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Abstract. In the article the review of the problem of improvement of technology of high
pressure hoses cutting on the hand cutting machines is analyzed. Different methods of cutting of
high pressure hoses into the billets are overviewed and the quality of edge cuts of hoses is analyzed.
The comparison of treatment on automatic cutting machines and on hand cutting machines is carried
out. Different experimental techniques of improvement of the quality of edges cutting of high
pressure hoses are presented. On the basis of experimental method, a new cutting technology which
consists in maximally close fixation of high pressure hoses to the cutting disc is proposed. In the
basic design of the hand cutting machine, the only supports are provided, so that the cutting of the
edge section of high pressure hoses causes the metal braid loosening. The proposed technology
excludes the scrolling and bending of high pressure hoses during cutting, so that the loosening of
metal braid is also excluded. In the paper it is shown that the scheme of distribution of cutting forces
during the cutting of high pressure hoses is presented and the mathematical model of determination
of normal and tangential cutting forces is formed. With a help of tensiometric table the values of
components of cutting forces during free and fixed cutting of high pressure hoses were defined and
their comparison was performed. As a result of the use of this technology the edges of the cut off
high pressure hoses meet the necessary requirements without using of complicated technological
Processes.

Keywords: high pressure hose, metal braid, cutting force, hand cutting machine, tensiometric
table, technological process, loosening.

Introduction

Eventually, the machines based on hydraulic drive need to be repaired or the replacement of
components of hoses of high pressure (HPH) to be done. HPH are used as flexible pipe in hydraulic
systems of machines and mechanisms for transporting of mineral and hydraulic oils, fuel oil and
water-oil emulsions and are widely used in road construction, mining, agriculture, forestry, oil and
gas industries. HPH are influenced by significant loads and by significant pressure drops, ensuring
stable operation of the equipment, so there is a need in the preparation of materials and components
of HPH in accordance with the requirements. A technologically properly manufactured HPH ensures
maximum performance of passing of the working fluid, and minimizes hydraulic losses. One of the
massive operations during the manufacturing of HPH is cutting to the appropriate length. In most
cases at small and medium enterprises the hand cutting machines are used. However, when using
these machines there is a technological problem: the cut edge faces of the HPH does not meet the
requirements for further usage [1], as loosening of metal braid does not allow to carry out the
production operations, and in some cases there is an opportunity of metal parts getting into the
hydraulic system.
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Statement of purpose and problems of research

The purpose of this work consists in improvement of the technology of cutting of high-pressure
hoses with metal braid on hand cutting machines, and in experimental determination of changes of cutting
forces under different parameters and cutting technol ogies with a help of tensiometric table.

Main material

High-pressure hoses are used in hydraulic systems of various machines and mechanisms
(construction and road machinery, forestry machinery, lifting and transporting equipment, tractor and
agricultural machinery, industrial equipment, etc.) for transporting of hydraulic and engine oils, liquid fuel
compatible oils and emulsions. As arule, HPH are not reinforced, but they are strengthened by one or more
layers of spiral/cross steel (coated by a brass) sheath in order to achieve the required reserve tensile
strength. In most cases, the hose consists of three main elements: the inner rubber layer, or camera,
reinforcing layer, or the strength frame, and the outer rubber layer, or the protective coating. The camera
ensures hose tightness and its resistance to chemical and physical action of the working environment.
Strength frame intended for the perception of mechanical strains caused by the internal or external
pressure. The outer rubber layer protects the hose from the influence of external factors (abrasion and other
mechanical stresses, weather conditions etc.) (Fig. 1) [2; 3; 4].

a b
Fig. 1. Sructure of HPH: a—with one metal braid 1SN; b —with two hoses with metal braid 2SN

At large enterprises which deal with the manufacturing of HPH (IMM Hydraulics, Hypress,
Madejski) the modern servo cutting machines with variable serving of cutting discs are widely used
(Fig. 2, @) [5; 6] that provides clean cut edge of the hose and the absence of loosening of metal braid (Fig. 3, a).

a b
Fig. 2. Machines of hoses cutting:
a —automatic cutting machine; b — hand cutting machine
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When using the hand cutting machines (Fig. 2, b) [5; 6] the cut hose edges do not meet the
requirements for further usage, as the loosening metal braid takes place (Fig. 3, b). As a result, the
subsequent HPH manufacturing operations (crimping and fitting) can't be carried out without prior
stripping of the edge, and in some cases there is an opportunity of metal parts getting into the hydraulic
system when using such hoses.

To diminate the loosening of metal braid while cutting at large enterprises the automated cutting
machines with variable serving of cutting dement and with the gradual fixation of HPH are used. In the
hand cutting machines this technology is not available, that’s why it’s an important problem to improve the
cutting technology in order to prevent the loosening of metal framework of hoses.

a b
Fig. 3. Edge face cuts of a hose: a— on automatic machine; b —on hand cutting machine

The research was carried on the basis of the enterprise “Hydrohouse” (Kyiv, Ukraing). During the
research, several technological tests of the effectiveness of elimination of metal braid loosening when
cutting of the HPH on the hand cutting machine. Hoses with one metal braid 1SN and two metals braids
2SN were cut. One of the cutting methods consists in surface winding of heat-resistant fibrous film on the
cutting place (Fig. 4, a). During the cutting, there are additional external loads Py, which partially restrain
the loosening of metal framework, but do not completely diminate it. The usage of this method is
inefficient and costly in continuous operation modes.

Another method consists in the supplying of compressed air along the whole length of HPH in order
to create additional internal forces Py (Fig. 4, b), as aresult of which the alignment of internal and external
forces, acting on the hose during the cutting, takes place. This method is not effective, because the time
spent on permanent change of hoses of different diameters and constant connection / disconnect of supply
of compressed air to the ends of the hose takes considerable time of the manufacturing process.

a b
Fig. 4. Technological methods of improving of hoses cutting:
a — surface winding by heat-resistant fibrous film; b — supply of compressed air
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One of the most optimal methods of hoses cutting is cutting with hose rigid fastening (clamping) as
closeto the cutting element (cutting disc) as possible.

In the basic configuration of hand cutting machines (the scheme is shown in Fig. 5) there are only
the abutments (bumpers) (A) that causes the scrolling and deflection of the hose when the cutting disc (C)
moves to the stopper (B).

In the work the normal and tangential cutting forces were determined during the cutting of hoses
with one (1SN) and two (2SN) metal braids. The research was performed while cutting by the “cut into”
method. Power parameters were investigated on the experimental stand. The stand was established on the
basis of hand cutting machine TAGLTF2D/E, which parameters are presented in Table 1.

Fig. 5. Basic configuration scheme of hand cutting machine

Table 1
Par ameter s of hand cutting stand TAGL TF2D/E
Article TAGLTF2D/E
2 braids 2"
4 windings 2"
6 windings 11/2"
Max @ 75 mm (2.953")
Rpm 2900
disc @, mm 250 mm (9.843")
Measurement error +2%
Standard voltage 400V 50 Hz 3Ph
Engine power, kW 3
Weight, kg 42
Dimensions (LxWxH) mm 665x700x420
Suction branch yes
Protective system yes

The suggested method of hoses cutting consists in hose rigid fastening (clamping) as close to the
cutting disc as possible (Fig. 6) and in increasing of the feed rate of the cutting disc. As a result, the
movement of the hose is completely eliminated during the cutting process on a hand machinetoal.



Experimental |mprovement of the Technology of Cutting of High-Pressure Hoses... 75

2 - e d

Fig. 6. Scheme of HPH fixing (clamping) with regard to cutting disc:
1 —cutting disc; 2 —hosefixers

In this case, there are some changes in the distribution of cutting forces. The vertical P, (N) and
horizontal P,y (N) components of cutting force may be determined with a help of the tensiometric table by
the method presented in [7].

To improve the efficiency of research the multivariate experiment planning method [8] was used.
This allows to reduce the number of carried out experiments in comparison with traditional methods of
experiments carrying out. In Fig. 7 the scheme of loads, which acts upon the hose during its cutting, is
shown. According to [9] the point of application of the resulting forces generated during the cutting is on
the line connecting the centers of the disc and cut hose,

o 0L - o
| PyV
d
NN\ _ Py
1 0,

Fig. 7. Scheme of loads generated during the hose cutting:
1 —cutting disc; 2 — high pressure hose
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The normal P, (N) and tangential P, (N) cutting forces may be determined from the following
dependencies [10]:
P, =Ry xcosa - Ry, >sina; @
Py =Ry xosa - B4 >sina,
where Pyq is horizontal component of cutting force, N; Py, is vertical component of cutting force, N; o isa
corner that determines the point of application of the resultant cutting force, °;

&dy - d 0]
a =arccos é :

do - dy 5 @
where dy is cutting disc diameter, m; d is hose outer diameter, m; dy is hose internal diameter, m.

When determining the cutting force the values P,y (N) and Py, (N) obtained experimentally for
maximum contact arc of cutting disc and cut hose were placed in dependence (1).

During the research it was assumed that the trajectory of any point located on the worked surface of
the cutting disc, is close ot the circle, asits supply rateis small in comparison with the circular one. Also, it
was considered that the destruction of the worked material is carried out only due to the action of
tangential forces P, (N), evenly distributed along the contact area and related with normal forces P, (N) by
theratio:

P, =Kt Py, (3)
where Ky is coefficient of transformation.

The work spent on the destruction of the material (rubber and metal braid) during cutting, may be
determined from the dependence [9; 10; 11]:

dA, = P,d e, (4)

or

dAy =q,dV =q, H a.P,d I k, ©)
where @, is proportionality factor (energy consumption), which is determined experimentally and is equal
to the work spent on the destruction of the unit volume of material; H is cutting disc height, m; dV -

elementary volume of material that is destroyed, m*; | is elementary platform length along the arc of
contact, m; a. is depth of cut, m;

V. -
aC:V—“c‘;jIksinao;

i (6)
a =l
0O~

Ro

where o, is central angle which characterizes the size of contact area, rad.
According to the previous equations:
Y/ I, ©
P, = Ryg,H n % COS——+, 7)
‘ Vo g Fo g
where Ryis circleradius, m; V, is supply rate, nVs; V, is circular speed, m/s.
The power of hand machine which is spent on the supply of the working body (cutting disk):
N = P\Vq; )
P, =Py + Py, (9)
where, P, and P, are, correspondingly, the sum of projections of tangential and normal forces on the axis,
which coincides with the supply direction, (N).
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The point of application of the resulting forces generated during cutting, is located on the line
connecting the centers of the disc and the hose (Fig. 7). That's why, for defining of ay it is expedient to use
the formula in accordance with [12]:

-1 0
ag = arccos(as;EPO o (120)
eRythy g
where Ry is the radius of cutting disc, m; rq is hose outer radius, m; r, is hose inner radius, m.
Taking into account (6) and (7)
v Tk _
P, =R, cosag - g, H V—” osinag cosagd | k;
p ~o (12)
— ; ¥ Vn II‘( i a2 N
Pv =R sinag - g, H == gsin“aqd l«.
Vo o
After integration and substitution in (8) and (9)
Vil 1. .1 N2
Ny =0 g Hon el Ignplk g2l (12)
27 VR 27 TR RoZ
a
N, YV ,
As one can see W« 1, becausethe value v israther small. That’s why the power consumed for
p
the supply of machine cutting disc may beignored [13].
Ultimately, the normal and tangential cutting forces are asfollows:
P, =Py Cosag + Py,
y ~'w P (13)

P, =P, cosag + P, sinag.
During research the dependences of tangential and normal forces on the supply rate of the free hose

position and fixed one were determined using the tenzometric table and the simulation process in MathCad
software. Theresults are presented as plotsin Fig. 8.

250 140

1M \

a b
Fig. 8. Plots of cutting forces determined experimentally with a help of tenzometric table:
a—free cutting; b —fixed cutting

The cut edge face of the hose meets the necessary requirements and has the form shown in Fig. 9,
without the use of complicated technological processes in comparison with the previous methods.
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Fig. 9. The edge face cuts of the high-pressure hose after fixed cutting method

Theincreasing of cutting speed and fixing of a hose improves the quality of edge face cuts of a hose
and reduces the cutting forces up to 10-20 %. On the basis of the plots analysis, it can be concluded that
the proposed method reduces the cutting forces and slightly reduces the wear of thetoal.

Conclusions

The new method of fixed cutting of high-pressure hoses on hand cutting machines is proposed. On
the basis of research, the mathematical model that describes the change of tangential and normal forces
depending on the process conditions of cutting on the hand cutting machine is formed for varying cutting
disc speed taking into account different cutting technologies (free cutting and fixed one). The plots, which
show that the usage of fixed method reduces the cutting forces are by 10-20 % in comparison with the free
cutting, are presented. Fixed cutting effectively influences the energy consumptions, as well as the
durability of the cutting tool. While using the proposed method the effect of subsidence and scrolling of
hose is excluded resulting in the absence of loosening of the hose metal braid.
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