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Statistical dependences of influence of ultrasonic exposure time
on the strength and other parameters of a polypropylene welded joint
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Abstract: Polypropylene is one of the most popular thermoplastic materials used in industry. To produce goods from

this material, the ultrasonic welding method is often used. However, despite a large number of scientific papers, the influ-
ence of some parameters of the ultrasonic welding mode on the strength characteristics of polypropylene joints remains
unstudied. The paper presents the results of experimental studies of contact spot ultrasonic welding of plates 3 mm thick
made of 01003-26 grade polypropylene. The authors considered the process of gradual penetration of the ultrasonic tool
working face into polypropylene to a depth equal to the total thickness of the welded plates. Statistical dependences of
the depth of the tool face penetration into the material and the force of material separation on the ultrasound exposure time
are obtained. The influence of the depth of the ultrasonic tool working face penetration on the tearing force of welded
specimens is determined. A significant increase in the tearing force from 150 to 400 N was found at the tool penetration
depth of more than 3.5 mm due to an increase in the nominal area of mutual mixing of the material between the welded
plates caused by the flow of molten material into the gap. The authors proposed a hypothesis about the flow of the molten
material in the direction opposite to the direction of penetration of the working tool by forming traveling Rayleigh waves.
However, its confirmation requires additional studies of the influence of the ultrasonic welding mode parameters and

the size of the gap between the parts to be joined on the rate of the molten material flow into the gap.
Keywords: ultrasonic welding of plastics; polypropylene; welded joint strength; welding tool working part; ultrasonic

welding time; depth of penetration of an ultrasonic tool face.
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INTRODUCTION

Today, various polymeric materials begin actively
to displace metals due to some of their technical and eco-
nomic indicators. First of all, this refers to significant corro-
sion resistance, high mechanical properties at a relatively
low density and lower cost than that of metals and alloys [1;
2]. According to the scale of production, among thermo-
plastic polymeric materials, which are characterized by
the ability to pass when heated to a viscous and then liquid
state, polyolefins occupy the leading place. This group in-
cludes low-density and high-density polyethylene, polypro-
pylene, etc. In terms of the production growth rates, these
materials surpass all other polymeric materials, and at pre-
sent, polyethylene ranks first in world production, and poly-
propylene is the fourth [3]. The mass use of polyolefins for
manufacturing various products involves the improvement
of technological processes for their joining. Ultrasonic
welding of polymeric materials remains one of the most
popular methods for joining parts when assembling pro-
ducts and building structures [4; 5].

However, due to the complexity of ultrasonic equipment
and ignorance of the influence of various welding mode pa-
rameters and additional factors (welding time, welding force,
substrate material, soaking time, energy concentrator shape,
etc.) on the strength characteristics of a resulting joint, manu-
facturers of plastic goods made of polypropylene and poly-
ethylene encounter the problems of determining the ultraso-
nic welding optimal modes, which would provide the re-
quired strength indicators of a finished product.

The studies presented in [6] are aimed at searching
for optimal modes of ultrasonic welding of polypropylene.
The authors emphasize the influence of variable welding
parameters, namely, welding time, soaking time, and vibra-
tion amplitude, on the strength characteristics of H110MA
grade polypropylene specimens. Based on the results of
the experiments, the optimal values of technological varia-
bles were determined to ensure maximum tearing strength:
the welding time — 1200 ms, the soaking time — 900 ms,
and the vibration amplitude — 75 %.

In [7], the optimal modes for ultrasonic welding of
polypropylene filled with 10 % glass fiber were found.
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The results of the experiments showed that the maximum
breaking force of about 2.3 kN is achieved with a welding
force of 1.5 bar, a vibration amplitude of 32 microns, and
a welding time 0f 0.4 s.

The authors of [8] investigate the influence of the am-
plitude and welding time on the strength characteristics
of polypropylene, arguing that they are the most important
parameters of the weld joint strength. Ultrasonic welding
of the specimens was performed using a pyramidal energy
concentrator, which made it possible to ensure the welded
joint shear strength equal to 22.36 MPa (319 % of the initial
strength).

The authors of [9] state that it is the shape of the en-
ergy concentrator that has the greatest effect on the strength
of the joint, and the pyramidal energy concentrator al-
lows obtaining the most durable joint made of pure poly-
propylene.

In the work [10], the authors state that the main factors
affecting the strength of a welded joint made of polypropyl-
ene are the welding time and the welding force. According
to the results of the experiments, it was found that the welding
time of less than 2 s and the welding force of less than 2 N
do not provide a monolithic joint, and the welding time of
8 s and the welding force of 8 N lead to the formation
of pores and defects in the weld. The optimal modes
for ultrasonic welding of polypropylene specimens with
a thickness of 4 mm are: the welding time is 4-6s,
the welding force is 5—7 N.

The authors [11] believe that the level of deterioration
in the mechanical and thermal properties of polypropylene
goods after ultrasonic welding depends on the change in
the crystalline structure, glass transition temperature, and
the weight loss, since polypropylene undergoes crystal
reorientations during melting. As a result, a phase is
formed that has an intermediate crystalline order and dif-
fers from the normal phase. After welding polypropylene,
the glass transition temperatures tend to change from 5 to
10 K/min.

Studies allowing a more detailed understanding of the de-
gree of impact of ultrasonic vibrations on the polypropylene
structure are presented in [12]. The authors identified that
after ultrasonic welding, the strength of welded joints after
300-600 h of aging reaches 90—100 % of the base material
strength. However, significant strength instability is ob-
served, which can be traced even on one product, when
the strength of various sections of a weld ranges from 50
to 100 % of the base material strength. It is explained by
complex wave processes during the ultrasound propagation
in welded plastic parts, which leads to an uneven change
in the structure of the weld material [13].

A more detailed analysis of the effect of ultrasonic vi-
brations on the formation of a polypropylene welded joint
using modern techniques, such as differential scanning
calorimetry, thermogravimetric analysis, Fourier trans-
form infrared spectroscopy, and scanning electron micro-
scopy, was carried out in [14]. The analysis of the degree
of stretching of samples after ultrasonic welding allowed
concluding that an increase in the main parameters of
the process (pressure, time, and vibration amplitude)
leads to an increase in the strength of the weld, to the con-
trary, a decrease in plasticity was noted. Using scanning
electron microscopy, the authors revealed the formation

of voids, which is closely correlated with the amplitude
of vibrations.

The works [15-17] present evidence that the strength
of a welded joint during ultrasonic welding directly de-
pends on the amount of melt located between the contact
surfaces. In this case, the amount of melt is determined by
a whole complex of ultrasonic welding modes and depends
on the amplitude and frequency of vibrations, welding
force, the depth of the coupler end face penetration into
the material, the time of exposure to ultrasound, and other
parameters [18].

Based on the analysis of scientific publications, it can
be concluded that the influence of welding time, vibration
amplitude, welding force, energy concentrator geometry
on the strength characteristics of polypropylene samples
and the structure of the resulting weld is well studied in
the literature. All these factors directly determine the
amount of melt formed between the parts during the weld-
ing process. However, the amount of melt in the gap is also
influenced by the working tool end face penetration depth,
which directly depends on the time of exposure to ultra-
sound. This issue has not been addressed in the scientific
literature.

The study aims at the improvement of the strength
of polypropylene welded joints obtained in the process
of ultrasonic welding by adjusting the time of exposure to
ultrasound on the welding zone and the depth of penetration
of the welding coupler end face into polypropylene.

METHODS

Ultrasonic welding of samples was carried out using
a technological complex for ultrasonic welding of plastics
consisting of a welding device and an UZG-2M ultrasonic
generator. The device for ultrasonic welding consists of
an ultrasonic vibrating system (USVS) placed inside a me-
tal case. The ultrasonic vibrating system contains a magne-
tostriction converter of electrical energy into the energy
of mechanical extension vibrations and an ultrasonic cou-
pler rigidly connected to the end face of the converter.
The ultrasonic coupler working part has the form of a cy-
lindrical rod with a flat end 5 mm in diameter.

The ultrasonic welding technological complex was in-
stalled on an FHV-50PD universal milling machine using
specially designed equipment. The equipment includes:

— a device for orienting and fixing sample plates during
ultrasonic welding, made in the form of a prism with
a square base, on the upper end of which there are two mu-
tually perpendicular slots-lodgments for sample plates;

—a unit for fastening the USW device to the quill of
the machine is a bracket with two terminal clamps for
clamping the quill and USW device, respectively;

—a device for creating a constant static pressure of
the ultrasonic coupler working end face on the welding zone
includes a calibrated load mounted to the steering wheel
of the lever-rack mechanism of the machine spindle head;

— a device for measuring the pressing force of the ultra-
sonic coupler working end face to the contact surface of
the sample plates consists of a 7039-2023 spring according
to the TOCT 13165-1967 standard and a rectangular prism
with a blind cylindrical hole located in the center of one
of its faces.
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During calibration, the spring was installed in the prism
hole until it stops. The result of the calibration is a straight
line equation

AF)=b-F, (1)
where A(F) — is the dependence of deformation on the force
of compression of the spring;

b — is the proportionality coefficient, 5=0.122 mm/N;
F —is the spring compression force, N.

Rectangular plates cut from 01003-26 sheet polypropy-
lene 3 mm thick according to the TOCT 26996-1986 stan-
dard were used as samples (Fig. 1).

Contact spot ultrasonic overlap welding of samples was
carried out according to the scheme shown in Fig. 2.

The welding cycle consisted of sequential execution of
the following actions:

—applying a constant static pressure P, equal to
1.32+0.10 MPa, which corresponds to a spring compression
force F equal to 262 N;

— exposure for 3 s for pre-compression of sample plates
under pressure Pg;

— turning on the ultrasonic vibrations (without relieving
pressure);

— switching off the ultrasonic vibrations after a time
t=1.2...3.6s;

— exposure of the welded joint sample under a pressure
Py, for 3 s;

— removal of static pressure P,;.

The static pressure Py is applied before the ultrasonic
vibrations are turned on (the pre-compression time #, is 3 s),
it is considered constant throughout the entire welding
cycle and is removed with a delay of #5. The delay time is
3 s. The time of exposure to ultrasound # varies from 1.2
to 3.6 s.
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Before the first cycle and every 15 USW cycles,
the spring compression deformation was measured and,
using the equation (1), the pressing force value was calcu-
lated, which was controlled within the specified limits
of 262 N.

Sample plates having glossy (with low roughness) flat
surfaces on both sides (Fig. 1) were installed in the corre-
sponding lodgments (Fig. 3), evenly fixed and pressed to-
gether with screws.

The USW mode: generator output power is 330£10 W,
amplitude and frequency of vibrations are 67+3 um and
21915+5 Hz, respectively; the force of pressing the welding
tool (WT) working end face to the samples was applied
in the direction perpendicular to their joint plane and was
maintained within the range of 26+2 N using a calibrated
load mounted to the steering wheel of the lever-rack mecha-
nism of the machine spindle head. After each completed
cycle, the WT surface temperature was controlled by
immersing it for two minutes in a container with cold
water, then blown with compressed air at a temperature
of 2242 °C and wiped with a napkin. The time of ultra-
sound exposure to the welding zone was set according to
the generator timer in the range of 1.2...3.6 s with a step
of 0.2s. At each time value, five experiments were per-
formed (five welded joint samples were created). The joint
samples were marked with Arabic numerals as they were
created (Fig. 3) and prepared for measuring the depth of
coupler working end face penetration into polypropylene.

The depth of ultrasonic coupler penetration into the ma-
terial was measured using a stand equipped with measuring
heads of the C-IV T'OCT 10197-1970 type according to
the scheme (Fig. 4). The welded joint thickness H was
measured with an ABSOLUTE Digimatic 547-401 thick-
ness gauge having a measurement range from 0 to 12 mm,
a resolution of 1 um, and a precision of £3 pm.

Fig. 1. A sample plate
Puc. 1. Obpazey-nracmuna
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Fig. 2. “Static pressure — ultrasound” USW working cycle:
Py, — static pressure; USV — the ultrasonic vibrations, t,— the time of preliminary pressing of samples;,
t; — the ultrasonic vibration exposure time, t;— the static pressure-off delay time; t,,— the welding time
Puc. 2. Pabouuii yuxn Y3C «cmamuueckoe dasnienue — yiompazeyky.
Py, — cmamuueckoe dasnenue; USV — yrvmpaseykoevle konebanus; t, — 6pems npedeapumenpHo20 Cocamus 00pasyos;
t; — epems o30eticmeus Y3K; t;— epems 3a0epacKu CHAMUSL CMamu4ecKo2o 0asieHus, t,,— 6pemst CeapKu

Fig. 3. The creation of a sample of a polypropylene welded joint on a milling machine:
1 and 2 — the upper and lower plates-samples respectively; 3 — the heat insulating substrate;
4 — the welding tool; 5 — the overlap of a pressed-out melt;
6 — the lodgments’ prism; 7 — screws and washers for sample fixation; 8 — the machine-tool clamps
Puc. 3. Cosoanue obpasya ceapnozo coeounenus NOTUNPONUIEHA HA (pe3epHoM cmanKe:
1 u 2 — 6epxnuti u HUMXCHUTI 0OPA3YLI-NAACTNUHBL COOMEEMCMBEHHO, 3 — MEPMOUZ0IAYUOHHAA NOOKNAOKA,;
4 — ceapounblil uncmpymenm,; 5 — HaNIbl8 8blOAGIEHHO20 PACNIABA,
6 — npusma 10cemenmos; 7 — UHmMbL U watiovl 0 Kpenienus oopasyos, 8 — mucku cmanoyhvle
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Fig. 4. The scheme for measuring the thickness of the “bottom” using a C-1V type stand.:
1 and 2 — the upper and lower welded joint plates respectively,; 3 — the metal plane-parallel plate;
4 — ICh-10 type detecting head rigidly fixed on the C-1V type stand; 5 — a hole in the plate;
6 — a welded joint; 7 — the support table of the C-1V type stand;
H — total thickness of the plates in a welded joint; h — the depth of WT working face penetration; c — the “bottom” thickness;
A — measurement location; B — the location of “zero” setting
Puc. 4. Cxema uzmepenuss moawunvl «OHa» npu nomowu cmotiku muna C-1V:
1 u 2 — 6epxusisi u HUIICHSIS NIACMUHbL CEAPHO20 COCOUHEHUSI COOMBEMCMBEHHO,
3 —memannuyeckas niOCKONApaIeNbHas NIACMUHA;
4 — unouxamopnas 2onosxka muna M4-10, scecmro 3axkpennennasn na cmotike muna C-1V; 5 — omeepcmue 6 niacmune;
6 — ceapnoil wios; 7 — onopHuiti cmoaux cmouiku muna C-1V; H — 0bwas moawyuna niacmuH 6 C6apHoM cOeOUHeHUU,
h — enybuna enedpenus pabouezo mopya CHU; c — monwuna «onay; A — nonogicenue usmepenust;, B — nonooicenue ycmanosxu «nynsay

The depth of coupler penetration into the material was
determined by the formula (Fig. 4)

h=H-c,

where 4 — is the depth of WT working end face penetration
into polypropylene, mm,;

H — is the total thickness of the plates included in a welded
joint, mm;

¢ — is the “bottom” thickness, mm.

The welded specimens were tested for tensile strength
in accordance with the TOCT P 55142-2012 standard after
their holding for 24 h to complete the material polymeriza-
tion process. The tests were performed on an Instron (USA)
5966 model tensile-testing machine equipped with a force
sensor with a measurement range of 10 kN and a measure-
ment tolerance of +0.5 %. The testing was carried out
in the following sequence:

— the tested samples were conditioned for at least
4 h according to the TTOCT 12423-2013 standard at
a temperature of (23+2) °C and relative humidity
(50£5) %;

— a welded joint sample was fixed in the device (Fig. 5)
and installed in the testing machine so that the upper and
lower clamping plates were pressed by the jaws of the ma-
chine corresponding clamps;

— the sample was loaded with a tensile force in the di-
rection perpendicular to the joint plane of the welded joint
plates, at a speed of 1 mm/min until the plates were com-
pletely separated from each other;

the maximum force applied to destruct the welded joint
sample was recorded;

—the type of destruction was determined according to
the TOCT P 58121.3-2018 standard.

Statistical processing of the measurement results was
performed according to the TOCT 14359-1969 standard

using the STATISTICA software. The MATHCAD soft-
ware was used to approximate the experimental results and
obtain analytical dependencies.

RESULTS

Fig. 6 presents the results of experimental studies of
the dependence of the depth of ultrasonic tool end face pe-
netration and the material tearing force on the time of expo-
sure to ultrasound. As follows from the figure, the depth
of tool end face penetration is proportional to the time of
ultrasound exposure to the welded materials and is deter-
mined mainly by the time of melting the material and its
displacement under the action of the feed force of the ultra-
sonic tool. The dependence of the tearing force of the mate-
rial on the time of exposure to ultrasound has a different
nature and is not linear.

Fig. 7 presents a graph constructed according to the ex-
perimental values in the “tearing force” — “tool penetration
depth” coordinates. As follows from the analysis of the graph,
when the tool penetration depth changes to 3.5 mm,
the material tearing force changes rather smoothly from 50
to 150 N. With a tool penetration depth of more than
3.5 mm, a significant increase in the tearing force from 150
to 400 N is observed.

During the tests, the authors noted that the deformation
in the direction of application of tensile forces increases
to the yield point, then almost immediately the destruction
of the welded joint occurs. Fig. 8 shows the appearance
and the state of the welded joint samples during loading
by the tensile force at the moments of its maximum and
minimum values. From the figure, it can be observed that
at the moment of applying the maximum force, the plates
were strongly bent (Fig. 8 a).

The weld is deformed, and with the formation of
the neck, the joint is destroyed. The type of fracture is
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Fig. 5. A device for fixing a welded joint sample on a tensile testing machine:
1 and 2 — the upper and lower welded joint plates respectively;
3 and 4 — the upper and lower bearing metal plates; 5 and 6 — the upper and lower locking plates;
7 and 8 — the support pins; 9 — the adjusting screw, 10 — the anchor nuts
Puc. 5. IIpucnocobnenue 0s KpenieHus o0pasya c8apHo20 cOCOUHEHUs: Ha PA3PLIGHYIO MAUUHY:
1 u 2 — 6epxHsisi U HUIICHSISL NIACMUHBL C8APHO2O COCOUHEHUSI COOMBEMCMBEHHO,
3 u 4 — 8epxHssL U HUIICHSS ONOPHBLE MEMALIUYECKUE NAACMUNDL,
5 u 6 — 8epXHASL U HUIICHAS 3AACUMHBLE NAACMUHDL,
7 u 8 — onopuvie nanvyvi; 9 — pecynuposounsiii gunm, 10 — KpenesjicHvie 2auku
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Fig. 6. Experimental values and approximating them graphical dependences
of the depth of tool face penetration into the material (a)
and the force of material separation (b) on the ultrasound exposure time
Puc. 6. Dxcnepumenmanvhvle 3HAYEHUs U ANMPOKCUMUPYIOUUE UX PAPUHECKUE 3a8UCUMOCTUL
2YOUHbL BHEOPEHUs MOPYA UHCIPYMEHMA 8 Mamepuai (a)
u ycunus ompuiea mamepuana (b) om epemenu 6030eiicmeust yiompaseyKka
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Fig. 7. Experimental values and approximating them graphical dependence
of the force of material separation on the depth of tool face penetration into the material during ultrasonic welding
Puc. 7. Dxcnepumenmanbhule 3HAUEHUA U ANNPOKCUMUPYIOWAS UX 2PAPUYECKASL 3A8UCUMOCTIL
VCUnUA OMpyl8a Mamepuaida om 2iyouHsl BHeOPEHUs MOPYA UHCIMPYMEHMA 6 MAMeEPUAn npu YIbmpaseyKosoll ceapke

Fig. 8. The state of the sample during testing:
a — at the moment of maximum force tearing the welded joint plates from each other; b — at the moment of tearing off.
In the figure: 1 and 2 — the upper and lower welded joint plates respectively, 3 and 4 — the upper and lower bearing metal plates;
5 and 6 — the upper and lower locking plates; 7 and 8 — the support pins
Puc. 8. Cocmosnue obpaszya npu ucnvimanuu:
a — 8 MOMEHN MAKCUMATLHOL CUTIbl, OMPbLEAIOWell NIACMUHbL C6APHO20 COeOUuHeHUs: Opye om opyea; b — e momenm ompoisa.
Ha pucynke: 1 u 2 — 6epxusis u HUIICHSIS NIACMUHBL C8APHO20 COCOUHEHUSI COOMBEMCMBEHHO,
3 u 4 — eepxHsA U HUIICHSISL ONOPHBLE MEMANIUYECKUE NAACMUNbL, 5 U 6 — 8EDXHIS U HUICHSISL 3AHCUMHbIE NAACIUHbBL, 7 U 8 — ONOpHble natbybl

plastic over the entire separation surface. After separation,
the tensile force disappears, the bending deformations are re-
moved, and the plates return to their initial position (Fig. 8 b).
The three-dimensional surface, along which the destruc-
tion of the welded joint occurs as a result of the separation
of the plates from each other, visually represents a group
of many pimples and dimples of arbitrary shape and size.
Fig. 9 shows the appearance of the welded joint fracture
surfaces for samples when the tool face penetration depth
does not exceed the plate thickness (Fig. 9 a) and when it
exceeds (Fig. 9 b). In the first case, the tool end face pene-
tration depth is 2.64 mm, the tearing force was 146.80 N,

and the fracture surface is limited by a circle with a diame-
ter almost equal to the WT end face diameter. In the second
case, the tool end face penetration depth was 3.93 mm,
the tearing force was 233.68 N, and the fracture surface
diameter was much larger. Fig. 9 b shows traces of the melt
flow even beyond the plate.

DISCUSSION

The analysis of the results states that with an increase
in the exposure time, an increase in the tearing force oc-
curs which is caused by an increase in the nominal area
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Fig. 9. Typical view of the welded joint fracture surface after separation of the plates from each other:
a — welded joint sample No. 6.2 (t;=2.2 s; h=2.64 mm; F=146.80 N);
b — welded joint sample No. 9.5 (t;=2.8 s; h=3.93 mm; F=233.68 N).
In the figure: 1 and 2 — the upper and lower welded joint plates respectively,
3 — the surface of a through hole formed as a result of WT face penetration to a depth of 3.93 mm;
4 — joint fracture surfaces; 5 — a dimple in the form of a recess hole
Puc. 9. XapaxmepHoiil 6U0 N0BEPXHOCMU PA3PLIEA CEAPHOLO COCOUHEHUsI NOCIe OMPbLEA NAACMUN Opy2 Om Opyaa:
a — obpasey ceaprozo coedunenua Ne 6.2 (t;=2,2 c¢; h=2,64 mm; F=146,80 H),
b — obpaszey ceapnoeo coeounenusa Ne 9.5 (t;=2,8 ¢; h=3,93 mm; F=233,68 H).
Ha pucynke: 1 u 2 — 6epxusis u HUICHASA NIACMUHBL CBAPHO20 COCOUHEHUSI COOMBEMCMBEHHO,
3 — nosepxnocms ck803H020 omeepcmust, 06pazosasuiecocs 6 pesyivmame enedperus mopya CU na enybuny 3,93 mm;
4 — nosepxHocmu paspwiéa coeOuHenus,; 5 — yenyonenue 8 suoe 2iyxo20 omeepcmust

of material intermixing. This increase in the strength of
welded joints was noted in many works [15—17], however,
in them, an increase in the amount of melt occurs due to
the application of energy concentrators of various shapes
and sizes, which increase the roughness of the surfaces
to be joined [18; 19].

In our case, ultrasonic welding of polypropylene plates
with a flat glossy contact surface having a low roughness
was performed. Taking into account that the thickness
of the welded samples was 3 mm, and the tool penetration
depth was more than 5 mm, i.e., above the interface be-
tween the samples, the increase in the intermixing area,
and, accordingly, in the tearing force, can only be associat-
ed with the flow of molten material into the gap between
the contact surfaces of the specimens to be joined during
welding.

Although polypropylene is a polycrystalline material,
it is very soft and capable of forming a mechanical surface
joint even at poor melting [20]. This provides good adhe-
sion of the molten material in the gap between the surfaces
of the plates, and, consequently, an increase in the tearing
force. On this basis, it would be very useful to carry out
a similar experiment using other materials, for example,
an amorphous material such as polystyrene and a harder
polycrystalline material such as polyphenylene sulfide.

Moreover, the work did not study the effect of the size
of the gap between the parts to be joined on the amount
and distribution of the material melt flowing into it, which
is of practical interest from the point of view of assembling
parts before ultrasonic welding.

The flow of molten polypropylene up the working tool
walls in the direction opposite to the direction of its pene-
tration, and the material flow into the gap between
the plates being joined, is apparently associated with a de-
crease in the friction force due to high-frequency vibrations,
which contribute to the formation of surface traveling Ray-

leigh waves. The observed phenomenon can be applied
in practice for ultrasonic welding of polypropylene products
without using the energy concentrators, which will simplify
the design of the parts to be joined, and, consequently
the methods of their production. However, this issue re-
quires a more detailed study and determination of quantita-
tive dependences of the material flow rate on the amplitude,
vibration frequency, and other ultrasound parameters.

MAIN RESULTS

1.  The dependence of the ultrasonic tool end face
penetration depth is directly proportional to the time of ex-
posure to ultrasound when welding polypropylene.

2. The dependence of the tearing force of the welded
joint of materials welded by ultrasonic with overlap on
the time of ultrasound exposure is non-linear and increases
sharply when a certain time of ultrasound exposure is
reached.

3. With an increase in the depth of the tool end face
penetration to the interface between the plates, the strength
of a welded joint gradually increases, and beyond the inter-
face, the strength growth rate increases.

4. The welded joint strength increases with an in-
crease in the amount of melt located between the contacting
surfaces of the plates.
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Annomauuﬂ: HOJ’II/IHpOHI/IHCH SABJIACTCA OOHUM M3 Hanbosee BOC’Ip66OBaHHLIX TEPMOIUIACTUIHBIX MAaTCpHUAJIOB, IPpHU-

MEHSIEMBIX B NPOMBIIUICHHOCTH. {151 N3rOTOBIICHHS M3JEJMM M3 JAHHOTO Marepuaja 3a4acTylo IPUMEHSETCsS CIoco0
yIBTPa3BYKOBOI cBapku. OfHAKO, HECMOTPS Ha OOJIBIIOE KOJIMYECTBO HAYyYHBIX PabOT, BIMSHUE HEKOTOPHIX MAapaMeTpOB
peXXruMa yNbTpa3BYKOBOW CBAPKU HA NMPOYHOCTHBIE XapaKTEPUCTUKU COEIMHEHUIN IMOJUIPONMIIEHA OCTAETCS HEU3ydeH-
HBIM. B pabote mpesicTaBiieHBl pe3yibTaThl SKCIIEPUMEHTAIBHBIX HCCICIOBAaHUNA KOHTAKTHON TOYEYHOH yIbTPa3ByKOBOH
CBapKH IUTACTHH TONIIMHON 3 MM u3 momumnponmieHa mapku 01003-26. PaccMoTper mporecc IOCTETIEHHOTO BHEIPEHUS
pabouero Topua yiapTPa3ByKOBOTO MHCTPYMEHTA B IOJHIIPONIJICH 10 ITyOWHBI, paBHOW OOIIeH TONIIMHE CBapHBAEMBIX
racTiH. [lomydeHsl CTaTHCTHYECKHE 3aBHCHUMOCTH TIYOWHBI BHEIPEHHS TOpIla MHCTPYMEHTAa B MaTepHal WU YCIUIIUS
OTpBIBAa MaTepHaia OT BPEMEHH BO3JIEHCTBHA ynbTpa3Byka. OmpesesnieHo BIAMSHUE TIIyOMHBI BHEAPEHHS pabodero Ttopra
YIIBTPa3BYKOBOI'O HHCTPYMEHTA Ha YCHJIME OTpPhIBa CBApEHHBIX 00pa31oB. OOHapyKeHO 3HAUYNTEIBHOE YBEIMYCHHUE YCHU-
mus otpeiBa ¢ 150 1o 400 H npu riryOnHe BHEpeHHsT HHCTPYMEHTA CBBIIIE 3,5 MM, 00YCIIOBJIEHHOE POCTOM HOMHHAIBHON
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IUTOLIA M B3aMMHOTO TMEPEMEIIMBaHUs MaTepuaa MEXIy CBapUBACMBIMH ILJIACTHHAMM, BBI3BAHHOTO 3aTEKAHHUEM pac-
IUIABJICHHOTO MaTepuana B 3a30p. [Ipe/siokeHa rumore3a 0 TeUSHUH PACILIABICHHOTO MaTepuaia B CTOPOHY, IPOTHBOIIO-
JIO)KHYIO HalpaBJICHUIO BHEAPEHUS pabovuero HHCTPYMEHTa, ImyTeM GOopMUPOBaHus Oerymux BoJiH Penes. OqHako ee 1mo -
TBEpXK/CHUE TPEOYET MPOBECHMUS TOTOJHUTEIbHBIX UCCIICAOBAHNI BIUSIHUS TAPAMETPOB PEXKUMa YIIbTPa3BYKOBOIl cBap-
KU ¥ BEJIMYUHBI 3330pa MEXK/Y COCTHHACMbIMU JIETAJSIMU HA CKOPOCTh 3aTEKAHMSI PACILIABICHHOTO MaTepuaia B 3a30p.

Kniouesvie cnosa: ynbTpa3ByKoBasi CBapKa IIACTMACC; TIOIUIPOIIIICH; IPOYHOCTh CBAPHOTO COSANHEHUSI;, pabodas 4acTh
CBapOYHOTO MHCTPYMEHTA; BPeMs YIIbTPa3BYKOBOW CBapKH; MIyOMHA BHEJJPCHHUS TOPIIA YIBTPA3BYKOBOI'O HHCTPYMECHTA.

Jna yumupoeanusa: Mypamikud C.B., CenuBanoB A.C., CnupunonoB H.I'., CaBuna E.b. Ctaructudyeckue 3aBUCHUMO-
CTH BIIUSTHUSI BPEMCHH BO3JICHCTBUS YIbTPa3ByKa Ha MPOYHOCTh U JPYTUC MTAPaMETPhl CBAPHOTO COCTHHEHUS MOIHUIIPOIH-
nena // Frontier Materials & Technologies. 2023. Ne 1. C. 57—67. DOI: 10.18323/2782-4039-2023-1-57-67.
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