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Summary. High-strength steels are widely used in the defense and civil industries. During operation,
high-strength and armored steels are subjected to extreme static and dynamic loads. Material specimens or full-
scale structures testing at such loads is a very complex and expensive process. Therefore, numerical calculation
methods are commonly used to assess their strength. To determine the parameters of these models as an express
method, it is reasonable to use tests that are similar in nature of the loading, deformation, and failure to full-scale
or standard ones, but which are cheaper and easier to perform in the laboratory conditions. One of the key
properties of high-strength steels is their resistance to penetration by various types of armor-piercing strikers. To
simplify the testing procedure and minimize materials consumption, static and dynamic punching methods have
been developed. A set of experimental and numerical investigations on the deformation of various specimens from
high-strength steels has been made under static and dynamic load conditions, in particular, plate specimens
punching (punches of different shapes) by the G. S. Pisarenko Institute for Problems of Strength of the NAS of
Ukraine. This paper presents the experimental procedure and equipment for the investigation of the materials’
behavior under static punching. High-strength steel plate specimens have been tested on an upgraded
servohydraulic machine Instron 8802 using three types of punches: flat, spherical, and conical. It is established
that the diagram describing the spherical punching is the most informative, while the diagram showing the conical
punching is less informative. The nature of the specimen fracture is consistent with the results of field tests in the
barrier penetration by armor-piercing strikers. The obtained results are in good agreement with the known
literature data and can be used to validate the results obtained by numerical simulations.

Key words: high-strength steel, static punching, plate specimen, punching diagram, flat punch, spherical
punch, conical punch.
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Introduction. High-strength and armored steels have become popular in both the
defense and civil industries. They are used in the manufacture of load-bearing and protective
structures of various combat vehicles, as well as in the protective elements of civilian vehicles,
structures, etc. During operation, high-strength and armored steels are subjected to extreme
static and dynamic loads, including high-speed shock or explosion loads, which can destroy the
material. Testing of the material specimen or full-scale structures at such loads is a very
complex and expensive process due to the complexity and cost of manufacturing and processing
of specimens, the need for high-tech experimental equipment, as well as high cost of high-
strength materials. Therefore, numerical calculation methods are widely applied [1, 2]. The
Garson-Tvergaard-Needleman model (GTN) [3-5], Johnson-Cook [6, 7], and other models are
employed. The parameters of these models are determined from experimental and numerical
investigations.

To determine the parameters of these models as an express method, it is reasonable to
use tests that are similar in nature of the loading, deformation, and failure to full-scale or
standard ones, but which are cheaper and easier to perform in the laboratory conditions. It can
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facilitate the obtaining of reliable data for numerical calculations of complex tests or determine
the strength of actual structures using numerical methods.

One of the key properties of high-strength steels is their resistance to penetration by
various types of armor-piercing strikers. The shape of the striker's head and its hardness
regarding the barrier are the main factors that affect the penetration. Static and dynamic
punching test methods with low (up to 20 m/s) and average (20—300 m/s) load speeds [8, 9] are
used to develop the calculation models of high-strength materials by minimizing materials
consumption and simplifying the test procedure.

Some experimental and calculation investigations on the deformation of the specimens
of different configurations of high-strength steels under static and dynamic loads, namely, plate
specimen punching penetration (various punches), have been performed at the G. S. Pisarenko
Institute for Problems of Strength of the NAS of Ukraine.

This paper presents the investigation results required for the development of the
experimental facilities and methods of investigation of the materials’ behavior under static
punching.

Materials, Test Methods and Equipment. In the punching of the plate specimen,
which is rigidly clamped in the special device, the process of its deformation by the punch of
the certain shape is registered in the coordinates «load applied to the punch — depth of
punching.

Figure 1 illustrates the geometry of the standard punch tips (flat, spherical, and conical)
in punching the plate specimens of high-strength steel.
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Figure 1. Standard punch tips: flat (a), spherical (b) and conical (c)

The method of plate specimens punching is similar to small punch test. Some
investigations aimed at the design of equipment to perform disc micro-specimens punching
within the macro-range of load forces [10] have been performed at the G. S. Pisarenko Institute
for Problems of Strength of the NAS of Ukraine. Also, the authors have developed and
improved new methods for determining the strength properties based on the results of such
tests.

The plate specimens have a larger thickness as compared with the disc microspecimens.
From the results of numerical simulation for the square-shaped plate specimens punching (with
a side of 50 mm and a thickness of 1 mm) it is determined that the spherical punch (~ 14 kN)
requires the largest load to fracture, whereas the conical one (~ 4 kN) requires the lowest load.

118 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (103), 2021https://doi.org/10.33108/visnyk_tntu2021.03


https://doi.org/10.33108/visnyk_tntu2021.0

Valeriy Kharchenko, Oleg Katok, Roman Kravchuk, Andriy Kravchuk, Alyona Sereda

The laboratory setup UTM-20HT [10] for testing disk microspecimens is designed with a
maximum load of 10 kN. Therefore, it is decided to use a servohydraulic machine Instron 8802,
which allows one to ensure a rigid load on the specimen. This fact is of vital importance in the
registration of the specimens’ penetration depth during nucleation and crack growth in them.
The certified digital control system, measurement of forces, deformations, and displacements
makes it possible to plan the experiment. Moreover, licensed software allows one to register
the selected experimental parameters in real-time and obtain all the required characteristics in
the electronic form, which describe the material’s behavior during deformation.

The equipment (Fig. 2 a) was designed and produced for the plate specimens’ punching.
It ensures the reliable fixing and symmetrical positioning of the specimen relative to the force
axis. Structurally, it consists of a base 1 attached to the lower grip of the machine, the lower 2
and upper 4 dies between which specimen 3 is installed, and the punch 5, which is attached to
the upper grip of the machine. In lower 2 and upper 4 dies, grooves are made symmetrically to
the force axis and perpendicular to each other for the specimen size. The depth of the grooves
is less than half of the specimen thickness, which allows one to reliably push the specimen
through the dies. This design of the device allows one to center the specimen relative to the
load axis of the test machine. The parts of the device are attached through the holes using
fasteners. The upper and lower grips of the Instron 8802 have been modernized to mount and
center the device designed to punch the plate specimens (Fig. 2 b). The registration of the load
applied to the punch, as well the punch displacement, is performed using the Instron 8802
gauges.

@ (b)

Figure 2. Equipment (a) for punching: 1 — base; 2 — upper die; 3 — specimen;
4 — lower die; 5 — punch; and machine Instron 8802 (b)

The test method for the plate specimens punching was approved using the specimens
made of a high-strength alloy steel sheet of special-purpose Armox 500T with a thickness of
3 mm. The specimens were cut out of sheet metal blanks with dimensions of 50 x 50 x 3 mm
to 1 mm in thickness by grinding with cooling on both sides (Fig. 3).
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Figure 3. The scheme of the specimen manufacturing procedure

Test Results. Figure 4a illustrates the punching diagrams. Figure 4b shows the external
view of the fractured specimens. As seen from the presented results, specimen 1 after fracture
by a conical punch is the least deformed in the load action plane, and the indentation place is
of the pierced hole form. The deformation diagram is the least pronounced due to small forces
during fracture. Specimen 2, after fracture by a hemispherical punch, is the most deformed in
the load action plane having a convex downwards dent that ends with a crack, therefore, the
diagram is more informative. Specimen 3, after fracture by a flat punch, is less deformed in the
load action plane in comparison with the spherical one and has a punched-out round hole. The
greatest load destruction was required when punching by a spherical punch, and the smallest —
with a conical one. The value of the punching depth (at the beginning of the specimen
destruction) had the smallest values via flat punching, and large ones — by a spherical punch.
The nature of the specimens’ destruction is consistent with the results of field tests in the barrier
penetration by armor-piercing strikers.

The obtained test results are in agreement with the known literature data and are
qualitatively similar to those given in [9].
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Figure 4. Punching diagrams (a) and plastic specimens with different punches (b):
1 — conical, 2 — spherical and 3 — flat
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Conclusions. The experimental methods and equipment for the investigation of the

materials’ behavior under static punching were developed. The high-strength steel plate
specimens were tested on the modernized servo-hydraulic machine Instron 8802 using different
types of punches. The obtained results are consistent with the known literature data and can be
used to validate the results obtained in numerical simulations.
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PO3POBJIEHHSI EKCIEPUMEHTAJIBHOI METOJUKHA
JOCJIIKEHHS HOBEJIHKU BUCOKOMIIIHOI CTAJII ITPU
CTATUYHOMY ITPOJABJIIOBAHHI

Baunepiii Xapuenko; Ouer Katok; Poman KpaBuyk; Anapiii KpaBuyk;
Aabona Cepena

Incmumym npobnem miynocmi imeni I'. C. Iucapenka HAH Ykpainu,
Kuis, Yxpaina

Pestome. Bucoxomiyni cmani wupoko GUKOPUCMOBYIOMbC 6 O0O0OPOHHOMY U YUBLILHOMY CEeKMOopi
npomuciosocmi. B npoyeci excniyamayii 8ucokomiyHi ma OpoHbO8ani cmani NidOAOmMbCs eKCMpPeMaibHUM
cmamuyHumM  ma  OUHAMIYHUM — HaeaumaoicenHam. Ilposedenwns eunpobysanv  3paskie mamepiany —abo
NOBHOMACWMAOHUX KOHCIMPYKYIT NPU MAKUX HABAHMANCEHHAX € OYoice CKIAOHUM ma 00P0208aAPMICHUM RPOYECOM.
Tomy Ona oyintosanus ix MiyHOCMI 8 CGIMOGIU NPAKMUYI WUPOKO BUKOPUCIOBYVIOMbC UYUCETbHI Memoou
PO3PaxyHky. [nsa 6usHaueHHs napamempie pO3PAXYHKOSUX Mooeleli 8 AKOCMI eKCnpec-memoody OOYiIbHO
BUKOPUCIOBYBAMU  BUNPOOYBAHHS, AKI 3a XAPAKMEPOM HABAHMAICEHHS, Oe@OpMY8aHHA Ma PYUHYBAHHA €
ROOIOHUMU 00 NOBHOMACUIMAOHUX YU CAHOAPMHUX, djie SKI Oeulegule Ui e2uie nPosecmu 8 1a00PaAmopHUX YMOBAX.
O0Hi€10 13 8aXNCIUBUX G1ACMUBOCMEN BUCOKOMIYHUX CMAlell € IXHs CMIUKICMb npu npOOUMmi pisHUMU MUNAMU
bponebitinux  yoapuukie. Tomy 3 Mmemow po3pOONeHHS PO3PAXYHKOBUX MOOeNet GUCOKOMIYHUX MAmepianis,
MIHIMIZYIOUU NpU YboMy 00°€M BUKOPUCIOBYBAHO20 MAMepIany OJisi GUCOMOGILEHH 3pA3Ki6 ma Cnpouwyiouu
npoyeoypy nposedeHHs 8Unpoby8aHb, 8 OCMAHHILL Yac pO38UBAIOMbCS MAKI MeMOOU, K 8UNPOOYBAHHS HA CIMamuyHe
ma Oounamiune npooaeniosants. B Incmumymi npobnem miynocmi imeni I. C. Ilucapenka HAH Yxpainu 6yno
nPoBe0eHO  KOMNIEKC —eKCHEPUMEHMANbHO-PO3PAXYHKOGUX — OOCHIONCEHb  0ehOPMYBAHHS  3DA3KIE  PI3HOT
KOH@I2ypayii 3 6UCOKOMIYHUX cmanell 8 YMO8ax K CMAMUYHO20, MAK I OUHAMIYHO20 HABAHMAJICEHb, 30KpeMd,
npoyecy npooOasiO8aAHHA NIACMUHYACMUX 3PA3KIE NYAHCOHAMU pi3HOoi Gopmu. B pamkxax oawoi pobomu
PO3DOONEHO eKCHePUMEHMANbHY MemoOuKy ma YCMAamKy8aHHsa O0iisi 00CHIONCeHHs NOGeOIHKU Mamepianié npu
cmamuynomy npooasuosanti. Ilposedeno sunpodYe8anHa NAACMUHYACMUX 3DA3KIG i3 BUCOKOMIYHOI cmani Ha
MoOepHi308aniil cepsociopasniuniu mawuni Instron 8802 i3 gukopucmanHam mpbox Munie NyancoHie: nioCcKozo,
Haniscghepuunozo ma KOHycHozo. Bcmanosneno, wo Hatlbinbu iHgopmamusHoio € diazpama npooasiioganHs
3pA3Ki6 HANIGCepUYHUM NYAHCOHOM, A HAUMeHul iHpopmamueHolo — diazpama NpoOaGIIo8AHHs KOHYCHUM
nyanconom. Ilpu ybomy xapaxmep pyiuHyeanHs 3paskie € NOOIOHUM 00 Pe3yIbmamis NONI2OHHUX 6UNPOOYEaHb Npu
npobummi nepewkoou dponediinumu yoapruxamu. Ompumani pesyromamu 006pe y32004CYI0MbCs 3 6i00MUMU
JAimepamypHumMu OaHuMU i MOHCYmMb OYMuU GUKOPUCMAHT 0181 8anioayii pe3y1bmamis, OmpuMaHux npu YUceibHOMY
MOOeNIo8aHHI.

Knruosi cnosa: sucoxomiyna cmans, cmamuyte npooasiio8ants, NIACMUHYACmull 3pa3ox, oiazpama
npoOAeIEaHHsl, NIOCKUU NYAHCOH, HANIBCHepudHULl NYAHCOH, KOHYCHUU NYAHCOH.
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