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F. G. SHIGABUTDINOV, R. Z. MURTAZIN, R. F. MUHUTDINOYV.
BUCKLING OF ELASTIC CYLINDRICAL SHELLS
WITH IRREGULAR CROSS-SECTION SHAPE BY LONGITUDINAL IMPACT

The work is devoted to the investigation of lateral motion forms for the isotropic cylin-
drical shell with the irregular cross-section shape by absolute solid impact. The differential
equations of thin cylindrical shell motion by Timoshenko model in geometrically nonlinear
statement with shift and rotary inertia taken into account are accepted. The problem is set up
and solved in the asymmetric statement. The finite difference method has been used. The
received results allow to judge shell deformation behavior and to obtain its allowable deflec-
tion by thickness variation.
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Kazancxuii 2ocyoapcmeennviii apxumekmypho-cmpoumenbHulll yHugepcumem

ONPEJAEJEHUE KPUTHUYECKHUX CAJI MOTEPA YCTOMYUBOCTH
YIPYTUX CTEPXKHEM ITPH IMTPOJOJILHOM YJIAPE
IO «CTATUHYECKOMY» KPUTEPUIO

B nanHoit pabote mpUBOAATCS pe3yabTaThl PeLICHHs 33a7ad O IMOTepe YCTOHYMBOCTH YII-
PYTUX CTEpXHEH, K OZHOMY M3 TOPLOB KOTOPBIX IPHUKIAIBIBACTCS IMPOAOIBHAS yAapHas
CWJIa, 3aBUCSIIASL OT BPEMEHU [0 IPSMOYTOJIbHOMY U TPEYroJbHOMY 3aKOHY. YUHTBIBAETCS
BOJIHOBOM XapakTep paclpOoCTPaHEHUs MPOAOJIbHBIX BO3MYILIEHUH BJOJIb CTEP)KHS, BbI3bI-
BAIOIINX HEOTHOPOJHOCTh HANPSDKEHHOTO COCTOSIHUA Mo auHe. [Ipennomaraercs, 4ro more-
Psl YCTOWYHMBOCTH MPOMCXOIUT MPH MIEPBOM HMPOXOKICHUH BOJHBI CKATHUS BIOJB CTEPXKHS.

IMocranoBka 3agayu. IlycTb K JIeBOMYy TOpLY TOHKOIO IPSMOJIMHEHHOIO
CTep>KHs JUINHBI / (pUCYHOK 1) B MOMeHT BpeMeHH ¢ = 0 mpUKJIaIbIBacTCA MPOIOIIh-
Hast cuia P = P(f). OT Harpy>eHHOT0 TOpLa CTep>KHS HAaYMHAET PaclpoCTpaHIThCA
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IpoJOJIbHASA BOJHA CO CKOPOCTBIO @y. byaeM mpeamonaraTs, 4To BpeMs Bo3pacTa-
HUSl Harpy3Kd T MEHbIIE BpEMEHH, 32 KOTOpOE ympyras BOJHA MPOXOIUT AJIUHY
CTEpXKHS, U MOTEPs] YCTOMYUBOCTH MPOUCXOIUT MPU MEPBOM MPOXOXKIESHUU BOJHBI
BIONE cTepkHA. [Ipomecc mehopMHpOBaHUS MOKHO YCIOBHO pa3OWThH Ha JBE CTa-
JIH: HakoIUIeHHe nedopMmanuii CKaTHS W MOTeps YyCTOWYMBOCTH. [Ipm 3TOM, Kak
NPUHATO B KJIACCHYECKOW TEOPHH YCTOHYHMBOCTH CTEP)KHEH, 10 HOCTHKEHHUS KpH-
THYECKUX TapaMeTpOB IpoIecca MPOTUOBI B CTEPIKHAX OTCYTCTBYIOT, YTO ITO3BOJIA-
eT TpeHeOperaTh BIMSHHUEM IIPOTHOOB Ha MpopoibHOe nedopmuposanue. s 3a-
JAHHOTO 3aKOHA HArpyXeHHs Ha TOpLE C y4EeTOM HEOAHOPOAHOCTH HAIMPSKEHHOTO
COCTOSTHHSI, BBI3BAaHHOTO TPOIONFHON BOJHOW HarpyXeHus, TpeOyeTcs ONMpeneTuTh
KPUTHYECKYIO CHITY ITOTEPH YCTOMYMBOCTH CTEP)KHS B 3aBHCHMOCTH OT JITHHEI CXKa-
TOTO y4acTKa CTEepKHS (T.e. JUIMHBI, Ha KOTOPYIO NMPOABHHYIIACH TPOJOIbHAS BOJI-
Ha). JJuddepeHnuanpaple ypaBHEHUS JBIDKCHHS DJIEMEHTa CTEp)KHS 3alldIIeM B
BUJIE:

3%y 1 9%
et a0V o
2 4
—pFa—W=EJa—W+i(EFa—“a—W); NG = EF 2 )
or2 ot ox ox ox ox

rae u(x, ), w(x, ) — IPOJOIBEHOE U TIOTIEPEYHOE MEePEMEIIESHHSI TOUYeK OCH CTEPIKHS
COOTBETCTBEHHO; E, p — MOJIYNb YIPYTOCTH W IUIOTHOCTH MaTepuaiia CTep KHS; dg—
CKOPOCTB TIPOIONIGHON BOJIHBI B CTEP)KHE (CKOPOCTH 3ByKa B MaTepwuaine); N(x, 1) —
GyHKIMS pacnpeeNieHns: TPOJIONBHBIX CHJI [0 CEYCHHUSIM CTEpXkHS; F, J — IIomajip
MIOTIEPEYHOT0 CEYECHUSI U HAMMEHBIIH TTIaBHBII MOMEHT MHEPIIUU CEUSHHUS.

P=P(0 (TSI

lo;

wY

Pucynok 1

Pemenne. Pemenune ypaBHenus (1) OyneMm cumTaTh H3BECTHBIM. PermeHue
ypaBHeHus (2) OyzaeM NpelcTaBIATh pagaMu Dypee, yIOBICTBOPAIOIIUMY I'PaHUY-
HBIM YCIIOBUSIM 3aJaud. PaccMOTpUM INOTEpI0 YCTONUMBOCTU CTEpPXKHS M IIECTH
BapHaHTOB I'PaHUYHBIX YCIOBHH Ha TOpLAX.

1 Paznooicenue pynxyuu npoeuda w(x, f) u coomgemcmayroujue paHuynbvle YCiogus

1.1 JleBblif KOHEll MOABIKHO 3ajieNiaH, MPaBblil KOHEL HIAPHUPHO OIEPT:
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wlx,t)= eithfk COSApf_1X ; 3)
k=1

2k -1)n

7\-2/(_1= N (k=1,2,3 ),

x=0: w=f, w,=0;, x=[: w=0, w, =0.
1.2 JleBblif KOHEI MOJBUKHO 3a/I€NaH, IPaBbIil — )KECTKO 3afieaH:

w(x,t)= e iﬁ[l +cosA 4)
k=1 2

2k—1% 1’

(2k-1)n
/
x=0: w=f, w,=0;, x=[: w=0, w,=0.

Mooy = , (=1,2,3...0);

1.3 JleBsIii KOHEI] MMOABHIKHO 3a/€JIaH, HA IIPAaBOM KOHIIC XXCCTKas 3aJ1CJIKa:

w(x, 1) =eimt2fk [1—coshyx]; 5)
k=1

21k
}\‘Zk =T, (kzl, 2, 3 ),
x=0: w=0, w,=0; x=/[: w=0, w,=0.
1.4 JleBbIif KOHEI] IIAPHUPHO ONEPT, HA MPABOM KOHIIE CKOJB3SIIAs 3a/eIKa:

w(x,t) = eithfk sinAoy;_1x; (6)
k=1

k-
!

7‘2k—1: ,(k=1,2,3 ),

x=0: w=0, wi, =0, x=[: w=f, w,=0.
1.5 JleBblii KOHEI IOJBMKHO 3a/I€NIaH, HA IIPABOM KOHIIE CKOMB3AIIAs 3a/1eNKa:

w(x,t) = e"‘”’zf—zk[l —coshyy_1x]; (7)
k=1

T2k -1)

Aoy = . (k=1,2,3.0;

x=0: w=0, w,=0; x=[: w=f, w,.=0.
1.6 JleBblii KOHeI IOABIYKHO 3ajelaH, HA IPAaBOM KOHIE HOJBUKHAS ITApHHUP-

Has omopa:
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w(x, 1) =e'® ka [1-coshyy_ix]; ®)
k=1

, (k=1,2,3 ..

T2k -1
Aok =T)

x=0: w=0, w,=0;, x=I[: w=f, wp =0.

2 Paznoxcenue @ynxyuu nazpysku P = P(x) 6 paoet @ypwe. Ha pucynke 2 uzo-
OpaxxeHBI IBa BapHaHTa JUarpaMMbl P —¢ . DMIOPHI MPOJOIBHBIX CXKUMAIOIINX CHIL,
COOTBETCTBYIOIIMX Ka)JOMY BHUJIy UMITyJbca, IOKa3aHbl Ha pucyHke 3. Ha pucyn-
ke 3 0003HaueHsl: [ — AJMHA CTEPXKHA, b — JUIMHA €ro 3arpy’KeHHON JacTH.

a P 6 F
P,
e
0 t 0 t
Pucynox 2
P P
P,
Py

0‘ —L—l X 0_ —Lﬁ X
Pucynox 3

2.1 Cny4aif MTHOBEHHOTO BO3pacTaHHs HArpy3KH (CM. PUCYHOK 2, a):

0<x<b, P} °°
= > aj coshyx, ©)
beSl, 0 k=0
2P
CIOZP?, akZEsinkkb, (k:1,293)

2.2 Cny4aif THHEHHOTO BO3pacTaHUs Harpy3Kkd (CM. pUCYHOK 2, 6):

X oo
OSXSb, P(I_Z] = zak COS}\rkx B (10)
b<x<l, 0 k=0
2 n2b
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Paner (3)—-(10) moacraBmsitoTcss B ypaBHeHue (2). YciaoBHe PaBEHCTBA HYIIIO
OCCKOHEYHBIX TPUTOHOMETPHUYECKHX PAIOB MPHUBOIUT K OECKOHEYHOW CHCTeMe
OTHOPOJHBIX aNTeOpaNuecKiX YpaBHEHHH. YCIOBHE CYIIECTBOBAHHUS HETPHBHAIB-
HBIX PEIICHUI MOTYYEHHBIX CHCTEM IIO3BOJISECT OMPEACIHTh KPUTHUECKHE CHIIBI,
KaK CHJIBI oOpamiaroliye JacToTy KoieOaHui B HONb. B craTmyeckux 3amadax yc-
TOWYMBOCTH ITOT KPHUTEPUI Ha3bIBaeTCs AWHAMHYECKHM. [IpUMEHUTENTpHO K 3aja-
yaM yJapa Mbl Ha30BEM €ro '"CTaTH4ecKuM'.

s mpuMepa pacCMOTPUM CTPYKTYPY OIPEISIUTENs, KOTOPBIA MOJTYYHUTCS IpU
BapuanTax m.1.1 u m.1.6.

ITociie moncranoBku psagoB (5), (10) B (2) momydaercs OSCKOHEUHBIC PSIBI.
CTpyKkTypa 3THX pAIOB TaKOBa:

cosh 2 /1Q) = fo(a; —ap)hiAs = f3(ay =a3)hhs == fy (@ g =@y i Rgyg 1+
+eoshax /29, = fi(@ —a)hshy = f3(a1 —ag)hshs == £, (042 =1y )}"37"2n—1]+(1 1)
......................................................................................................... +

+€08A2, 1 X[~ f1 (@ =@y gy M = f2(@p =@y gy A3 =i, +/,2,]=0,

| 2 2
rae Q = EEﬂ‘Zk—l —2agA5p—1 +azr-1Nog 1 -

®opmyny (11) MoxkHO 3anucaTh 60siee KOMIAKTHO!
ZCOS}VZk—I Sy =Agp- Z M1 /i@ —ai+k—1)—kzk—lzkzi—ﬁi(ak—i—ai+k—1) =0. (12)
k=1 i=k+1 i=l

YcnoBue cynecTBOBaHUS HETPUBHANIBHBIX peIIeHHH cucTeMsl (12) mpuBoAUT K
PaBEHCTBY HYJIIO €€ OIpefeIuTeNs:

Ql —k1k3(a1 —a2) —7L17L5(612 —a3) .....
—k17u3(a1—a2) QZ —7\.37\.5(a1 —a4) ..... -0 (13)
~MAslay —a3)  —Ashs(a;—ay) Q3

UucaoBble mpuMepsbl. PaccMoTpeHa moTepsi yCTOWYUBOCTH CTEPXKHS €O Clie-
JIYIOLIUMHU XapaKTepucTuKkamu: £ = 2:10° KF/CMZ, J=17,9 CM4, F=12 CM2, [=4wm.

IIpu BBIYMCICHUN KPUTHYECKUX CHJI TIYTEM pelleHus ypaBHeHUN Buaa (13) ms
obecrieueHusl TOUHOCTH PAacCMATPUBAIUCH OMPEAETUTENN 0 AECSITOTo Hopsiaka. B
tabnmune | mpuBeneHbl 3HaYeHHs] P/ Py, NI pa3IMYHBIX BHIOB HArpy>XeHUH B
3aBHCUMOCTU OT T). 3aech: P — cuja, ompejenseMasl U3 YCIOBUS PaBEHCTBA HYJIIO
onpenenuTens; P,;, — craTudeckas KpuTudeckas (diiepoBa) CWiia IUIsl paccMaTpH-

BAa€MOro CTCp>KHiA, M 27 — OTHOLICHUEC NJIMHBI CXKATOI'0 y4aCTKa K MOJIHOM JJINHE

CTepKHS; HarpyxeHue 2.1 cOOTBETCTBYET NMPSMOYTOJIbHOMY HUMIIYJIbCY, ITOKa3aH-
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HOMY Ha PHUCYHKe 3, @, HarpyXeHue 2.2 COOTBETCTBYeT TPEyrodbHOMY HUMITYIbCY,
MOKa3aHHOMY Ha PUCYHKeE 3, 6.

Tabnuya 1

Homep _ 2

Harpy- n_l

Kemwt o1 102 | 03 [ 04 ] 05 [ 06 | 07 [ 08 | 09 | 1

1 Jlesvitl KoHey nOOBUNCHO 3a0e1aH, HA NPABOM KOHYe HeNnOOBUNCHAS WAPHUPHAS ONOpa

1 103,0 [ 25,06 | 11,11 | 6,251 | 4,0 | 2,778 | 2,041 | 1,562 | 1,234 1,0
2 351,7 179,42 35,29 | 19,85 | 12,705 | 8,823 | 6,482 | 4,963 | 3,921 | 3,176
2 Jlesuiil KoHely nOOBUIICHO 3A0€NaH, HA NPABOM KOHYE JICeCmKas 3a0eKa
1 50,12 | 12,5 | 5,555 3,125 2,0 1,429 | 1,167 | 1,049 | 1,006 1,0
158,8 39,70 | 17,64 | 9,926 | 6,353 | 4,417 | 3,299 | 2,644 | 2,249 2,0
3 Oba konya 3adenanvi
1 14,93 | 4,607 | 2,662 | 2,092 2 1,898 | 1,487 | 1,162 | 1,024 1,0
2 4541 | 13,21 ] 6,992 | 4,803 | 3,841 | 3,348 | 2,977 | 2,591 | 2,246 | 2,0
4 Jlesuiil koHey wapHupHo onepm, Ha NPABOM KOHYe CKOb3AAs 3A0eNKd
1 4,342 12,335 1,683 | 1,372 | 1,199 | 1,099 | 1,042 | 1,013 | 1,002 1
8,505 | 4,465 | 3,133 | 2,478 | 2,095 | 1,848 | 1,679 | 1,56 | 1,473 | 1,409
5 Jlesvlil KoHey nOOBUIICHO 3a0enan, HA NPABOM KOHYE CKOIb3Auas 3a0e1Ka
1 50,12 | 12,5 | 5,555 3,125 2,0 1,429 | 1,167 | 1,049 | 1,006 1,0
2 158,8 139,70 | 17,64 | 9,926 | 6,353 | 4,417 | 3,299 | 2,644 | 2,249 | 2,0

6 Jlesblil KOHEY NOOBUNHCHO 3A0eNaH, HA NPABOM KOHYe NOOBUNCHAS WAPHUPHASL ONOPA

1 103,0 [ 25,06 | 11,11 | 6,251 | 4,0 | 2,778 | 2,041 | 1,562 | 1,234 1,0
2 351,7 [ 79,42 | 35,29 |1 19,85 | 12,705 | 8,823 | 6,482 | 4,963 | 3,921 | 3,176

CIIMCOK JIMTEPATYPbI

1 MoBcucsn, JI. A. O6 ycroitumBoctH ynpyrod Oaiky HpH IPOAOIBEHOM yxaape /
JI. A. Moscucsu // JAH Apm.CCP —1969. — T. 16. — Ne 3. — C. 124-130.

2 luradytaunos, ®. I'. Bausaue GopMbl UMIyIbca HA KPUTHYECKYIO HArpy3Ky IOTe-
pu ycroitunBocTH mpu mpononsHoM yaape / @. I'. Illuradyrounaos, T. K Xamuros // Mare-
MaTHYECKHE METOIbl M MOJIENN B MPHKIAAHBIX 33fadaX HAYKH W TEXHHUKH : TP. MEXIyHap.
kxoH(. KJIMH-2004. — YapsHoBek : YnI'TY, 2004. - T. 7. — C. 205-207.

F. G. SHIGABUTDINOV, T. K. HAMITOV, A. F. SHIGABUTDINOV
EVALUATION OF CRITICAL FORCES FOR LOSS STABILITY
OF ELASTIC RODS AT LONGITUDINAL IMPACT BY STATIC CRITERION

In this work the problem solution results on loss of elastic rods stability are given. The
longitudinal impact is applied to one of the butt ends and is time-dependant in right-and
three-angled laws. Wave-like behavior of longitudinal-along rod-disturbance propagation
which causes the irregularity of length stress state has taken into account. The loss of stabil-
ity is supposed to happen during the first compression-along rod-wave passing.
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