reliability values listed in the following sections [3] to [7] are guaranteed if the operating conditions described in each compo-

nent’s technical table are respected

The manufacturer who has to design a machine or a system with specific safety requirements, has to consider the following important

notes:

+ Low complex safety systems designed according to EN ISO 13849

The manufacturer must define the Performance Level (PL) according to the risk analysis. This realiability characteristics is obtainable starting

from MTTFd values of each hydraulic components used in the equipment.

+ Medium and high complex safety systems designed according to EN 62061

The manufacturer must define the Safety Integrity Level (SIL) according to the risk analysis. This characteristics is obtainable starting from

Perfomance Level (PL) defined by EN ISO 13849 and calculated as described in the previous step.

P007





| 3] MODULAR VALVES (Section D of KT master catalog)

SOLENOID OPERATED VALVES

MTTFd value . . Technical
Valves type (years) Configuration (1) Spools type (1) Notes table
HM, KM, HMP 02, 03, 04, 11, 16 - D120
HG, KG 31, 33, 34
D140
JPG-2, JPG-3 " Normally closed
HQ, KQ 190 )
JPQ-2, JPQ-3 12,13, 14, 22, 23, 24 D160
HR, KR 02,03, 04, 11, 16
- D180
JPR-2, JPR-3 12,13, 14
(1): For available coupling between valve type, configuration and spool, see the indicated technical table
| 4| DIRECTIONAL ON-OFF CONTROLS (Section E of KT master catalog)
SOLENOID OPERATED VALVES
MTTFd value . . Technical
Valves type (years) Configuration (1) Spools type (1) Notes table
DHI 0/2,1,1/2,2,2/2,3,4,5,58,6,7,8, EO10
DHE (Ef(léet:zd(a;bgr;g?ﬂ 91, 19, 93, 39, 94, 49, 16, 17, 1/9 EO015
DHEP P (Excepted 0, 90, 09) TEO30
DKEP (Excepted 70) (Excepted 0) TEO30
DLOH, DLOK 2 ey Norma(')‘ry open E041
DLEH, DLEHM E045
3 way Normally closed
0,0/2,1,1/2,2,2/2,3,4,5,58,6
DPHI 61,63,67,71,75 ' o L P
DPHE 75 (Excepted 70) 7,8, 90, 09, 91{61%79& 39, 94, 49, E085
SAFETY VALVES
MTTFd value . . Technical
Valves type (years) Configuration (1) Spools type (1) Notes table
DHI/F* 0/2,1,1/2,2,2/2,3,4,5,6,7,8, 91,
DHE--*/F 61,63,67,71,75 19, 93, 39, 94, 49, 16, 17, 58, 2/7,
5/7,6/7, 7|7 (Excepted 0) Safety valves EY010
TUV certified
OKEF- 61,63,67,71,75 | 0/2,1,1/2,2/2,3,4,5,6,7, 8,91, 19, certine
(Excepted 70) 93, 39, 2/7, 5/7, 58 (Excepted 0)
HF-06"/FV 150 61,67 1,34 - EY050
LIFI Normally closed 42,43
LIDA-*/FV
LIDAS-*/FV EY120
Normally closed 43 Safety valves
LIDAH-*/FV TUV certified
LIDASH-*/FV
75
DPHI-*/FV 61.63.67, 71, 75 0/2,1,1/2,2,2/2,3,4,5,58,6, 7,8,
DPHE-*/FV £ 10d 70 91, 19, 93, 39, 94, 49, 16, 17 EY030
g (Excepted 70) (Excepted 0, 09, 90)
JODL Normally closed )
(Excepted normally open)
150 Two way EY100
* Normally closed Safety valves
JODL-*/FV Y TUV certified






EX-PROOF VALVES
MTTFd value . . Technical
Valves type (years) Configuration (1) Spools type (1) Notes table
0/2,1,1/2,2,2/2,8,4,5,6,7,8,
DHA 150 61, 68,67,71,75 91, 19, 93, 39, 94, 49, 16, 17, 58
(Excepted 0, 09, 90)
DLAH Ex-proof
2A, 2C, 3A, 3C -
DLAHM valves
150
DHZA, DKZA L14, L1, S2, S3, L3, D3, S5, L5, D5 Multicertified
51,53,71,73 Atex, IECEx, EAC
or
DPZA S3, D3, S5, L5, D5 CULUS
75
61.63.67, 71, 75 0/2,1,1/2,2,2/2,8,4,5,6,7,8,
DPHA £ 10d 70 91,19, 93, 39, 94, 49, 16, 17, 58
(Excepted 70) (Excepted 0, 09, 90) see
www.atos.com
DHW 150 61,63, 71,75 1,1/2, 3, 3H . catalog on line
Intrinsically section
safe
1,1/2,3,4,5,58,6,7,8,91, 19, “ex-proof &
DPHW 75 61,63,67,71,75 93, 39, 94, 49, 16, 17 . stainless steel”
certified
Atex. IECEx or KTX ex-proof
DLOH-*WO 2A, 2C, 3A, 3C - ’ paper catalog
. 1,1/2,8,6,7
DHAX 61,63,71,75 (Excepted 0)
. 150 Stainless
DLAHX steel
DLAHMX*
Multicertified
DLPX 3A 3C ] Atex, IECEx, EAC
DLHPX* ' or
cuLus
DLAPX* 75
DLAHPX*
(1): For available coupling between valve type, configuration and spool, see the indicated technical table
| 5] PROPORTIONAL CONTROLS (See section F of KT master catalog)
PRESSURE CONTROLS
MTTFd value . . Technical
Valves type (years) (2) Configuration (1) Spools type (1) Notes table
RZMO-A*, RZMO-R* FS007, FS010
010, 030
HZMO-A* ' FS065, FS067
FS015, FS020,
RZGO-A*, RZGO-R* 010, 033 -
Switch-off FS070, FS075
150 the power supply
HZGO-A*, KZGO-A* 031, 033 for valves FO70
with integral
DHZO-A*, DKZOR-A 51 53 70 71 73 L14, L1, S2, S3, L3, D3, electronics (2) FS160, FS165,
DKZOR-A*, DKZOR-T* T S5, L5, D5 FS168
DPZO-A* S3, D3, S5, L5, D5 Monitor and FS170
51,53, 71,73 feedback signal pro-
DPZO-T* 75 L3, S3, D3, L5, S5, D5, DL5, cessed by integral FS172
Q5,D9, V9,19 electronics
51,53,70, 71,73 L3, S3, D3, L5, S5, D5, DL5 must not be
DPZO-L* FS175, FS17.
© (Excepted 60, 70) Q5, D9, V9, L9, T5 used for S175, FS178
safety machine rele-
DLHZO-T* Lo, L1, V1, L3, V3, L5, T5, L7, T7, vant function
DLKZOR-T* 150 40,60 V7, D7, DT7 FS180
LIQzO-L* 2 way
LIQZP-L* 75 3 way L4 FS330, FS340

(1): For available coupling between valve type, configuration and spool, see the indicated technical table

(2): For valves with integral electronics, the MTTFd value is evaluated considering the valve’s mechanical reliability. For safety function, the power supply
to the valve integral electronics must be interrupted by using a switching device with adequate reliability degree.

P007





@ MODULAR COVER (See section H of KT master catalog)

COVER ELEMENTS
MTTFd value . . Cartridge type (1) Technical
Valves type (years) Configuration (1) e section Notes table
Can be coupled to:
LIDA 32, 33, 42, 43, 52
Check function H040
LIDB Not
relevant
LIDD Flow control HO020
— Can be coupled to:
Directional control
LIDBH Piloted by 82,33,42,43
solenoid valve
150 —— H030
Directional control
LIDEW Piloted by
a shuttle valve
(1): For available coupling between valve type, configuration and spool, see the indicated technical table
CARTRIDGES (See table H003 and H050 of KT master catalog)
2 WAY CARTRIDGES
MTTFd value . Technical
Valves type (years) Area ratio (3) Poppet / Spool type (3) Notes table
sc L 1 T 31,32, 33, 42, 43, 52 H003
1.2 1115 T
150
LIDAS -
11 1116 31, 33, 43 HO50
LIDASH 75

(3): For area ratio of poppet / spool type, see the indicated technical table

The MTTFq4 values of valves not included in these above sections, are available on request
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1 Company profile

Atos Group — consolidated data

Personnel: 450 included temporary employees
Turnover: 90Mio/€

Sesto Calende plant

ATOS spa

Personnel: 293 included temporary employees
The average age is 44 years old (47 for 4 directors);
56% have high school or bachelor degrees
Turnover: 77Mio/€

Main company’s divisions:

- Valves Division: pumps, on-off and proportional valves, manifolds and
systems

- Cylinders Division: cylinders and servocylinders

- Electronic Division: electronic drivers and axis cards

Main manufacturing plants

Sesto Calende plant - Italy ~ Surface under roof : 24.000 m?

Valves Division: vane and pistons pumps, conventional valves, modular
valves, on-off valves, proportional valves, manifolds and complete
electrohydraulic systems, more than 1.000.000 pcs. per year

Electronic division: analog and digital drivers for proportional valves, LVDT
position and pressure transducers for proportional valves, digital axis cards

for motion control, more than 100.000 pcs. per year < £
Atos Shanghai plant

Modena plant - ltaly ~ Surface under roof : 5.000 m?

Cylinders Division: olechydraulic cylinders and servocylinders, more than
35.000 pcs. per year

Other manufacturing plants

Atos (Shanghai) Hydraulics Co.,Ltd Shanghai- China
Surface under roof: 8.000 m?
On-off valves, modular and conventional valves, 100.000 pcs per year

Perucchini, Omegna - Italy ~ Surface under roof : 11.000 m?
Cast iron and steel, Shell-moulding foundry, 10.000 tons per year

Est Due, Trieste - ltaly Surface under roof : 3.000 m*
Modular and conventional valves on Atos design, over 200.000 pcs per year

Est Due, Sesto Calende - ltaly =~ Surface under roof: 1.000 m?
CNC mechanical machining of Atos designed parts
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2 Quality Highlights
Quality Policy

Atos is always intending to achieve and maintain its main targets according to
the Constant Improvement philosophy. This leading principle must be
followed up and integrated in the company working style for an ongoing
growth of corporate activities.

The guideline to achieve these targets are:

+ Guidance to the Customer Satisfaction, namely the development of
effective and proactive relationships providing a Quality Service
based on product conformity starting from technical and commercial
requirements

» Cost reduction of quality defects caused by the incorrect application
of the Quality System; reduction of scraps and improvement of the
efficiency of all activities in any Organization level by optimizing
working methods and times

»  Strict collaboration with suppliers to get progressive and constant
improvements of the range of purchased products and services by
increasing the Quality level and the competitiveness of overall costs

+ Improvement of the sensibility, the team work attitude and the care of
Quality targets in every level of personnel. It is taken good care of
human resources management by qualifying the personnel through
specific training courses

»  Computerization of the production process and individual workstation
throughout the company, in order to comply with requirements of
traceability and production control

Quality and production requirements, design capabilities, Marketing activities
and staff aspirations have to merge into a wide corporate project making
persons aware of their responsibilities and more and more involved in a
continuous growth of Atos.

Quality System conforming to ISO 9001:2008 supplemented with
applications and methods of ISO TS 16949 Technical Specification

In a more and more competitive global market, the Quality of product plays a
basic role in customers satisfaction and therefore in having a successful
business. In continuous improvement perspective, Atos has decided to
integrate the Quality Management System conforming to ISO 9001:2008
norm with applications and methods of ISO TS 16949 technical specification
mainly applied in the Automotive market. The most significant methods used
by Atos are: DFMEA, PFMEA, CONTROL PLAN, SPC, PAP, KAIZEN.

Environment Safety Certification ISO 14001 and BS OHSAS 18001

In 2013 Atos has obtained the compliance with European certification EN I1ISO
14001 (Environmental Management System) and OHSAS 18001
(occupational health and safety management system). This important
achievement has positive effects into the internal organization. The main
advantages are:

- Reduce the cost of waste and pollution

- Reduction in the consumption of energy and materials

- Minimization of risks for workers

2/15

aos A

QPS-001-14-E/0

-T/)j:r /_/ W}
- s 3
4 Al A*EAA A /ﬁt\
/ AR 22 &
a we AL
i AL-A s L A08
, PR B a ¢
X, B . / ”f @\)gx
2 A (-3
1
F v 4
) __
%
aos A ...your partner in electrohydranlics

]
THE INTERNATIONAL CERTIFICATION NETWORK

CERTIFICATE

cisamma-csa

ATOS SPA

IT - 26199

1ISO 14001

ISO 14001 Certification

OHSAS
18001

BS OHSAS 18001 Certification






Quality Plan Standard

Sharing of quality policy with all corporate levels

The Quality policy and the most significant trend indexes are shared with all
operating services and departments. The main goal is to maximize the
involvement and participation of all company personnel in regards to Quality
subjects. Everyone has the right and duty to notify possible inefficiencies or
nonconformities both of product and service. Each report will be always
checked by services in charge; appropriate and corrective actions will be
targeted and put in the field.

Strong partnership with customers and suppliers

Atos policy promotes strong partnership with customers and suppliers; close
technical relationships with customers enable a thorough knowledge of
products and applications, thus developing products able to meet all the
requirements and suitable for the relevant application. The partnership with
suppliers builds up and promotes their involvement in the company policy of
continuous improvement; therefore the supplier becomes an active partner in
the process of growth and improvement of Quality standards.

Personnel with high competence

Atos invests a lot of resources in staff training at all corporate levels; the
competence of staff plays a fundamental role to reach and maintain high
quality standards over time and, in addition, to promote the policy of
continuous improvement. The training courses are planned with reference to
the Skills Matrices, that point out and relate the individual skill to the running
working activity, so any possible gap can be easily filled. In addition specific
training are scheduled and focused on new methodologies learning

(see ISO TS) or on using of new working tools.

Suppliers with certified Quality System

For further higher quality assurance of purchased components, Atos
suppliers have a certified quality system according to ISO 9001 or ISO / TS
16949 Quality Management System or their own quality system aligned to
ISO 9001 standards. All suppliers are approved through joint Audit carried out
by Quality and Purchasing specialists and their status of Atos supplier is
maintained by continuous monitoring of their trend indexes particularly the
PPM (Parts-Per-Million) nonconformities. The evaluation of suppliers by
Vendor Rating is issued every six months. Suppliers with underperforming
VR index respect to Atos’ target are called to jointly define proper
countermeasures to restore the targeted quality rating. The partner suppliers
that reach the highest evaluation are awarded with the title of "Supplier of the
Year".

SAP management software
In order to further improve the efficiency and integration among the several

business divisions of the Atos Group, from the beginning of 2013 Atos has
adopted SAP software for the whole company management.
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Software for Quality Management

Quality activities are managed by the support of a specific software; the IT
solution is able to ensure the effectiveness of operations and greatly increase
the efficiency of the corporate organization. The software includes a wide
range of application modules, covering the requirements of the Quality
system in regards to the most strategic areas such as: Quality Control,
Metrology, Equipments Maintenance, Problem Solving, Non Conformities,
Customer complaint and Statistical Process Control.

The analysis of the complaints is managed with 8D method that provides
excellent guidelines to identify the root cause of problems and put in action
the eventual corrective procedures.

Punctual Analysis of NonConformities, for a continuous improvement

The Non Conformities are split in three main groups:
- External Non Nonformities, reported by customers
- Internal Non Conformities, reported by departments or services
- Non Conformities in material entrance, dependent on suppliers

Each Non Conformity is carefully analyzed, developed and resolved with
corrective actions, according to the Problem Solving method. The quality
dashboards are updated weekly in the production departments to show the
records of the internal and external Non Conformities and to involve the staff
in the continuous improvement. With quarterly frequency, the quality
department prepares the quality statistic analysis that is shared with all the
departments in order to jointly define and implement improvement actions in
any process of the company.

Specific software for design and DFMEA method

Atos design service uses specific software, able to analyze the requirements
of products just in the early development phase and to define all the relevant
activities of the technical office.

- CFD (Computational Fluid Dynamics) performs calculations of
pressure losses and fluid forces generated by the fluid flowing into
the valve

- IST Spring Design allows to calculate the loads and the geometrical
parameters of a spring, besides it allows to check its performances
under fatigue stress

- IBIMEC allows to apply DFMEA method in the component design. It
also makes immediately available the company know-how through
the analysis of the historical experiences up to the definition of a
specific product

- FEM (Finite Element Method) checks the structural strength of a
mechanical device.
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Significant equipments at the R&D department

Atos R&D department is provided with the necessary equipments needed to carry out functional and
performance tests on products and components; in addition specific machinery are able to simulate the most
critical applications which Atos products could be applied to. The functional tests are performed both during
the feasibility study of a new product and on large serial production. The R&D plays a fundamental role in
identifying functional limits and weak points of the product, allowing designers to work and focus on the
improvement of Quality, Reliability and Performance standards.

REFERENCE
EQUIPMENT TYPE EQUIPMENT MODEL TESTS PERFORMED STANDARDS TESTS DESCRIPTION
W06 | pgerse | SATvTIST | umasosy | Temiomed it st ot
CHAMBER CONDENSED WATER TEST UNI EN ISO 6270-2
coated samples
SHAKER LIN(;Y?;';'CIMIC MECHANICAL STRESS AND EN 60068-2 Sinusoidal osciollation
V830-335 SPAL6K VIBRATION ON 3-AXIS DIN 40046 Random oscillation on X/Y/Z Shock test
THERMAL |\ e wr 120/70 THERMAL TEST T electc cornection nreal woring
CHAMBER RANGE -70°C +180°C L &
conditions
CLIMATIC THERMAL TEST DIN IEC 60068-2- 14 | Functional tests of component with hydraulic
CHAMBER WEISS WK3-180/40 TEMP. RANGE -40°C +180°C | DIN IEC 60068-2- 30 and electric connection in real working

HUMIDITY RANGE 10-98% | DIN IEC 60068-2- 38 conditions with humidity

IP PROTECTION

. DIN 40050-9 Analysis of IP protecion class provided by
DEGREE TEST WEISS SWT 1000 IPX6 +IPXIK CEI EN 60529 enclosures of electroni components
INFRARED SAT-G 90 -20° + 1500° Photo and video in infrared wavelength.
CAMERA 7,50+ 13 Resolution +80mKa 30°
FATIGUE TEST ON PRODUCTS 5 L
FATIGUE TEST VARIOUS SYSTEM FATIGUE TEST ON 24/7 W:f;:f::;:; ‘éeor'r;y;ititt’:'ty of
COMPONENTS P P

o mE Ee

|
IP protection degree test

Infrared camera Fatigue test
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Significant equipments at Quality Assurance department
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The Quality Assurance department is provided with forefront machinery and equipment able to monitor
automatically or semi-automatically the conformity of the components manufactured in-house or from
suppliers. The controls are defined according to the critical points of each component, and according to the
supplier's VR. The quality and sampling plans are managed dynamically according to the number of
conformed supplies and they are set on three levels: low, normal or intensive. Suppliers having high quality
level maintained over the years, work under Free Pass; however all suppliers are required to prove and state
the results of their own inspections and tests. The QA dept is capable of supporting suppliers as well as the
internal operational departments whenever specific instruments or customized inspection are required.

EQUIPMENT TYPE EQUIPMENT MODEL MEASURING RANGE RESOLUTION EQUIPMENT CHARACTERISTICS
Renishaw probe PH10,
3D MEASURING MACHINE DEA IOTA 0102 X910mmY 610mm Z 410mm 0,1n SW TUTOR and PC-DMIS
Renishaw probe PH10,
3D MEASURING MACHINE DEA GLOBAL 071005 X700mm Y 1000mm Z 500mm 0,1n SW TUTOR and PC-DMIS
Automatic probe T7W,
ROUNDNESS TESTER MAHR MMQ 44 X 180mm Z 350mm 0,01p SW FORM-PC
Semiautomatic probe T7W,
ROUNDNESS TESTER MAHR MMQ 44 X280mm Z 500mm 0,01p SW FORM-PC
UNIVERSAL LENGTH . Calibration of measuring instruments
MEASURING MACHINE JENA 01-600C Length 0<600mm 0.1u SW QM-SOFT
. Measure outside diameters
OPTICAL SCANNER HOMMEL-ETAMIC C310 @ 6+100mm Length 350mm 0,1 SW TURBOPTIC 3
OPTICAL MEASURING | SMART SCOPEMVP 250 | X 300mm Y 150mm Z 150mm 0,51 Motorized lens x27+x175
SW Measure-X
Motorized lens
MICROSCOPE LEICA DM6000M X76mm Y 50mm 0,3n
x1 x1,5 x2 x6
PROFILE PROJECTOR SCHNEIDER P500 X200mmY 100mm 1p Dlspla.y. Ml.JLTICOUNT 2000
magnification x10 x25 x100
HARDNESS TESTER DURAVISION 200 1:250Kgf 0,01 Rockwell, Brinell, Vickers,
Knoop e per materiali plastici
MICRO HARDNESS TESTER GIBITR_II—EE'\SA_:_JEL;I UNTT 1+100SH 1SH Shore A, Shore D, Micro IRHD
ROUGHNESS MEASURING Probe GD 120
+
STATION MAHR MARSURF XR20 X120mm =750 0,001p SW MAHRSURF XR20
. . Three load cells
SPRING TESTING SYSTEM EASYDUR DYNO 0+300Kg 0+300N 0,001Kg 300Kg - 50Kg - 5Kg
0+81g 0,01mg Weighing, Weighing %,
BALANCE OHAUS DISCOVERY 0+210g 0,1mg Dinamic weighing, Density

o - 2R 11§
s

)

Pl
Spring testing instrument
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Forefront and highly reliable production machine

For in-house production of components, Atos uses the most advanced
machines able to perform high productivity and capability and to grant high
quality standards.

Galvanizing plant for ECP surface treatment

Atos has developed an innovative treatment of surface protection for its
products called ECP (Enhanced Corrosion Protection Cr +6 free), able to
provide high resistance against corrosion over 200h

(salt spray test UNI EN 9227).

The forefront galvanizing plant grants high quality and repetitive zincing
protection to all valve bodies and component parts.

Assembling benches with PC’s displaying drawings, part lists and
visual instructions

The assembling benches are equipped with touch screen monitors connected
to Atos’ intranet network. Once the unique barcode related to valves order is
read, all the updated information needed to assemble properly the valve are
displayed and available for the operator such as drawing, technical
specifications and Visual Instructions. This important improvement optimizes
the assembling operations by reducing possible errors and improving the
order and layout of workstations thanks to paper documents removal.

Acceptance test on 100% of production

All Atos products are 100% tested; it allows to detect and identify possible
functional nonconformities, before components are supplied to the
customers. The test benches are fully automated to minimize the human
error and to operate more efficiently and effectively thanks to preset test
cycles tailored and selectable for each component. Any possible
nonconforming product detected during the test is immediately rejected and
delivered to the relevant department for analysis and overhaul.

Univocal traceability of testing data through Data Matrix

Data Matrix is a bi-dimensional bar code able to record a lot of information
regarding the valve production and testing. Data Matrix is etched by laser on
the valve nameplate for an immediate and univocal traceability of every
single component; beside, it allows to combine performances and information
measured during the valve’s functional test. Main information recorded in
Data Matrix: references of customer purchase order / acknowledgement,
operator who carried out the test, reference testing bench, measured

Fl/
S M = l
Automatic testing benches

parameters during functional test. Data 'l"amx
AR J

Systems for the analysis of fluid contamination o P """

e A

Atos production testing benches are equipped with a in-line system for fluid = ==t alos ‘Ca

contamination analysis (ICM) to constantly monitor the fluid cleanliness level wae Y09

in compliance with International Standards ISO 4406:1999, NAS 1638; AS o

4059 and ISO 11218. Data Matrix traceability code

Systems for the analysis of components contamination

Atos lab is equipped with Cleanliness measuring instruments (washing
cabinet, microscope, precision balance) for the analysis of the cleanliness
level on its components according to ISO 18413, ISO 16232, ISO / TR
10949. Atos constantly examines the state of its products, pays particular
attention to the study of the possible origins and implements measures to
improve the components cleaning.

Cleanliness Measurement
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3 Purpose of the Standard Quality Plan

This Quality Plan, edited in conformity to UNI ISO 10005 norm, shows the procedures carried out

by Atos to comply with the quality requirements applied to the production of components.

The document has been deliberately issued in synthetic form and with general purpose contents because
specific information are just included into the Quality Manual.

Atos manufacture standard components, reported on technical catalogue, and special execution products as
well; consequently the Quality Plan differentiates the specific activities related to both production lines.

If the contents of this document do not comply with the customers’ requirements, they could inquire to the
Atos Quality Assurance Service a registered copy of Quality Manual.
This document is considered under “not controlled distribution”.

4 Atos and Quality Assurance

The Atos management system is in accordance with a Quality System conforming to the UNI EN ISO
9001:2008 standard.

The Quality management system certificates nr. 178/95 and 179/95 has been achieved via notified

body R.l.Na. (Registro ltaliano Navale) on 1995; whereas notified body CSQ released the later extensions.
Nowadays only one quality system document nr.9105 certifies the three company divisions.

Quality has been always a key point for Atos, specifically matured by managing orders according

to quality assurance requirements for civil, naval and military applications.

Main supplies programs, managed according to the Quality Plan

Customer: ALENIA-OTO MELARA, ltaly

Supplying: tilting and levelling cylinders for missiles launching ramp system SAMP-T. Lifting and stabilizing
cylinders for armoured vehicle type B1

Reference norm: NATO AQAP-18&4 (indirect qualification for Defence Admin)

Customer: TRW Pamplona, Spain
Supplying: control valve for rear axle power steering of trucks
Reference norm: ISO TS 16949

Customer: CAT Paving System Minerbio, ltaly
Supplying: manifolds and modular groups
Reference norm: ISO TS 16949

Customer: National Oilwell Varco Huston, Orange, USA
Supplying: Atex certified on-off and proportional valves
Reference norm: Explosion proof Atex

Customer: Alstom Power IST
Supplying: oil-hydraulic systems, servocylinders, manifolds for industrial steam turbines
Reference norm: ISO 9001-Alstom standards

Customer: General Electric — Nuovo Pignone

Supplying: manifolds, Atex certified on-off and proportional valves, cylinders
Reference norm: Explosion proof Atex

Cetrtificates and qualifications achieved in Quality system

Quality system

- Dedicated Quality Plans to manufacture components in compliance with ATEX and PED directives

- Registration to the supplier and bidder lists of the Defence Administration for following
components categories: motors, pumps and hydraulic servocontrols, piston and vane pumps,
fluid dynamic devices for remote control

- Registration into vendor lists of important groups operating in automotive, energy, steel and mining
Industries
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Product certifications:

- Explosion-proof ON-OFF and proportional valves also with integral driver and intrinsically safe valves for
applications in hazardous environment and mining; they are certified according to ATEX , UL and Gost-R
Rostechnadzor directives

- Explosion-proof valves for applications in hazardous environment; they are certified according to IECEx
international safety standard

- Cylinders and pumps for use in explosive environmental; they are certified according to ATEX directives

- Safety manifolds for hydraulic press-brakes, certified by TUV ltaly

- Safety manifolds for hydraulic bending presses, TUV ltaly approved

- Pressure relief safety valves certified according to PED directives

- UL 429 & CSA 22.2 approved directional on/off control valves with coils in class H for standard applications

- Safety solenoid valves and cartridges with integral mechanic microswitch or integrated inductive proximity
sensor or inductive position sensors, TUV-Italy

- Ex-proof solenoid valves spool type and free-leakage poppet type conform to SIL3 safety level according to
low demand mode operation, TUV ltaly

- All Atos valves are PCT certified, according to GOST (Russian mark equivalent to CE)

All above mentioned certifications are available on our web site www.atos.com

5 Duty responsibilities

Hereafter the relevant services of Atos organization that are responsible for the implementation of the Quality

Plan:

- ASQ: ensure that the activities required by quality management system are planned, implemented and
controlled by monitoring their development

- ASQ: determine the sequence and interaction of processes related to the Quality Plan

- ASQ: communicate requirements to all involved company services and divisions, subcontractors and
customers. Solve issues that might come out at interfaces among these groups

- ASQ: double check the results of performed audits

- DGE: authorizes requests for exemptions to Atos Quality Management System procedures

- ASQ: monitor corrective and preventive actions

- DGE: review and approve changes to the Quality Plan or deviations from it

DGE : General Management
ASQ : Quality Assurance
Quality reference documents: QA-002-01-ASQ, Quality Manual

6 Checking of documents, data and records

All Atos documentation is identified, registered, protected and preserved in accordance with qualified criteria
conforming to UNI EN ISO 9001:2008 norm.
All internal documentation is managed through specific procedures and specifications that define modes and
responsibilities for their processing, coding, distribution and review.
Responsibility of the external documentation management falls on the reference department who is in charge
of the specific activities of management, registration and distribution.
The external documents (norms, technical specifications of the customer) are considered under controlled
distribution and they are registered in special lists drew up and updated periodically by QA dept. The data
management is carried out by Atos both on paper and on data processing supports according to the running
software used for management, design and usual practice and handled by the IT dept.
The records are identifiable, traceable and preserved for a minimum of three years.
The Quality reporting will not be disclosed to entities outside the company except for specific agreement with
the end customer during the "contract review".

Quality reference documents: QA-005-01-ASQ, QA-005-02-ASQ, QA-005-03-ASQ, SAS-003-D

7 Training
Staff training is handled at all company levels according to defined procedures and skills required for specific

roles or functions. QA dept is responsible for the program management, training and refresh courses.
Quality reference documents: QA-018-01-ASQ
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8 Order processing and customer service

All customer notes, specifications and purchase orders are analyzed and checked in the “review of contract”
according to established procedures.
Commercial (COM *), technical support-to-sales (ITEC) and technical dept. (TEC) are responsible for analysis
and development of technical-commercial inquiries.
Atos has its own customer service with high skilled personnel normally engaged in R & D activities. The
requested onsite technical assistance is recorded on a proper forms and it is always supported by specific
technical reports sent to the customer.
Service dept (REV / ASS) is responsible for the management of goods returned for in-house inspection.
ASS/REV is supported by R & D, Quality Control, QA and Production dept. whenever specific analysis and
test are required.

Quality reference documents: QA-003-04-COM, QA-019-01-TEC, QA-019-02-PRO

9 Research & Development

Atos design is managed separately by each one the three divisions; each one is responsible for the relevant
product range. Products design is developed by two different services: technical office that is the responsible
of components design; R&D that is responsible of testing procedures and products validation.
The “Design Plan” is worked out by the technical dept. and, in case of standard product, it must be approved
by Marketing dept. and General Management; whilst, in case of special product, the final approval is from
customer. The planning and management activities of products design are defined by implementing DFMEA
method that involves several company services.
The control and validation of the standard design are always carried out by testing one or more prototypes
according to a qualification trials program prepared by the R&D dept.
The engineering development of special products is normally carried out by testing the “first sample” on the
end-user machinery and by involving the customer for final approval.
Test and verifications reports are always registered into the Project Plan.

Quality reference documents: QA-004-01-TEC, QA-004-02-TEC, QA-004-03-TEC, QA-004-04-TEC

10 Outsourcing and suppliers’ management

Each of three Atos business divisions manages the purchasing activities separately from the others.
In order to maintain high quality rating of purchased components, Atos makes use of suppliers with quality
system according to UNI EN ISO 9001-2008 or ISO TS 16949 or with own quality system aligned to ISO
standard. Each supplier is qualified and constantly monitored through specific audits carried out by Atos QA
and Purchase dept. specialists.
Suppliers’ Vendor Rating (VR) is issued by three Atos business divisions every two quarters in order to
monitor suppliers’ performances in terms of quality of supplying, reliability of delivery terms, flexibility and
technical support forwarded to Atos. Suppliers with underperforming VR index respect to Atos’ fixed target are
called to jointly define proper countermeasures to restore the required quality rating.
Atos carry out specific frame agreements with suppliers having a VR higher than a fixed bench mark, long
term high quality rate of supplies and strong technical relationship with Atos; this agreement includes self-
certification and Free Pass.
The PAP procedure (Product Approval Process), derived from Automotive PPAP, is also active for the
verification and validation of products manufactured by new suppliers or by already approved suppliers in
case of changes in their production process.
The purchase orders are formalized on specific numbered forms, including the contract terms fixed in the
relevant supplier’s contracts.

Quality reference documents: QA-006-01-PRO, QA-006-02-PRO, SAS-465-Q

11  Production

The internal and external machining are managed through manufacturing and inspection cycle worked out for
all types of components according to defined procedures.
Assembly and testing activities are managed through order and bill of material, supported by technical
specifications and visual instructions for the assembly and testing operations of the specific product.
In section 19 flowcharts of the standard production process of the three Atos divisions are reported.
Quality reference documents: QA-009-02-PRO, QA-009-03-PRO
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12 Identification and traceability

The identification of parts and products is usually carried out by affixing the identification labels on the
components. The critical parts are etched by punching or by laser.
The “primary material traceability” is applied only to the critical parts by affixing or marking specific codes
through which it is possible to trace the manufacturer (supplier or Atos department), the production dating and
the belonging batch.
The “finished products traceability”, applied on all Atos products through marking, allows to identify the name
of assembler and inspector, the dating (week/year) and the test execution procedures.
In addition, the new identification procedures through Data Matrix code etched by laser on the valve
nameplate is now running. It consists of a bi-dimensional bar code for an immediate and univocal traceability
of all valves manufactured by Atos on functional testing basis.

Quality reference documents: QA-008-01-ASQ, QA-008-02-ASQ, QA-010-01-ASQ

13 Control of goods supplied by the customer

Whenever applicable, the products supplied by customer are identified and handled separately from Atos

standards line. Their storage is managed in separated warehouse areas.

Unless specific agreements and prescriptions, standard control and management procedures are applied.
Quality reference documents: QA-007-01-PRO

14 Products preservation

All the parts managed in the company are handled, stocked and preserved through specific equipment and
protections. The preservation against ambient decay is granted by coating protective products.

Packing for the shipment is realised by using different protections related to the package weight, the selected
way of transport, particular customer requirements and running norms. To meet the growing market demand,
Atos uses new ecological and effective paper based packing system which offers best mechanical protection,
full compliance with environmental requirements as per ISO 14001 and a easier swallowing of the paper
packing instead of others plastic fillers.

Quality reference documents: QA-015-02-PRO, QA-015-03-PRO

15 Checking of not conform products

Specific areas for the segregation of nonconforming products are well marked in all production departments.
The products nonconformities both for simple part faults as well as finished product defects are always
identified with coloured tags: red for material to be rejected; yellow for material to be checked and overhauled.
The rejected product is quickly scrapped or returned to the supplier in order to prevent any possible misuse.
The exceptionally accepted or repaired material is properly identified and managed to allow its traceability in
any phase of production process.

The analysis of nonconformities is handled through the Problem Solving methodology. The non-conformities
procedures can be issued by any company dept. and they are always registered on specific forms according
to defined procedures. QA dept. determines the method to manage the nonconformity and the activities
needed to analyze the problem, the service in charge of the analysis and the action planning to prevent future
occurrence. In regards to technical issues, Technical dept. has the exclusive responsibility for the acceptance
of exceptions or repairs.

Quality reference documents: QA-013-01-ASQ, QA-013-02-ASQ
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16 Monitoring and measurement

Process control is an effective and objective method to detect products nonconfomities.
Inspections and tests are carried out on three different phases basis.
Acceptance sampling is done by the acceptance control dept. according to a sampling plan based on three
set levels according to the product complexity/function and the supplier’'s VR rate. Drawings of mechanical
parts, operative and visual instructions are adopted as reference documents. The sampling results are
processed through Quarta® Blulink, a specific software able to issue effective and precise survey.
In line controls performed by the machine tool operator and based on statistic sampling; they are supervised
by the foreman and the responsible of on line controls. On line controls are registered on specific department
registers or via acquisition data software. Design drawings and manufacturing operational chart are used for
such a purpose.
IPCQ (In Process Quality Control): In addition to the standard in line controls, in order to monitor the most
critical production process and to improve the working methods, the ASQ staff performs internal auditing
activities to define the weakness of the process, relevant improvements and staff training.
Final functional tests are performed on all components by the testing operator and in accordance with the
product test specification or automatic testing procedures.
The objective proof of the functional tests’ execution is granted by the presence of the “product traceability
code” and by Data Matrix etched on the valve nameplate.
All the instruments used to control and test components are encoded and registered on specific master
registration cards. Their suitability is constantly verified by the QA personnel employed in metrological
laboratory through the relevant controls established in the same master registration cards. The instruments
verifications are carried out by using primary samples SIT or by relying on external accredited laboratories.
The instrument management relies on the support of QMSOFT® specific software.

Quality reference documents: QA-010-04-ASQ, QA-010-05-ASQ, QA-011-01-ASQ, QA-012-01-ASQ

17  Audit, statistic survey, corrective and preventive actions

Quality audits are constantly carried out by the QA personnel both inside the Company structure and
organisation as well as at the external suppliers.
The results of the inspections are always registered on specific forms, that are integral part of the Quality
system documentation.
Statistical techniques are applied to monitor constantly the performances of the most significant indexes:
- External nonconformities reported by customers
- Internal nonconformities reported by departments or in-house
- Nonconformities dependent on outsourcers and detected in acceptance
- Controls and tests in acceptance and in production
- Products’ overhauling
- After-sales Service
- Customers’ claims
- Delivery delays
- Missing parts in production
Quarterly the QA dept. draws up the non-conformity analysis in accordance with defined procedures.
In order to raise awareness and involve personnel at any company levels, quarterly the survey charts of the
most significant quality indexes are displayed in the relevant showcases present in all production areas.
Corrective and preventive actions come out from the analysis of product or service nonconformities that are
registered through internal and external nonconformity claims as well as form audits carried out by the Notified
Body. The accomplishment and effectiveness of the engaged corrective action is planned and monitored in
subsequent audits.

Quality reference documents: QA-017-01-ASQ, QA-014-02-ASQ, QA-020-01-ASQ

18 Employee Suggestion Program
Improvement actions are also born at operational level according to Kaizen approach through the
"improvement suggestion card" submitted directly by the production workers to the management. These
suggestions are evaluated one by one by a team of Quality, HSE and Production managers and then promptly
applied.

Quality reference documents: SAS-539-Q
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19 Flowchart of the standard production process

19.1 Valves and manifolds division: production flowchart
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19.2 Cylinder division: production flowchart
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19.3 Electronic division: production flowchart
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