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ABSTRACT: The paper presents the theoretical and methological computational issues and necessary steps in order to accomplish 
the design of hydrostatic equipment to replicate the electro discharge machining feed motion. Such equipment is very useful in at 
least two cases. A first case is when by electrical discharge machining in difficult angular positions, in order to avoid using special 
fixturing devices. Using such a device can result in significant costs reduction. A second case refers to the case of machining 
oversized workpieces that cannot be installed in medium or small sized usual electro discharge installations. It can be considered that 
such equipment should be considered as universal, versatile and very flexible device. The paper also presents theoretical necessary 
basics, main computational formulas and the considered assumptions. A calculation program was developed. Based on the results 
accomplished for a considered situation a fully functional testing model was build. Preliminary tests carried out on the experimental 
model revealed a good agreement between computed and measured data values. 
KEY WORDS: replicate feed motion, universal EDM equipment, hydrostatic device  

1. INTRODUCTION  
Necessity of accomplishing electrical discharge 
machining (EDM) (in different angles) for work 
pieces with various shapes and dimensions, involves 
solving difficult problems related to positioning and 
fixing considered part types.  

In order to avoid designing special fixturing devices 
of the mentioned machining cases, it can be used an 
equipment for copying and transmitting (replicate) 
of work head installation feed movement [1], [2] on 
EDM machining, It is to be mentioned that the 
equipment must be capable of transmitting the 

movement direction under different required angle. 
As results from the brief description of the 
equipment, it is composed of three distinct 
functional parts.  

A first subset component (P I) provides capturing 
the feed movements of the working head of the 
EDM installation. A second subassembly is the unit 
of motion transmitting (P II) to the execution unit  
(P III). Some examples of working parts with 
complex geometry, machining under various angles 
(a, b, c) and functional subassemblies (d) of the 
considered equipment are schematic shown in 
Figure 1. 

 
(a) – driven unit angular position 1 

 
(b) – driven unit angular position 2 
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 (c) – driven unit angular position 3 (d) – master unit 

Figure 1.  Driven unit under different angular positions and master unit scheme

As previously mentioned, the equipment can be used 
for oversized parts, when machining process is 

carried out off site (outside EDM installation 
workspace) - see Figure 2. 

  
Figure 2. Off site EDM installation equipment setup scheme

2. HYDROSTATIC CIRCUIT REFERENCE 
Considering the lower value of hydraulic pressure 
generated by the equipment, necesarry to overcome 
the gravitational forces of electrode tool, electrode 
tool holder and piston subassembly execution and 
the working fluid, is not necessary sizing 
calculations for both cylinders. The friction forces 
between the pistons and the cylinder walls, the  fluid 
and the connecting hose walls are small and 
therefore may be neglected, as direct acting forces.  

The calculation of the hydrostatic system refers to 
the study of changes in pressure, speed, flow rate of 
the transmitting fluid along the path traveled on the 
one hand, and the assessment of errors in the copy of 

the feed movement of the working head of the EDM 
installation, due to the compressibility of the fluid, 
deformations of the hose connection and possible 
leaks through the gap between the pistons and 
cylinders, on the other hand. 

3. PRESSURE AND FLOW VARIATIONS 
CALCULUS 

Firstly the nature of the fluid flow must be 
determined by calculating the Reynolds number [3], 
using the following relation: 

 e
DR υ

ν
⋅

=                                                          (1)   

where: υ  is fluid speed in the considered section 

tank
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[m/s]; D – section area [m2]; ν – the cinematic 
viscosity of the fluid  [m2/s]. It is known also that 
cinematic viscosity can be determined by relation:   

ην
ρ

=                                                                  (2)  

where: η  is the dinamic viscosity [N . m2/s] and ρ  – 
oil density [kg/m3]. For the considered HIROIL H46 

EP type (DIN 51524 Part II HLP / AFNOR NFE 48-
603 HM), knowing that η = 808.10-4 N . m2/s  and 

= 905ρ  kg/m3 results that the cinematic viscosity is  
58,928 10ν −= ⋅  m2/s, at 20o C temperature. Reynolds 

number should be calculated on the section with the 
highest fluid flow velocity – at the exit of the fluid 
from the master cylinder / section S2 as shown in 
Figure 3. 

 
Figure 3. Equipment schematic. Main components, computational sections and considered bending angles

The speed in this section (S2) is determined by 
applying the law of continuity (considering a steady 
regime), also knowing the feed velocity of the EDM 
installation working head, and equal to that of the 
master piston unit. The maximum speed rate of the 
working head is  = 0,0125υ  m/s (provided by the 
manufacturer). It can thus be written the law of 
continuity: 

1 1 2 2S  = S  = ... = constantυ υ⋅ ⋅                         (3)  

where: Si  is the considered calculus section [m2] and 
v the corresponding section fluid speed [m/s].  

According to the adopted constructive dimensions 
for the experimental model (respectively 
pison/cylinder diameters) it had been determined 

2  = 0,356υ . According to relation (1) Reynolds 
number is Re = 11.95. The value of Re <1800 (limit 
value of Re for laminar flow în flexible pipes) we 
concluded that the flow regime in considered section 

is laminar. It is further to determine the flow 
capacity of fluid in the different sections of the 
equipment according to the formula:  

i i iQ  = S υ⋅        [m3/s]                                         (4)  

Knowing considered sectional areas and computing 
(using the law of continuity) the corresponding fluid 
velocities, flow capacity values are obtained. 

To calculate the pressure in different sections 
Bernoulli's law can be applied [3]:  

2 2
1 1 2 2

1 2 r1 2
p pz z  h

2 g γ 2 g γ
υ υ

−+ + = + + +
⋅ ⋅

               (5)   

where: p1, p2 represents the corresponding static 
pressures; γ – the specific weight of the fluid; z1,2 – 
corresponding relative heights of computational 
points; hr1-2 – pressure loss per section.  

The loss of pressure (load) is manifested as energy 
dissipation, evenly distributed along the fluid 

1 – master unit (cylinder + piston); 
2 – positioning system I; 
3 – transmitting hose; 
4 – driven unit (cylinder + piston); 
5 – positioning system II; 
Si – computational section i; 
δi – bending angle i. 
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streams being known as linear loss (or distributed), 
proportional to the length of the flow path and in the 
form of local loss occurring on the short portions of 
the flow (singular) and that are due to changes in the 
flow rate size or direction, or both characteristics 
thereof. Such variations in the size and direction of 
velocity are caused by variations in section, corners, 
unions, etc. of the hydraulic circuit components. 
Based on experimental researches it was agreed that 
load losses refers to kinetic energy of the fluid in 
motion, so that the relationship of load loss 
calculation has the form presented below: 

2

r1 2h  = 
2 g
υξ− ⋅
⋅

                                                   (6) 

where: ξ  is a coefficient of resistance which 
depends on the type of load loss and is calculated 
according to the formula: 

L= 
D

ξ λ ⋅                                                             (7)  

where: λ  is the linear load loss coefficient, which in 
turn is dependent on the nature of the walls of the 
hose; L - is the length of the hose sector and D – 
inner diameter of the hose. For considered case 
(flexible pipe), the following relationship is usable: 

e

80 
R

λ =                                                             (8) 

and under the theoretical conditions (Hagen – 
Poiseuille law), Darcy-Weisbach relationship is to 
be used: 

e

64 
R

λ =                                                             (9) 

Local load losses are divided by the type of 
singularity as it follows: 
• when abrupt narrowing of the section: 

2

lh  = 0,5
2 g
υ

⋅
⋅

                                                   (10) 

• sudden widening of the section: 
2 2

av
l

am

Sh  = 1
S 2 g

υ⎛ ⎞
− ⋅⎜ ⎟ ⋅⎝ ⎠

                                      (11) 

where: Sav is the downstream area of the sector; Sam 
– the upstream sector area.  

For bend sectors, the following relation is usable: 
3,6 2

l
δ Dh  = 0,13 0,16

90 R 2 g
υ⎡ ⎤⎛ ⎞+ ⋅⎢ ⎥⎜ ⎟ ⋅⎝ ⎠⎢ ⎥⎣ ⎦

                 (12) 

where: δ  is the deviation angle of the speed 

depending on the direction of advance before the 
elbow and R - curvature radius of the elbow. 
Therefore pressure can be determined in each 
characteristic point of the hydrostatic system, finally 
resulting the change in the pressure between the 
master unit and the execution (driven) unit. 

4. FEED MOVEMENT COPYING ERRORS 
CALCULUS 

Machining errors in the feed motion direction is due 
to infidelity in advance copy movement of the 
working head by the electrode tool unit. The causes 
of these displacement differences can be explained 
by compressibility of the fluid used, deformability of 
the oil hose and loss of oil by leakage (mainly to the 
piston-cylinder assembly).  

Taking into account the errors that may occur by 
deforming connecting cylinders hose (flexible pipe), 
it can be adopted the measure of use a pressure-
resistant material which far exceed the working 
values. It is recommended to use flexible pipes made 
of plastic with plastic/metal fiber-reinforced 
(resistant up to 200 atm). 

Constructive clearance value between cylinder and 
piston it is adopted at 3 ... 5 µm. Thus a fluid film is 
created in the gap which, considering the small 
working pressures, ensures a good seal with minimal 
fluid loss. Rivets or rubber seal rings are not 
recommended in the considered system, causing 
considerable oil leakage. 

So, the only issue with noticeable effects, which can 
cause errors when copying feed movement, remains 
the working fluid compressibility. The equipment 
can be assimilated to a sealed container in which 
pressure is increased to overcome limit pressure 
value that provides the displacement of piston - 
electrode holder - electrode tool system.  

The main force that must be overcome is the weight 
of moving parts. Considering the weight of 1 daN 
(1kg mass) the increased pressure limit is Δ p = 3.54 
daN/cm2. Then Δ x feed error caused by Δp is given 
by: 

cx =  t υΔ Δ ⋅                                                     (13) 

where: tΔ  is the time it takes the pressure to 
increase [s]; cυ – the fluid velocity in the considered 
system sector [m/s]. The pressure increase time tΔ  
can be determined by the relationship: 

p V t = 
QE

Δ ⋅
Δ

⋅
                                                   (14) 

where: V is the total displaced volume [m3]; E – 
modulus of elasticity of the liquid [daN/cm2];   Q – 
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fluid flow volume [m3/s]. 

The Δx feed error thus calculated gathers the 
characteristic system error. From the technical 
manual of ELER 01 installation, specified by the 
manufacturer, repetitive positioning accuracy is                
± 0.03mm.  
It can thus be estimated that the maximum 
machining error on electrode tool feed direction is: 

X = Δ x + 0.03          [mm]                              (15) 

5. COMPUTATIONAL  FLOWCHART 
Based on the calculation relations previously 
exposed a computational logigramme flowchart has 
been developed which aims to determine the 
theoretical velocities, flow rates, linear load and 
local pressures loss for characteristic points of 
installation and setting the total pressure variation 
and value of error in feed advance of copy motion of 
the electrode tool (fig. 4). 

 

Figure 4.  Computational flowchart 
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Computing sections, deviation angles and reference 
height H=0 are in accordance to those given in 
Figure 1. The following notations have been used 
(see Table 1). 

Table 1  Considered parameters encoding 

Considered parameter 
name 

Encoding Measure unit 

linear load loss HPSLIN [kg . m2 / s2] 

local load loss HPSLOC [kg . m2 / s2] 

section diameter  D [m] 

section area A [m2] 

hose total length L [m] 

pressure P 10-5 [daN/cm2] 

flow rate Q [m3/s] 

total pressure variation VP 10-5 [daN/cm2] 

feed advance error X [m] 

The following simplifying assumptions were used: 

1. the machining process is at the same level with 
the installation work table; 

2. deviation angles remain unchanged at hose 
length variation; 

3. tool electrode cross-sectional area is considered 
100 mm2. 

The calculation algorithm  as flow chart is presented 
in Figure 4. The calculations were performed 
varying the feed rate (value depending on the 
operating regime and electrode tool section) and the 
connecting hose length 

6. CONCLUSIONS AND REMARKS 
Based on the results obtained, by program runnings, 
the chart of machining error variation of the working 
stroke was drawn (see Figure 5).  

 
Figure 5. Movement error variation                       

(by feed rate and hose length) 

Determination for VP pressure variation was carried 
out in order to check the existence of pressure at the 
piston in driven unit, allowing its movement. 

In order to minimise The errors that can occur, if 
necessary, two possible solutions can be adopted: 

• minimizing the length of the hydraulic circuit, by 
using the shortest hose length in the specific case; 
• reducing the work head feed rate (copied 
movement velocity) by reducing EDM installation 
hydraulic servovalve sensivity. Of course, this action 
can result in a productivity decrease. 
Figure 6 presents the fully functional testing model, 
designed by using the presented methodology.  

 

Figure 6.  Fully functional experimental testing model 

Preliminary tests carried out using the test model 
revealed a good accordance between computed and 
measured values. 
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