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Popis cesky

RingDyn in version 2.0 is a software tool for solving dynamics and thermo-elastic-
hydrodynamics sets of piston rings. The software includes the ability to solve one of
up to four piston rings in mixed lubrication conditions. Dynamics uses Alfa-method
(HHT) numerical integration of the equations of motion. The pressure in the oil layer
is based on solving Reynolds equation by using the finite difference method with
consideration of the influence of pressure, temperature and shear stresses on the
viscosity and density of oil, the elastic deformation of the pin and pans, by
unevenness on the oil flow and contact bumps. Individual rings during the numerical
solution of input parameters affecting other rings. The software includes a user
interface that loads the input text file.

Popis Cesky

RingDyn ve verzi 2.0 je softwarovy nastroj pro feseni dynamiky a termo-elasto-
hydrodynamiky sad pistnich krouzki. Software zahrnuje moznost feSeni jednoho az
Ctyr pistnich krouzkii v podminkach smiSeného mazani. Dynamika vyuziva Alfa-
metodu (HHT) numerické integrace pohybovych rovnic. Tlak v olejové vrstvé vychazi
z feSeni Reynoldsovi rovnice pomoci metody koneénych diferenci s uvazovanim vlivu
tlaku, teploty a smykovych napéti na viskositu a hustotu oleje, elastickych deformaci
¢epu a panve, vlivu nerovnosti na proudéni oleje a kontakti nerovnosti. Jednotlivé
krouzky v pribéhu numerického ftesSeni ovliviiuji vstupni parametry ostatnich
krouzki. Software obsahuje uZzivatelské prostiedi nacitajici vstupni textovy soubor.

Keywords

Piston ring, dynamics ring piston, viscosity, temperature distribution, Newton's
method

Klicova slova cesky

Pistni krouzek, dynamika krouzku, pist, viskozita, rozloZeni teplot, Newtonova
metoda

Parametry technické

Vyuzitim tohoto software lze feSit dynamiku pistnich krouzkd spalovacich motori a
pomoci vysledki lze optimalizovat parametry pistnich krouzki, jako napiiklad
predpéti krouzku nebo geometrii krouzku. Vhodnym nastavenim parametrt pistnich
krouzkii 1ze dosdhnou nizsich trecich ztrat, které se projevi nizsi spotfebou motoru a
tim lepsi ekonomikou provozu.

Parametry ekonomické

Program je napsan v prostiedi Matlab vcetné interaktivniho uzivatelského prosttedi.
Diléi vstupy jsou zadavany prostrednictvim MS Excel. Software lze §irit zdarma a
pouzivat k nekomerénim tucelim. UZivatel vSak neni opravnén software ¢i jeho
soucasti jakkoliv ménit. Pro komer¢ni vyuziti je tfeba se obratit na autora:

doc. Ing. Pavel Novotny, Ph.D.

Novotny.pa@fme.vutbr.cz

tel: +420541142272

Vyuziti mimo autorsky kolektiv
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Kontaktni osoba
Doc. Ing. Pavel Novotny, Ph.D.

Telefon
+420541142272

Mistnost
A1/616

Prohlaseni

Prohlasuji, ze popsany vysledek napliiuje definici uvedenou v Metodice hodnoceni
vysledku vyzkumu, experimentéilniho vyvoje a inovaci pro rok 2010, a ze jsem si
védom disledku plynoucich z poruseni § 14 zadkona ¢. 130/2002 Sb. (ve znéni
platném od 1. Cervence 2009). Prohlasuji rovnéz, ze na pozadani predlozim

technickou dokumentaci vysledku. O

c. Ing. Pavel Novotny, Ph.D.
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Zakladni predpoklady
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®w Globalni souradnicovy systém — spojen s
vlozkou valce
mx=0vTDC
m y=0vosevalce

_|_
(P‘Z/' +y
Fopdead center (TDC)
|| |

1 + 11 Bottom dead center (BDC)

~
-
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®w Globalni souradnicovy systém krouzku — spojen s viozkou
m X =0 lezi na povrchu vlozky valce

w Lokalni soufadnicovy systém krouzku — spojen s pistem
m X =0 lezi na povrchu vlozky valce
w y = 0 prochazi tézistém krouzku

BDC TDC
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m Globélni zépis: XyZ
m X - globalni proménna
m Yy - nazev proménné / konstanty (muze byt vice pismen)
m Z - pfislusnost

®w Globalni proménna
m S -resi¢ (solver)
m N - nastaveni numerického reseni
w | - vstupni udaje
m R - vysledky

w Nazev proménné
n Cislo - mala pismena
m Matice — velka pismena

w Pfislusnost (v pfipadé kdy nalezi vice skupinam)
H - hydrodynamika

C - kontakty

B - profuk (blow-by)

D - dynamika

P - pist

R - krouzek

L - vlozka valce

0 - olej

A - vzduch
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w X - souradnice

® V - rychlosti

® A - matice zrychleni

w TEMP - teplota

w VOL - objem

®w AREA - plocha

w DIAM - pramér

® H - mezera (mazaci, pratokova atd.)

w B - Sifka (rozméry rovnobézné s osou valce)
w L - délka (rozméry kolmo na osu valce)

=
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w F-sila

® m - hmotnost

w P -tlak

w PC - kontaktni tlak

® PH - hydrodynamicky tlak

m PG - tlak plyna

® radi - radius

® young — modul pruznosti v tahu
W poisson — Poissonliv pomér

=
Pavel Novotny RingDYN - teoretické piedpoklady a numerické feSeni 7138



® num - pocet

=
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m b -rozmeér v ose x
®w |-rozmérvosey
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Teorie RingDYN 2.0

Reseni integrace pohybové rovnice — nelinearni
vypocet

=
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w Souradnice jednoho krouzku (krouzek relativné k pistu)

Xk +1

Yea | = Xk+1
_7/k+1_

=
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-] -
Newton-Raphsonuv algoritmus

w Pohybova rovnice — nelinearni tvar

Mxkﬂ = FIL\I+I1 (Xk+1’ Xk+1)

m Residuum

Rk+1(xsk+1) = I\/I>“<k+1 o |:kN+L1 (Xk+1’ Xk+1)

w Aproximace rychlosti (Newmark)

Xk+1 = L(Xkﬂ o Xk) - [1 _1jxk o (L_leth
PAt p 2

®w Aproximace zrychleni (Newmark)

. 1 1 . 1 ..
Xk+1 - W(Xkﬂ _Xk) _Exk _(ﬁ_ljxk
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-] -
Newton-Raphsonuv algoritmus

w Zakladni vztah — Newton-Raphson

-1
S+ s OR + (Xs+ ) s
Xk+11 = Xk+1 _( Ié)l( Kl j Rk+1(xk+1)

k+1

® Residuum - finalni tvar (Newmark)

s 1 S 1 . 1 . s
Rk+1()(k+1) =M (W (Xk+1 - Xk) _@Xk _(ﬁ_]—ijj_ FIL\I+I1(Xk+1)

m Derivace residua

aRk+1(><f<+l) - M 1 _ aFIL\I+|1(XSk+1)

JAC = 2
ax k+1 ﬁAt ax k+1
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Vysiedek — N-R + Newmark

w Vysledny iteracni algoritmus

1 R (Xia)
ﬂAtZ an+1

-1
Xf<++11 = Xho1 = Oyre [M j R (Xi1)
Rk+1(Xf<+1) = I\/I>n(k+1 - Fli\|+li(xf<+1)

Xy =L (X = X,) —(1 —1])’(k —(l—lJAth
BAL I 2.

. 1 1 . 1 ..
Xk+1 = W(Xkﬂ o Xk) _@Xk _(ﬁ_ljxk
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Vysiedek — N-R + HHT

w Vysledny iteracni algoritmus

1 R (Xia)
ﬂAtZ an+1

-1
Xf<++11 = X1 — Oy [M j R (Xhi)

Ry (Xiay) = MK, (1-a; )R (X)) — 2 RS (X})

Xy =L (X = X,) —(1 —1])’(k —(l—lJAth
BAL I 2.

. 1 1 . 1 ..
Xk+1 = W(Xkﬂ o Xk) _@Xk _(ﬁ_ljxk
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Teorie RingDYN 2.0
Kontakty nerovnosti

=
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W penetrace = p = hs;;,, — hs
m F(hs) = MAX(0,a*(hs;,, — hs)*b — STEP(hs, hs; ., - d, ¢,..,, hs;,,0) * V)
wmd=10c.,, = vstup

Figure 1. Example Illustrating the INPACT Function

Coefficient of Friction

///////:///// / yav. féé’//‘l

The equation defining IMPACT is:

Max(0, kix,-x)¢-=STEP(x,x,-d,c_ ,x,,0)-1) xX<X
IMPACT = ! e 1

X 20X

Slip Velocity

Note that when:

. - . In this simple model:
+ X >X1, no penetration occurs and the force is zero (penetration p = 0)

* % < X1, penetration occurs at the end closer to the J marker, and the force is > 0 (penetration p = x " Bl =g
Also note that when p < d, the instantaneous damping coefficient is a cubic step function of the penetratior o Elvg) =-pe
s x(0)=0

When p > d, the instantaneous damping coefficient is cmax.
. RV =y
Adams/Solver (C++) never returns a negative force for IMPACT. If the above expression is negative, Ada
o gyl =-py
Figure 2 below is a plot of damping coefficient versus penetration.
s pfv) = -signev)-py for vl > vy
Figure 2. Damping Coefficient versus Penetration
s p(v) = -stepdvl vy wy, Ve ) - signiv) for oS S vy

= plv) =stepiv, v, u, Ve, <) for —v, <v v,
“max— =

where:
V. Ship welocity at contact pomnt

Damping ¥ ¢ o STICTION_TRANSITION_VELOCITY
Cocllcient

¥ 4 - FRICTION_TRANSITION_VELOCITY

#, : MU_STATIC

Penctration
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w Zadana funkce popisujici napéti v zavislosti na poméru h/c

= a
-
\E 14 1
E 13 -V|Im V||m
(3]
)
S 22 Vv
¢ o _1

! 0 05 1 15 2 25 3 35 4

h/c

m Kontaktni tlak

b=d+a e—((h/a—b)/c)2

m Kontaktni sila

Fo =7Z'DJ. p(x)dx

X
m Treci sila
F, =aF.f

=
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®w Funkce [F, p]=CTAFORCE()

m Vstupni veli€iny
m X — poloha krouzku vhledem k pistu pro uréeni sméru kontaktni sily
mV
wm h
wD
m COEF - vektor obsahujici konstanty a, b, c, d, c;, o pro vypocet kontaktniho tlaku

w Vystupni veli¢iny
m Fx
m Fy
mp
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Teorie RingDYN 2.0
Reseni profuku pistni skupinou
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® i— poradi krouzku

krouzek |

f—2g
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w Tok plyni malym otvorem - izoentropicky tok plynu
® Tok plynu tenkou mezerou — laminarni oblast (Re <1000)

Blokové schéma

V, - Spalovaci prostor

A, Priiez do pistu

V2 Prostor
h1 Mezeranad | o4 krouzkem
Funkéni schéma [ Krouzkem ¢ 1" &1

V3 Prostor za '
krouzkem ¢. 1

A, Priifez zamku 1, vile ¢,

h2 Mezera pod

krouzkem ¢. 1 v4 Prostor

nad krouzkem
h3 Mezera nad é.2

krouzkem c. 2

V: Prostor za oy .
5 A, Prifez zamku 2, vile ¢,

krouzkem ¢. 2 h4 Mezera pod
““"krouzkem €. 2 |
h V6 Prostor
Mg Mezeranad |24 krouzkem
krouzkem ¢. 3 &3
V. Prostor za Aa oy . .
kr;,)uikem ie A A, Priifez zamku 3, vile ¢,
h6 Mezera pod v8 Proitor
“krouzkem ¢.3 | Pod krouzkem
¢.3
A Prifez do skiiné
V, - Klikova skfin

L
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® Hmotnostni tok plynu malym otvorem (function DMT)

= A pykRT, pro [&j < (i)l

Py

2 K+l

= B[R] pro [Pi]o[ 2 )
" AEM k-1 [poj (po] P [p0]>(lc+1j
® Hmotnostni tok plynu tenkou mezerou (function DMTS)

. h*ap . h
m={p - Pyl
!p( 2udy 2j¢

Ac...efektivni prirez

...teplota

..tlak

...polytropicky exponent

...hustota

...plynova konstanta

...uhel

..axialni vlle mezi krouzkem a drazkou pistu
...radialni rychlost krouzku vi¢i pistu

f—2g
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- Hmotnostni tok plynu tenkou mezerou (function DMTS)

w Theory: Volume flow of axial hydrostatic bearing

: h® 0 h
m= jp[_z_ﬂ&erU EJdgp | Funkéni schéma
o zh®p, 1 Vi
67 In(R/R,) v,
Vs
o 7hp, 1 v,
o1 R Vs
R-2-b
Ve
Hydrostatic axial Oil pressure
bearing i 7 B
I v,
. e
Vy L
R, |b
— >
R
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- Funkce BLOWBY

m Funkce
P=BLOWBY(P,dt,angle,astep,TEMP,VOL,AREA,H,L,DIAM,ANGLEDB,P1DB,p9,GCOEF)

w Vystupni parametry (lokalni veli¢iny)
m P - tlaky v jednotlivych objemech

w Vstupni parametry (lokalni veli¢iny)
wm P — tlaky predchoziho kroku [1:9]
w dt — casovy krok
w angle - aktualni uhel
m TEMP - teploty v jednotlivych objemech [1:9]
w VOL -objemy[1:9]
m AREA - praiezy [1:7]
m HEIGHT - vySka mezery height [1:6]
w LENGTH - délka mezery [1:6]
m DIAM - stredni primér mezery [1:6]
m angle_db - combustion pressure vs. angle data
m pressure_db - combustion pressure vs. angle data
m P9 — tlak ve skfini
m COEF - zahrnuje konstanty (polytropic exponent, gas constant, schall koefficient)

f—2g
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Teorie RingDYN 2.0
Sily od tlakt plynu
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w Funkce [FR,FL,FT,FB] =
GASFORCE(xR,XH,ptop,pright,pleft,dL,dPright,dPleft,IR,bR,bP,hoil)

m Vstupni veli€iny
m XR

m XH SR NS/
m ptop

m pright

m pleft

m diamL

m diamPleft
w diamPright dL dPIeft
m IR

m bR
m bP

m hoil

dPright

w Vystupni veli¢iny
m FBx, FLx, FTx, FBx
m FBy, FLy, FTy, FBy

X

f—2g
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Mezivypocty

® Vnitini primér krouzku
d, =d, -2I,

w Sitka mezery
hright = O’S(bp - bR)_ Xg
e = 0,5(by — by ) + X

f—2g
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- —

Pret T Pro
Fio = | Pt (d d§|eft ) + ey (Iﬁ—ztp)(dgleﬂ - dé )] dR ptop
F,_y 0 |
i I, +
I:Lz :ﬂ.dc Ayz p|ft|yl + plft|| _y1|( yl):| y d 2
d &
- Pright
T pr + pto
FRX =_Z_prgh (df _dsrgh)—i_aleft w(d;rgh d;):| dPleft |
. =0 d -
Ry L /
[ I, +
Fe, = 7d; Ayz Prgni Yi + Prgn I~ y1|( : 5 yl)} pleft pright
| =
I:Tx = 0 -b1 b2
FTy =7 ptodebR
n b b (04
= —7d AXY P X; = 7 {pmpb b ~ Py, 5 } 70 g Py [bl 21 —b, 32}
= 1
Bx — 1
l:By = zd ( pright (bZ - |X2|) + Pret (bl - |X1|))
b, +[x,| b+, |
Fe, :”dl_(pri ht(b2_|x2|) : - Prer (b1—|X1|) I
9 2 2 0 Nim h
N = 3,50
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Teorie RingDYN 2.0
Hydrodynamika

=
Pavel Novotny RingDYN - teoretické piedpoklady a numerické feSeni 30/38



m RE

0

h® op

OX
0

12 17 oX
h® op

OX

12 7 OX

m Substituce

H:E;X:
o}

m Dosazeni

0

oX

(£

Pavel Novotny

P=po,c=

U@h Gh
28X ot

U@h
+V
To2ox !

U oH

v
20X 7
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w Tlakovy ¢len

a (5 aP j ~ §i+1/2 I:)i+1 B (§i+1/2 + i—1/2)Pi + §i—1/2 I:)i—l
ox\"ox )) ~ hy

® Klinovy €len
H

|_2Ui,j Hi+1_ i-1
X ' 2  h

J8,0H

w Casovy ¢len v, je konstantni

=
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m Funkcional

L(P) = Sis2Pa — (S "‘2 )P+ 8P U, H.,—H. v,
hy 2 h

X

m Residum

= §i+1/2 Pi+1 B (§i+1/2 + i—1/2)Pi + 5i—1/2 Pi—l . Ui,j Hi+1 B Hi—l Ry
! h2 2 h Y

X

m Jacobian

J. = oL(R) _ (Sisvr2 +Siarn)

®w Novy tlak

=
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w Chyba
hr/2 hr/2
_[ PNdx — J' Pdx
—hr/ —hr/
€= : hri2 :
j PN dx
—hr/2
m Sila
hr/2 1 n— 1
[ Pix=Z(R+PR)+
—hr/2 2 i=2

®m Smykové napéti

Pavel Novotny
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Teorie RingDYN 2.0
Hydrodynamika axialniho pohybu
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Pocatecni stav Vymezeny stav
D

1 &

right

right

right
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1°7d
Vg >0 FZ—U—ZVR-I-FO
h
3
nl*zd
|:o = 5 VR
hoiI
f Linearizovana
funkce
—] >
Nim hi h
6717
max W R
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