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DEVELOPMENT OF GENERALIZED DYNAMIC MODEL OF
OSCILLATIONS OF CYLINDER CASE OF DIESEL ENGINE OF
LOCOMOTIVE

Summary. An engineering method of design, worked out by the authors, is considered
in the paper. It allows to carry out design of amplitude-frequency specter and vibration
loading of cylinder cases of the diesel engine of locomotive with account of cavitation-
erosion damage. Offered method of design of parameters of cavitation-erosion damage
may be used in design of new structures of diesel engines of locomotives and systems of
cooling.

PA3PABOTKA OBOBIIEHHON JUHAMMWYECKON MOJIEJIU KOJIEBAHUI
'MJIb3bI LIWJINHJIPA IU3EJIS TEIIOBO3A

AnHOTanus. B crarbe mnpuBEEH MONYYEHHBIM aBTOPAMM WHXEHEPHBIH METOJ
pacdera, IO3BOJSIOIUNA MPOBOJUTh pacueT aMINIUTYJHO-4aCTOTHOIO CIEKTpa W
BUOPAIMOHHOTO HArpyXXeHHWs NHIMHAPOBBIX THJIB3 JAW3ENs TEIUIOBO3a C Y4YETOM
KAaBUTALMOHHO-3PO3UOHHOr0 paspylieHus. [IpeanoxkeHHblii METO pacueTa napamMeTpoB
KABUTALMOHHO-3PO3UOHHOI0 Pa3pylIeHHs] MOKHO HCIIOJIb30BAaTh MPU MPOECKTUPOBAHUU
HOBBIX KOHCTPYKIIUH JU3elIel TEMIOBO30B U CUCTEM OXJIAXKECHUS.

1. INTRODUCTION

In piston-type engines of internal combustion the bush (case) of cylinder is damaged due to
summed up effect of different physical-chemical factors on metals. One of the reasons of damage
(roughening of bush metal) is the presence of cavitation in cavities of engine cooling. Calculations of
the motors considering effect of cavitation were carried out by many researchers [7, 8, 10].

The main reason of cavitation erosion is the presence of high-frequency vibrations of bushes under
the effect of lateral pressure, occurring in the process of operation of diesel piston (as a result of
transposition from one wall of cylinder to another while passing the upper dead position when the sign
of the forces of lateral pressure N is changing).

2. EVALUATION OF STRESS-STRAIN STATE OF CYLINDER CASE OF AN ENGINE OF
LOCOMOTIVE WITH ACCOUNT OF COMBINED EFFECT OF LONGITUDINAL AND
TRANSVERSAL OSCILLATIONS ON THE SYSTEM

To evaluate stress-strain state of cylinder case of diesel engine of locomotive and to assess the
processes of cavitation-erosion wear under the effect of cooling liquid in the system, we will consider
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oscillations of the case of cylinder in the form of finite shell, elastically fixed at the ends, and will turn
to equations of elastic shells with account of wave propagation in their material. Option of Kirchhoff-
Love linearized theory of shells is taken here, considering flexures of shells Ul, U2, W1, W2 — as
small ones comparing with the thickness of a shell [1, 2].

Design scheme to study oscillation of internal and external cylinders of a case in a block of
cylinders of diesel engine of locomotive in the form of finite shell, elastically fixed at the ends, under
the effect of pulsed pressure in cooling liquid, is given in Fig. 1.

Dynamic model under study presents two co-axially located elastic cylinder shells (shell 1 —
external cylinder of a case and shell 2 — internal cylinder of a case, respectively); between these shells
there is a cooling liquid with pulsed pressure Pg (x, t).

Circular elastic cylinder shells have external radii R1, R2, thickness of a wall hl, h2, the length -
L1, L2, at the ends — elastic fixing.

Between internal shell 2 and piston 3 in points of a contact there acts a force of friction, expressed
by:

Pﬁ‘ ('x9 t) = ffr ’ den . (1)
Outside there is an external impulse dynamic load
N=5
Py ()= Y P, (x) cosna,} . 2)
n=1

Superpose axis OX with longitudinal axis of a case, having two co-axially located cylinder shells
(shell 1T — external cylinder of a case and shell 2 — internal cylinder of a case, respectively).
Displacements of middle surface of shell 1 in directions of generatrix we will mark as Ul, and
displacements of middle surface of shell 2 - as U2, and radial displacements as W1, W2, respectively.

Taking into consideration results of works by Volmir A.C. and Kilchevsky N.A. [1, 2], an equation
of oscillation of cylinder case of diesel engine of locomotive may be written in the form of equations
of longitudinal-radial oscillations of two elastic thin-wall cylinder shells with cooling liquid between
them; it has pulsed pressure in length and time under the effect of external dynamic effects Pyyn, in
displacements (oscillations are taken as axis-symmetrical ones):

- for the first shell (1- internal cylinder of a case) equation of longitudinal oscillations has the form:

E U, o, U U
lhlz zl"'ﬂl L= 8 —= o — +fipd n(xﬁ
-2l & Rax & & y )
Equation of transversal displacements (along the radius) of the first shell
_ W oW, 8 1 Eh au, W,
7, &QMD1 5 N+ — g 2+ = F (x,8)
% " R 1-y4 ox R g @

For the second shell (2- internal cylinder of a case) equation of longitudinal oscillations has the
form:

Eh, (8*U, w00, U U
: 22 22 +2 2 -8 —2=ph —2?+f P(x,f)+f2Pd (x,£)
1-u, \ & R, ot o g yn )
Equations of transversal displacements (radial oscillations) of the second shell
W, W, — W, 1 Eh o, W.
My ——+ Dy —2 A Ny —— +— 22|y, —2+ 2 [==P (x,0)
ok ox ox Ryl-p, & R g ©

So, we get general solution for the study of transversal oscillation of shells of a case under pulsed
pressure and velocity in cooling liquid, neglecting the effect of longitudinal displacements of neutral
axis of shell on transversal ones (at elastic fixing of ends) in the form:
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For the first shell of a case

W (x,0)= 3 W () Wi (0)
=l . (7a)
For the second shell of a case

W, (60 = 3 W (1) Wi ()

/_6
A/ A/ e S AP I

(7b)
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Fig. 1. Design scheme to study oscillations of internal and external cylinder of a case in the block of cylinders of
diesel engine of locomotive in the form of finite shell, elastically fixed at the ends under the effect of
pulsed pressure in cooling liquid (1 - external cylinder of a case; 2 - internal cylinder of a case; 3 - piston;
4 - rod; 5 - cooling liquid; 6 - block of cylinders of diesel engine of locomotive; 7 - case lid)

Puc. 1. PacuerHast cxema AJis UCCIIeIOBaHMA KoJeOaHHH BHYTPEHHETO W BHEUTHETO LMIMHIPOB TUIB3HI B OJ0Ke
UWIMHIPOB AW3eNsl TEIJIOBO3a B BUAE KOHEYHOW OOOJOYKH, YIPYTro 3aKpeIICHHOW MO KOHIIAM, IOJ
BO3JIEHCTBUEM MYJIbCUPYIOLIETO JaBJICHUS B OXJIaKIAIONIeH kuaAKOCTH (1 - BHEITHUI LHIMHAD THUIIB3BI;
2 - BHYTPEHHHMH IWJIUHIAP THIB3BI, 3 - MOpIIeHb; 4 - IMITOK; 5 - OXJaXHAromas *XUAKOCTh;, 6 - OJ0K
LHWJIMHIPOB TU3ETS TeTI0B03a; 7 - KPBIIIKA THJIb3bI)

Here W, (t), W,,(t) - determine dynamic displacements of neutral lines of shells in time and are

determined according to formulae (8a)
- for the first shell of a case of diesel engine of locomotive

cosna L — COS £
e @)= Dy ) & 4 e’

W,
- 3 + W, cOspt +—2sinm,, ¢
Ty —\R@, The

, (8a)
- for the second shell of diesel engine of locomotive
COSN@_ ;L — COSTY,,t +

W
W)= D5 (0 7= 2 Wiy COSTf + —2 5107758
ag —! ”wg g

(8b)
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and

W, (x)=C,shax+C,chw,x+ C; s yx +C,, cos®,,x (92)

(9b)
where W, (x),W,, (x) - are own functions for general case of elastic fixing of the ends for the first and

W, (x)=C,sha, x+C,ch@,,x+ C,; sin @,,x + C,, cos @, zx

second shells of a case of diesel engine of locomotive, and @, ,®,,,0,,D,; - are own frequencies

of oscillations of the first and second shells of a case at transversal displacements, which are,
respectively:

1
oy = _d14 "'\/(dm)2 _[d;‘z E_lek] w,, = _d24 +\/(d2 ) {d; R ﬂ;k]
1 . 2

1 1
Wy = d14+\/(d14)2_[df4zg_212k} Wy = d24+\/(d24)2_[d;2R__2§k]
1 . 2

Consider solution of the system of equations (3)+(6) with account of successive complication:
1* problem. First consider longitudinal oscillations of two co-axial shells (Fig. 1) with assumption of

oW,
small value of transversal widening (that is a—' and 8_2 tend to 0); we will have beam-type forms
X X

of oscillations of shells. With this assumption, equations (3) and (6) will have the form

Eh, U U
1_1 12 ale_fgl 1}’31 +f1 ¢t
)L‘rl , (10)
E U ou. U
l_gjzz &sz _/82 &2 =r02hz &2 +ff P(x t)'*'f; (X I)

(11
2" problem. Oscillations of two co-axial shells (Fig.1) of a case of diesel engine of locomotive
with the effect of transversal displacements (on radius) W;(x,t) and W,(x,t) on longitudinal ones.
Write down the system of differential equations for the 1% and 2™ shells of a case for interconnected
longitudinal-transversal oscillations, taking oscillations of thin-wall shells as axis-symmetrical ones.

En U, 80 3 U ~ Ehy 4 O,
—u? & E aolhl =hF ( £) 1—,&12 R o )
4w, a'w, — W, 1 Ep au, W
W ——t D — A+ N —+ — | 1y P (x,£)
¥ ox ox R 1- 4 ox Rl (13)
En, U,  oU, aU By, OW,
- - - P 0+ ¢ )
il e B O T Tt A BT T T R e
, (14)
W, W, — W, 1 Ei au, W,
Wyt Dy —2+ Ny ——2+— 22, — 2+ 2 =B _(xt)
o ox ox Ry1-u, & R, g 15)
Where pulsed pressure in cooling liquid has the form
N=5
P‘ (x.t)= S{P ,,(x)-cosna) t}
(16)

3" problem. Consideration of the effect of longitudinal oscillations on transversal ones for the first
and second shells of a case of diesel engine of locomotive. We will make an attempt to study
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discussed effect on example of solution of equation (12) for the first shell of a case for longitudinal
oscillations with account of two-way influence of transversal oscillations of shells on longitudinal
. . Eh aw, o . .
ones (in the form of additional terrn — N AT , derived in solution of equation (13).
-l R ox
Eh W oaw,,

1-u’ R Ox

Find out the value for the calculation of the term from equation (13),

E
introducing the designation T1 = 1_h12 el .
l-pu R

As a result we get

T aVVlk

(Wlk (t)- (CllwkChwlkx +C, 0, shey x +Cy0,, c0s 0 x - €,y 810 wle)) an
Substituting equation (17) into (12) for longitudinal oscillations of the first and second shells of a
case, we get
Eh 8'U U 32
= -8 a;k - ok fl (x =T Wy () By (%)

1- 4 ox?
: , (18)
Ehy 80, i, Uy
-2 o g At =S5 T IE g5 =
-7, 'Wz;c(f)'gu(x) ’ (19)

where designations are introduced
E,(x)= ((Clla)lkCh @y X+ C 0 shay x + C30h 5 cos @y x — €, 8In a)le)) :
E,, () = (Cor0ych @y x + Cpo @, 5h @, X+ Cy0, cOS 0, X = Coy0, 510 0, X)) ‘

Further in analogy, applying Laplace transforms in time [3], we will have formulae to calculate
U,(p) and U,(p)(with account of the effect of transversal oscillations on longitudinal ones) in the

form
U (p)=-B. (x) r rly + 01'*')81U01
' X T ) P+ A+ A +x5’s,v+/?f Y-y
(p +'?3€33g )P +??]x 2 ??Li; 2 ??Li; , (20a)
=) 2 pUy 02"‘)‘%%2
Uipy=-£,ix)
: = e P A Br | P Bt A DBt A
+T2E2k(x){D2k(x) 2 pz 727 ?‘ngz + 2%622]
(p +|)gaé l)lp +j';:2kl i pT Ny (ZOb)

Then using Heavyside theorem [4] to obtain the originals of functions, we will get them in the form
- for the first shell of a case of diesel engine of locomotive

cosna} f COS
W)= D, (0= 8 Tut

Wa ..
+ W, cosmt+—Lsing t+

'”@g ¢ Thi

COSN@, ©— COST,E

na

+T; By, (x)- [ Dy (x)
e~ 7

+ Wy, cosmy b+ K';1sin;';:l,‘,f]
s : (21a)
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- for the second shell of a case of diesel engine of locomotive

cosn@ ,f— Ccos
W €)= Dy () &= Tl

W .
+ Wy, COSNyf +—2singm, £+

Qk_'nmg f Mz
— COsSn@ f—Cosn.,.t W
+T, - By (0| Dy ()———# ?2* +IW g COSTpt +—22SiN Tt
??Qk_|nwg' ??2.% . (21b)

So, we have obtained expressions to study stress-strain state of the first and second shells of a case
of diesel engine of locomotive under interconnected longitudinal-transversal oscillations of a case in a
block of cylinders of diesel engine of locomotive with account of pulses of pressure and velocity in
cooling liquid; these expressions were further used in conducting numerical calculations. To build the
program and carry out numeric studies MathCad 13 programming was used. Results of calculations
are resulted in Fig. 2-5.

Ulgl,y =

onpl(xl,t) =
0
-1.664'108
3.303'108
-4,889°108
6.398'108
-7.806°10-8
9.091°108
-1.023'107
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1.635°107

olo|lo|o|lo|o|o
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Fig. 2. Volume graphic dependence of longitudinal oscillations and arising pressure in 1 shell (in an external
cylinder of a case) at dynamic external loading and with account of pulses of pressure and velocity in
cooling liquid (on 5 harmonics)

Puc. 2. ObwvemHas rpaduueckass 3aBUCHMOCTh HMPOJOJBHBIX KOJeOaHMH M BO3HHKAIOIIUX HampsDKeHHil B 1

o0osouke (BO BHEIIHEi 0000uke IMIMHAPOBOM T'MIIb3bl) MIPU AMHAMHYCCKOM BHEUTHEM HATPYy>KEHUH
U BJIMSHUH ITyJIbCAlMN B OXJIAKIAIONICH KUAKOCTH (110 5-TH TapMOHHUKaM)

3. CONCLUSION

From the analysis of volume graphic dependences (Fig. 2-5) it is visible that at engine work there is
an increase in values of longitudinal deformations and pressure as in the central part of a cylinder of a
case, and is closer to fastening places that also corresponds to practical supervision as in installation
sites of a cylinder of a case in the block of cylinders on the top landing belts of cylinder of a case
under sealing ledge destruction of a surface of metal and a congestion of erosive bowls is observed.

The maximum values of longitudinal pressure and deformations can be observed in the centre of a
cylinder of a case that corresponds to practical supervision as in the central part of a cylinder sleeve
(approximately in places of a supply of a cooling liquid) and in places corresponding to them on a
surface of the block of cylinders the greatest destruction of a surface is observed.

Therefore in the central part (in a place of a supply of a cooling liquid) it is necessary to provide
actions for decrease value of the high-frequency fluctuations arising at work of the engine, and on
increase in deformation firmness of a surface to influence of cavitations-erosive destruction that has
been considered by working out of constructive actions for decrease in cavitations-erosive destruction
in diesels [11].

As a result we have developed a new method of prediction of stress-strain state of shells of a case
of diesel engine of locomotive at elastic fixing of the ends, with account of pulses of pressure and
velocity in cooling liquid and the effect of cavitation-erosion wear.
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Fig. 3. Graphic dependence of longitudinal oscillations and arising pressure in 1 shell (in an external cylinder of
a case) at dynamic external loading and with account of pulses of pressure and velocity in cooling liquid
(on 5 harmonics) on cylinder of a case height

Puc. 3. I'paduyeckast 3aBUCUMOCTH IIPOAOJIBHBIX KOJICOAHUHM M BO3HUKAIOMIMX HANpspkeHHH B 1 oOomouke (BO
BHEIIHEH 000JI0YKe LMIMHAPOBOM TI'MJb3bl) MPH AMHAMHYECKOM BHEIIHEM HAarpy)keHHHM M BIIUSHUU
MyJIbCAlUi B OXJIAKIAIONICH KUAKOCTH (110 5-TH TapMOHHUKAaM) IO BBICOTE THIIb3BI

U2(x2,t) = onp2(x2,t) =
0 d 0
0 0
0 0
0 0
0 0
0 u]
0 0
0 0
17521014 5.503'10-12
2.039-10°14 137108
G071 1014 6.960'10-8
TS, -2,329'10°9
> 1011004 -4.809°10-9
ERTETSE 2,007'10°6
-6.56010°9

-2,28°10-14

U2 onp2

Fig. 4. Volume graphic dependence of longitudinal oscillations and pressure in 2 shell (in internal cylinder of
a case) at dynamic external loading and with account of pulses of pressure and velocity in cooling liquid
(on 5 harmonics)
Puc. 4. O6bemHast rpaduueckas 3aBUCHMOCTb NPOJOIBHBIX KOoJeOaHWH M HampsOKeHHH Bo 2 o0oiodke (BO
BHYTpPEHHEH THib3e IWINHApA) NPH AMHAMHUYECKOM BHEUTHEM HArpy>KCHHM M BIUSHHUH ITyJIbCaIlHi
B OXJIaX/IAIOMIEeH )KUIKOCTH (110 5-TH rapMOHHUKAM)
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5. Graphic dependence of longitudinal oscillations and arising pressure in 2 shell (in internal cylinder of a
case) at dynamic external loading and with account of pulses of pressure and velocity in cooling liquid
(on 5 harmonics) on cylinder of a case height

5. I'padmueckast 3aBUCUMOCTD MPOJOIBHBIX KOJeOaHHH M HampsHKCHUH BO 2 00omouke (BO BHYTPEHHEH
I'MJIb3€ LWJINHIPA) IPH AMHAMUYECKOM BHEUIHEM Harpy>KCHUH M BIUSHUU IYJbCALUil B OXJIAXKIAIOLIEH
KHUJKOCTH (110 5-TH TapMOHHKaM) IO BBICOTE TUIIB3BI
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