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RETROFITTING OF THE HYDRAULIC INSTALLATION OF A CNC LATHE
FOR RE-PROFILING RAILWAY WHEELSET
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Abstract: On the occasion of refabrication of a specializedatlel lathe, designed for the processing of
railway wheels (whellset), the authors of this @didesigned and built a new hydraulic installatidmis
new installation correlates with the new workingthoel of the machine tool. Initially, the lathe tdid
with two main shafts that work "in the mirror", le@ed the specific profile of these wheels by aogyi
After refabrication, the machine tool works in WitiNC. After the realization of the hydraulic prdjec
the simulation of the dynamical operation of tH&ng/lowering system of the blank/workpie was per-
formed. The lifting/lowering system works with rrmasses up to 2000 kg, requiring positioning-pr
cision and repeatability. Due to the large weiglittloe semifinished, but also due to the precisien r
guirements specific to the CNC machine tools, imigerative that the clamping and locking systems t
be very firm and secure
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1. PRESENTATION OF THE CINEMATIC- of the V-belts transmission 3, drives the commaaftsih.
STRUCTURAL SCHEME OF MACHINE The gears 4 and 5 transmit the motion to the twinma
TOOL spindles I} and Il and the chuck plates 8. For the sim-

ultaneous processing of the two S surfaces acapridin
the specific profile [15 and 16], two feed drives®and
X directions. For th& axis, theEM; motors operate the
ball screws 18 by means of backlasch free redutérs
They supply the feed of the slides 19. The slidesbve
the slides 21. These slides, on which the toolsad
attached, move along thé axis with the help of the
kinematic feed chains consisting of the motek4, — 22,
gearboxes 23 and the ball screws 24 [4, 5, 6, 14].
From the scheme shown in Fig. 1 it is noticed that
hydraulic system must ensure the following funcsidor
this machine:
1 — locking and unlocking the sleeves 7 with foyline
ders C3);

The machine tool designed for the simultaneous ma
chining of the two wheels, in the conditions spiecib
the CNC machines of this type [15], has the kinérnat
structural diagram in Fig. 1. On the bed 1, prodicéth
horizontal guides, the slides 7 can be positiorsukdd-
ing on the size of the blank 15. The positioningthud
two slides is done with the trapezoidal screws 4 2rd
5] driven by the reducer 11 and by the electric anot
EM; - 10. The two positioning screws are kinematically
connected by the coupling 13 [4 and 5]. After posit
ing, the slides are locked by means of four cylinde3
provided with the claws 25. The blank 15 is raisethe
working position by means of the elevator 14 drivmn

the hydraulic cylindeC1. In addition, the same system 2 _ tightening and loosening the chuck jaws atttbe

ensures thg descending and _evacuation of the vm_nkpi chuck plates with three cylindei62);
The clamping O_f the blar_wk is made on each side by3 — raising and lowering the blank/workpiece in thed
means of three jaws 9 driven by the cylind€& The 504 ot the level of the axis of the main spinglerizans
cylinders are fed through theandB paths by means of ,fthec1 cylinder.

the rotary connectors 6. These are provided widindge
systemsD. For processing the tw8 surfaces, specific
cutting movements are required [17]. The controthef
machining is done by means of specific system$eded In order to design the hydraulic scheme for thalref
machines and is facilitated by the presence otdmerol ricated machine tool in the CNC variant, the foliogv
equipment [16]. The main cutting motion is ensubyd  particularities and requirements were taken in

the electric motor EM(2) at the shaft |, which by means consderation:

2. HYDRAULIC DIAGRAM

» the machine being with numerical control, the mali
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» the clamping/unclamping of the jaws is purely hy- ¢
draulic with reliable confirmations of the contrdle
states [6];

» the operation of the hydraulic jaws is done wittaro
ry connections, which have losses through the drain
age circuits;

» the locking and clamping functions will be enssured
in case of electric failure using electric or hydia
power [1, 6];
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the cylinder for lifting and lowering the blank Wil
work depending on the semi-product operated and the
phase, at two different pressures and will have the
possibility of initial adjustment of speeds in bath
rections;

in case of hydraulic and/or electrical failure, thg-
inder C1 is locked so that there will be no risk of
damage of the work or injury to the human operator
[1, 2, 8].

The hydraulic design scheme is shown in Fig. 2.
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Fig. 1. Kinematic-structural diagram of the lathe: 1 € lpéth guides, 2 EM1 electric motor of the main drive, 3 — V-belt drjv,

5 — gears, 6 — rotary copling, 7 — slides, 8 — ktplate, 9 — hydraulic iaws; 10 — EM2, electric ordior relative positioning; 11 —
reducer; 12 — trapezoidal screws; 13 — coupling: bdraulic lifting /lowering of blank/workpiec&5 — blank/workpiece, 16 —
EMS3 electriv motors for feed on ax¥§ 17 — backlasch free reducers; 18 — ball scre@s; glides on axiX; 20 — cutting tool (spe-

cial turning cutters), 21 — slides on aXis22 —EM4 feed drive elevtric motors on axis23 — backlash free reducers; 24 — ball
screws; 25 — hydraulic blocking clawdl — cylider of system 1452 — claws drivind cylinders€C3 — cylimders for actuating claws
25; 1, 11, 14, 111,— shaftsS— processed surfaces;Z — CNC axes having the possibility of working witterpolation.
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Fig. 2. Hydraulic scheme: 1 — tafik 2 — pump with pressure regulator, 3 — electrieedmotor; 4 — pressure relief valve; 5 — ma-
nometers; 6 — double check valve; 7 — pressurechegwalve; 8 — directional valve; 9,10,18,19,20;2dressure switches; 11 — limit
swithes; 12 — cylinde€,; 13 — check valve hydraulically operated; 14 -edlional valve; 15 — throttle valve; 16 — actuataylin-
ders of blocking clampSs; 17 — actuation cylinders of jaw@; 22,23 — directional valves; 24 — accumulator-2&fety block; 26 —
electronic temperature transmitter; 27 — checke/ad8 — retur filter; $+ 6S— electromagnet$i,—,;— adjusted values of the

presures.
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The pump 2, driven by the electric motor 3, sucks o
from the tank 1. The pump regulator is set to aiergdl.
To protect the installation, it is recommended tta
pressure valve 4 to be adjusted to a pregsuabove the
p; value. The pressurp; is the maximum pressure at
which the plant will normally work and at which ig
acived theC; - 16 cylinder locking and the clamp-
ing/unclamping of jaws through the cylindeEs — 17.
The C; — 12 cylinder will only work at the pressure pl
when lifting heavy parts. When lifting lighter parand
always for lowering, this cylinder will work at thares-
surep3. This pressure is ~ 20 bar lower than the pressu
p; and is adjusted by means of the reducing vah& 3,[
8]. The pressure values are visualized by meartheof
pressure gauges 5. The working pressure is selésted
means of the distributor 8. The separation of fheuits
is provided by the double-sense check valve 6.prks-
sureps is confirmed by the pressure relay 9 sefpfo
Superior pressung, is confirmed by relays 9 and 10. The
latter is set top4. To select the working pressure, the
electromagnetsQand &5 should be energized. The posi-
tions between cylinde€; works are confirmed by limit
switches 11. The lifting and lowering control ofisth
cylinder is performed by directional valve 14 bytue-
ing 3S and & electromagnets. The lifting and lowering
speeds are adjusted in the installation test phmse
means of the double throttle valve 15. The cylinGer
stops in the safe and firmly controlled positiohere
being no risk of position loss due to the unlockiradve
13 [2, 3, 8]. This also ensures that the cylindelocked
in the event of an electrical failure. The circslipplying
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Fig. 4. Pressure-flow rate characteristic of the instialtat

In Fig. 4, the flow rate-pressure characteristichaf
pump with pressure regulator and adjusting predise
tribution are shown.

According to the characteristics in the Figs. 3 4nd
may be considered that the dependency of useful flo
rate on pressure has the expression:

the C, andC; cylinders is separated from the rest of the

circuit by means of the check valve 27 and cont#ies
accumulator 25 and safety block 25. The accumutzsr
the useful volumé/, and is charged with nitrogen at the

1)

where:Q, — pump flow rate [I/min];Qpmax— Maximum

Qp = Qpmax — @ p-

pressurep,. The accumulator enables actuating of thePump flow rate [I/min];p — working pressure [barh —

clamps by means of the cylinders 16 and the cyfsdé
jaws 17 in the absence of an command at the doreati
valves 22 and 23 [11, 12, 13]. In this case, blgekaand
tightening are confirmed by the pressure relayarid20
respectively. If the electromagnef % contrloled, the
unlocking of the clamps is performed. This unlogkia
confirmed by the pressure relay 19. If it is desite
loosen the jaws, the electromagn&i$ controlled. The
loosening is confirmed by the pressure relay 2le Th
pressure relays 18, 19, 20 and 21 are set to twsyre

linearized ratio of flow rate losses proportionalpres-
sure [I/min/bar].

For the chosen pump, according to its charactetiisti

resultsa = 0.025. Adjustment pressures obtained from
the static calculation arepy, = 35 bar,p; = 55 bar,
p. = 60 bar,ps = 25 bar,p, = 40 bar,ps = 20 bar The
accumulator chosen has the useful volipe 2.5 1. The
equipment selected is DN10 [8]. According to relati
(1), the minimum flow rate available at the lowees
sure of 55 bar is ~ 30 I/min.

ps. The oil temperature is monitored by means of the

electronic temperature transmitter 26. For filtgrithe
oil, the return filter 28 is provided.

3. MODELING AND SIMULATION OF THE
OPERATION OF BASIC ELEMENTSIN THE
HYDRAULIC INSTALLATION

The basic characteristics of the pump, cylindeand

3.2. Cylinder intended for the supply of semi-finished

products

After calculating the system in static mode anchwit
out taking into account the losses [2] the speedsd
working pressurep in Table 1 are obtained for climbing
and lowering of cylinde€;.

To determine the behavior of the system in thntift
lowering and stop phases, in the dynamic regimeailsim

accumulator used are presented below. These résultagions were made in AUTOMATION STUDIO [9 and

from the processing of catalog information or froai-
culations and simulations of their operation intistar
dynamic mode.

10]. Figure 5 shows some of the results.
Table 1
Working parameters of cylinder C1

C: v p Throttlevalve
3.1. Pump with pressure regulator [emi/s] [bar] B-T 45%, A-T
Pump with pressure regulator chosen has the charadJp To 6.6 22.5 20%
teristic pressure-flow rate presented in Fig. 33[2, Down To 8.8 17
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Fig. 5. Simulation resultsa - lifting, throttle valve B—T open
50%;b - lifting, throttle valve BT open 209%;- lifting,
throttle valve B—T open 7%} - failure, STOP on double un-
blocking check valve (13 in Fig. 29;— lowering, throttle valve
A-T open 10%.

From the characteristics presented in Fig. 5 we can
observe the following:

< influence of the opening of the throttle valvesthe
ascending and descending phases, Fig. 5;

« an opening of over 280% of the throttle valves has
very little influence on the speeds;

e in dynamic mode, the system behaves like a super-
damped one.

« the choice of a pump with a pressure regulator is
justified given that if the pump was with constant
flow rate, the consumed power would have been ~ 3
kW. The presence of the regulator causehlow
rate to zero [8] when the pressure reaches pl.Unde
these conditions, the power consumption is alsg ver
low, eliminating the risk of heating the system and
the need for a heat exchanger (cooler).

e if the voltage falls accidentally, valve 13 (Fig) 2
locks and secures the blank.

3.3. Calculation of the accumulator that can cover the
losses from rotary couplings
Due to their construction, the rotary connectorscfu
tion with flow losses. To calculate the value oégh
losses, one can use the relationship:

wD-Ap-J3
96-Lu

AQ = , 2)
where:AQ — flow rate loss through the rotating connec-
tion; D — diameter of the plunger of the connectiap;—
pressure drop on the connectiah;— functional play
between the shaft and the bore of the connection;
piston length\M — dynamic viscosity of the oil used.

According to relation (2), it can be considered tha
loss of flow depends on a const&hhaving the expres-
sion below and the pressure ditypas follows:

AQ =K - Ap, €)
_ D3
T 9eLy’ (4)

The constanK can also be determined experimental-
ly by measuring the lost flow at maximum speed.

The flow losses are compensated in the case of the
scheme of Fig. 2 by the accumulator 24. It hasugeful
volumeV, and is loaded with nitrogen at the presque
It works in the pressure rangpstp.]- In this case, the
volume it can provide to compensate for losse&3$: [

P1— P4
AV =p, -V, — (5)

In this case, taking in consideration that the maeh
has two rotating connections, it can be assumetthiea
time intervalAt in which the battery can cover the losses
after stopping the machine according to the abel&- r
tions is:

Vv, —P17Ps 6
0 K'p1pa(P1+D4) ( )

At =pg -
The above relationss were obtained considering that
the transformations suffered by the nitrogen in ibiag-
tery during operation are isothermal [2, 12, 13].
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Fig. 6. Hydraulic installation of the machine toal= front
view; b — rear view.

For the real data, we obtain with relation (&)~ 100
min.

On the occasion of testing the hydraulic instadiafit
was found that in reality the time is longer thavot
hours. The time is sufficient for the controlledegese of
the blank.

4. PRESENTATION OF THE HYDRAULIC
INSTALLATION

The entire hydraulic installation was achievedha t
form of a unit shown in Fig. 6.

In Fig. 6, the notations in Fig. 2 were retainedribg
the operation of the hydraulic installation, theasigred
noise level was #¥8 dB and the working temperature
stabilized at 32C, in conditions in which the tempera-
ture of the environment was 21

The retrofitted lathe for re-profiling railway whset
at the beneficiery is shown in Fig. 7.

5. CONCLUSIONS

Machine tools intended for the processing of
wheelsets are part of the heavy-duty lathes. In ¢hise,
refabrixation of machines even older than 20 yesars
cost-effective and is a technical and economichltism
for many users of such machines. Refabricationoised
so that machines with convetional control and ceys-
tems are transformed into CNC machine tools. At
refabrication it is recommended to redesign thecifipe
hydraulic systems so that they meet the requiresnent
the CNC machines. Locks and unlocks must be done
hydraulically and be electrically confirmed. Thermip-
ing of the semifinished parts in the opposite chagk-
tems is also done hydraulically, with electricahfioma-
tion and ensuring for possible electric and / odriaylic
failure. In this case, the use of pneumo-hydraaticu-
mulators becomes mandatory. Semi-finished (wheg)lset
feed systems, taking into account their weight| ali$o
be hydraulically driven and will have firm lockingle-
ments.

The static calculation of hydraulic systems in this
case is also recommended to be supported by tleir d
namic modeling and simulation. For these simulajon
is recommended to develop mathematical models and /
or use specialized programs.

The hydraulic installation that is the subject bist
work has been completed and tested for a machile to
that is currently working at full capacity.

Different types of modeling and simulation wereoals
considered for the entire structure of the macl{see
[18]) in the context of refabrication.

Fig. 7. Retrofitted lathe for re-profiling railway wheelset
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