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MATHEMATICAL MODELS OF ARC EROSION
IN ELECTRICAL CONTACTS

Kharin S.N.
KazakhBritish Technical UniversityAlmaty

Mechanisms of arc erosion in electrical contacts are different and depends on the conditions of contact
separation. The first one, which occurs & kurrent with relatively slow rate of heat transfer, involves the evaporation
of material from the contact surface. The second mechanism can be characterized by the formation of droplets of molten
metal caused by high currents and vapor or magnetic peesaua molten metal pool. However, in certain cases it is
impossible to explain the formation of molten metal droplets in terms of pressure only. Therefore a new hypothesis
regarding thermaapillary mechanism of ejection of liquid metal is discusseds Tyipothesis is based on the
Marangoni effect which is important when the temperature gradient along the liquid contact zone and the temperature
dependence of surface tension become significant (tungsten, zirconium, molybdenum etc.). The fourth erosion
medianism is associated with the ejection of solid particles of contact material with distinct crystalline structure during
high current pulses of a short duration. It occurs when thedasiic processes overcome the mechanical strength.

A mathematical modedescribing each of the four mechanisms of erosion is presented. Temperature fields and
erosion characteristics are determined as a function of the commutation regime and the properties of contact materials.
The experimental data are discussed in termshedretical approach with respect to the solid phase and droplet
formation. Dynamics of each type of arc erosion is described, and recommendations for optimal selection of contact
material with minimum erosion are given.

INTRODUCTION:

The arc erosion impening electrical contacts depend on many factors such as the range of
current and voltage, opening velocity, properties of contact materials and surroundings, parameters
of electrical circuit etc. Erosion of electrical contacts at low current due toizapon of material
was considered in many papers [1}4]. It was found that direction of transfer of contact material
depends on the mechanism of electrical conductivity in the arc column and changes from anode to
cathode during the transition from tireetallic arc phase to the gaseous arc phase[H]

It is very important to know information about duration of each phase to provide minimum of
arc erosion due to vaporization. Experimental investigation of vaporization in dynamics is rather
difficult because of very short of phenomena life time. Therefore mathematical models describing
this mechanisms of erosion seems to be very important. Such models of phenomena accompanying
transition from metallic to gaseous arc are presented ini[{D]]. However they are complicated
for engineering application and need to be simplified.

The mechanism of erosion stipulated by gaseous and electromagnetic pressure with the effect
of these and other forces in a liquid melt on the surface has been consid&a®d i no detailed
analysis or method of calculation were provided. Incomplete estimates of surface tension, as well as
convective and electrodynamic forces were given in [1B]4]. A rigorous substantiation of the
hypothesis of the thermcapillary nechanism of contact erosion during arcing was given in [13].

Mechanism of contact erosion in the solid state was treated for zirconium carbide in [16] and
that for tungsten in [17]. It was confirmed that eroded particles have distinct crystalline cleavage
faces. Some approach for modelling of this phenomena was given in[fisg]

This paper is an approach of further development of previous models describing different
types of contact erosion ( vapours, droplets, solid particles) as well as removanmseciof
contact material.

VAPORIZATION:

Mathematical model: Mathematical description of electrical contact erosion in dynamics
due to vaporization has to take into account such phenomena as ion and electron bombardment of
electrode surfaces, electromigsion from the cathode, inverse electron flux and radiation from the
arc column, timedependent electromagnetic and temperature fields with heat conduction, melting
and vaporization. Dynamics of these phenomena has to be investigated in dependenea on giv
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current and voltage, opening velocity, inductance of circuit, properties of contact material and
surroundings.

A general theoretical model describing dynamics of electric arc was presented in [10].
However it is rather difficult to apply this model fpractice, therefore simplified approach has to
be retrieved from the general model without losses of main properties of arc dynamics. It can be
obtained by replacing of differential equations for the arc column, sheath , ionization zone, near
anode regiomwith more simple balance energy equations, while differential equations remain only
for electrodes with given heat fluxes from the arc column.

As a result of arc heat flux a pool of liquid metal forms on the contact surface. Fig.1 depicts
the axial symmeic region D;( h,(r,t)<z<h.,(r,t), O0<r <(t) )occupied by melted metal
and the regionD,((z=0, r 20)\ D, ) occupied by solid zone of electrode. The heat equation for
both these regions can be represented in the form

oT, : .
Cizi oy = dMAVT) + pii° (D)
where C,, 7, 4,0, J;, T;,andt are thermal capacity, density, thermal conductivity, electrical
resistivity, current density, temperature, and time respectivhlys,t)and h,(r,t) are the

isotherms of evaporation and melting,and h, are the radius and the depth of the méltjs the
radius of arc root, index =1 is relatedo the melted zone, while= 2 - to the solid zone.

Fig. 1- Melted (D,)
and solid(D,) regions
of electrode

At the isothermal surface of vaporizatian= h, (r,t) the equilibrium of heat fluxes given as

oT, oh,
Q== +L y,—% 2
an Qf Vyl at ( )
with heat flux from the arc column
2
r

Qa =0 (t) exp(- ) (3)

rA(t)2

where g, (t), L, ,r,(t),and n are magnitde of heat flux at the center of contact spot, heat of

vaporization, effective radius of normal distribution, and surface normal respectively.
The rate of vaporization can be described by the Langmuir law

oh, T B
Nn—-=—=expA--), (4)

N T,
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where T = (22R; IM)Y2, R, is the gas constanM is the vapour molecular weighf\ and B
are the constastof vaporization. If we suggest that portion of entering the electrode heat flux
Q, (r,t) consumed for vaporization has normal distribution along radius

r2

r,(©)°
where g, (t) and r, (t) are magnitude and effective radius of vaporization, then instead of

Langmuir Law (4) one can consider only boundary condition (4) corrected by the subtraction of the
expression (5). fective radius of vaporization in this case can be found from the equation

Q, =q, (t) exp(- ) ®)

T(r,(©),0t)=T, (6)

where T, is the boiling temperature. The magnitudeg(t) and g, (t) are determined from the
energy balance equation for arc column, anode and cathode surfaces.
At the interface sdiace z=h,(r,t) between melt and solid states the Stefan conditions are
applicable
oTy oT. oh

= A, =24l gy M 7
on 2 on m/1 ot ( )
T,=T,=T, (8)

where L, and T,, are the latent heat of melting and melting temperature respectively.

For closing of this system of equations it is necessary to put additionally the condition of axial
symmetry

M =0, ff r=0 (9)
or
and initial ©nditions for the temperature
T,(r,z0) =Ty(r, 2), T,(000) =T, (20)

whereT,, is the melting temperature. The expression 1g(r, z) can be found fronthe solution of

heat equation at the period preceding melting [11].
Results of calculations. Copper electrodes: The calculations are carried out for t
electrodes  with the  current |1 =100A, 300A, 500 A and opening  velocity

V, =0.5 m/sec, 5m/sec, 20m/sec. The results are presented in Fig. £

30 Fig. 2- The temperature
TaTe 10°°C T,(0,t) and T.(0,t) at the center
6,00 1. 12 13 ‘ 6 of the anodend the cathode spot:
5,00 — respectively as functions of
} —3 Cu- contacts.
4,00 s - Foranode:
3.00 j | 17 1=100A, 27 1 =300A,
' // \ 31 I =500A.
2.00 a For cathode:
47 1 =100A, 57 1 = 300A,
1,00 61 | =500A.

0O 02 04 06 08 1 12 t, msec Critical time:
t, =0.4msed300 A),

0.65mseq500 A), 0.8mseq500 A)

26



RYJreuoRC 1 dpmy Ryresf1l [Jr1zruul ¢llcS@mose, 20

Just after bridge rupture the temperature at the center of the anodg, @poy ( Fig. 2)

jumping up to the valué-10°K decreases then during the time less tHehO®sec down to the

values comparable with the cathode group temperatfre 4-10°K ). Herewith the anode ceases

active evaporation, and the arc transforms from the metallic phase into the gaseous phase at the
critical pointst,, of intersection of the anode and cathode temperatures. The current range is very
important because the lesser life time & #mode arc corresponds to the lesser current . Decreasing

of the temperature at the center of the anode spot is a result both of the anode heat flux decreasing
owing to increasing of a contact gap and of evaporation cooling .

Therefore conditions of gearance and evolution of the gaseous arc stage depend on
properties of a contact material such as melting and boiling temperature , specific heat of
vaporization etc.,that have to be taken into account in a mathematical model of a short arc.

Vaporizationof material from the arc roots is also very important for the evolution of a short
arc. The effective radius of evaporation from the anode (X increases with cuent increasing

(Fig. 3) , whiler, (t) for the cathodechanges very slowly .

r,(;10°m
3 Qav (; ch (: 103W
25 3 10

8

2

N

6

15

1 6
—6 443
1 5 2
|2 5 AN 5 4
0,5 1
ST~ ~—
oL |
0
t,msec 0 0,2 0,4 0,6 0.8 1 L, msec

0 0,2 0,4 0,6 0,8 1 1,2
Fig. 3 - Dynamics of the effective radius « Fig. 4 - Anode evaporation losses P, (t) (1

evaporation r,(t) from the anode spc-1=100 A, 2- |I=300A, 3-1= 500 A) and
(1- 1=100A, 2- =300 A, 3- 1 =500 cathode evaporation loss€g(t) (4-1=100A,
A) and from the cathode spot (- 4- 5- | =300 A, 6- | =500 A ),V,=0.2m/sec .

100 A, 5-1=300A, 6- 1=500A). Cc- contacts
( Cc- contacts)

The anode rate of increasi%[ﬂ changes fron®.1m/secto 0.2m/sec and approach 0 to

theend of the anode arc stage .

The curves of the anode evaporation lod3e&) presented on the Fig. 4 rises rapidly for
the first time up to the maximum &£0.1- 0.5 msec and then falls down to zero intersecheg t
cathode curves at the critical points .

The maximum point of the anode vaporization is displaced slightly when the current increases
to the greater time . This phenomena can be explained by the changing of the relationship between
the temperature rat@d vaporization intensity. At the initial stage vaporization energy rises owing
to the sharp increasing of the anode local temperature.This time rapidly increasing jédlius

stipulates an intensive vaporization. After maximum pointéhgperature decreases as a result of
both vaporization cooling effect and decreasing of heat flux from the arc due to increasing of
contact gap. The vaporization intensity is very sensible to the change of the temperature because it
of exponential dependea (4 ) as well as to a current value . One can conclude from the Fig.4
that the anode evaporation comes to an endat t=5msec for the current

| =100 A, while at the same time evaporation for the current | = 500 A is maximum.
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The comparison of the results of these calculations with experimental data [20] showed

satisfactory conformity with the error not more than 20%.
Erosion of AgMeO electrodes: Similar calculations were carried out for silver metal oxide

AgCdC and AgCdC at the conditions : DCI =20A and | =40A, voltage U =14V,
opening velocity V, =0.2m/sec, inductance L=0 and L=50mH. These conditions are

typical for interruption of current flow in automobile area as well as in telecommunication.
The results of calculations are presented in Fig75

2 100 2 100
e 9o
2 / 2 /
0 (? A - 0 47\—1\ A e
o o
3 1 10 <<\1030 10000 3 1 10 <\10:)0 10000
g -100 g -100
> >
()] )
g g
g -200 S -200
Arc length (M) Arc length (1m)
Fig. 5- AgCdC mass variation versus arc Fig. 6 - AgSnQ mas variation versus ari
length L=0.1- | =40A (cathode), 2 length. L=0.1 - | =40A (cathode), 2 -
| =20A (cathode ). 3 | =20A (anode ), | =20A (cathode).3- | =20A (anode ), ¢
4- | =40A (anode). . - 1 =40A (anode).
g 400 3
> 200 1 \\
= 0 E==ry o= S et Ul
S 200 10 > J.L%< HJ.\UJ\X{\\ 10000
8 400 \
S -600 4
; -800 \
< -1000

Arc length (zm)

Fig. 7- AgCdC and AgSnQ mass variation versus arc length.
L=50mH, | =40A.1- AgCdQO cathode, 2 AgCdCanode,
3- AgSnQ anode, 4 AgSnQ cathode

These results are in a good agreement with experimental data[9], [22]. Its analysis enables to
conclude hat in metallic arc phase (short arc length) , which is characterized by material transfer
from the anode to the cathode, the erosiorAg8nQ contacts is considerably small than erosion
of AgCdC contacts both for redige and inductive circuits, while in gaseous arc phase (long arc
length) with opposite material transfer the rate of erosion depends on the inductance. If the
inductance L =0, then AgSnQ contacts have smaller erosion tcomparison with AgCdC
contacts, however for inductive circuits situation is quite different, thus uség&dC contacts in
the case of long arcs burning in gaseous phase is more preferable.

LIQUID DROPL ETS EROSION:
Side by side with vaporization the another mechanism of contact erosion in the form of

ejected liquid droplets occurs in the range of moderate and high current. It is stipulated by
interaction of various forces in the region of liquid metablpsuch as electromagnetic and -gas
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kinetic pressure, surface tension, explosion and spraying of gaseous inclusions inside molten metal
etc.

Mathematical model (1) (10) presented above has to be corrected to take into account heat
and mass transfer inthin boundary layer on the molten surface. The motion equation for the liquid
metal in the regiorD, can be written as

%N.W:ivamﬁ (11)

71
and the continuity equation is

V.V =0 (12)

The heat equation (1) far=1 has to replaced by the energy equation
o, — . .2
Ci (E +V-VT) =div(4,VTy) + oy ]y (13)

while for i =2 it remains the same. Her¥(V,,V,) is the velocity of molten metaP is
the gaskinetic pressureF = (1, /7,)xH is the electromagnetic force, and u, are viscosity

and magnetic permeability.
Additionally to the boundary conditions for the temperature similar conditions must be given
for the velocity

oV,
62’ =0 onthe surface z=h,(r,t) (14)
V, =V, =0 onthe surface z=h.(r,t) (15)

To simplify this problem we can use the radial distribution of pressure as

P=P,-(1-r?/a?) (16)
Using the theory of similély one can derive that the characteristic timefor the heat
transfer phenomena is much greater in comparison with the characteristic tjm#or the

hydrodynamic phenomena. Hence the hydrodynamic parts abthes considered equations can be
solved separately using quasationary heat approximation, i.e. assuming ah,, and h, are

constants for a given timte
Applying the law of energy c@ervation

L 2 Wi |- e s, a7

where the terms on the left hand side correspond to kinetic and potential energy, while terms
on the righthand side represeihe action of hydrodynamic and electromagnetic forces. Using
functional analysis methods the following approach can be obtained

ty _
iV 2|+ v V-V Pde=wy, +w, (18)
0
wheret, is the arcing time, and the expressions f&f, , E, ,W,,,W, are given in the

paper [15].
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The relationship (18) allows the hydrodynamic and electromagnetic forces to be estimated
without solving the differential equations but comparing gaain on the right side of (18).
This equation becomes more effective by replacing redignwith the boundary layer near

the vaporization surface=h,(r,t). Here the temperature and velocity fields at vaporization can
be described by the system of equations

oT, o, oT - N, V. oV
Cpg—=— (A —2)+ , 02,
171 P 62( 1 82) Py or " P 19
v, 0%V, N, 1oF N, puy .
=V 5 e o > +_Jer
ot oz ot ¥, 0Z oz A

that can be solved by numerical methods.
The melting isotherm3 of a copper cathode under the action of arc heat@wxand Joule

sourcewith current densityj are shown in the Fig. 5 for the parameters
Qa = Qo &Xpl-arir?), o =22:10'W/m?, o =3.18-10°m™
j = joexpla;r?), jo=19-10°A/m?, a; =13-10°m™
The dynamics of melting isotherms during arcing is shown in Fig. 8

Fig. 8- Dynamics of melting

’ : 2, 3 > 6 7 8 r,10°m isotherms of convective heat
- 1 2 3 f tlr?fé%r:unng arcing.
A - ;::: = 8:3&22:
e 41 1= 08meec
4

z, 10*m

It enables to estimate erosion in the form of liquid droplets which kinetic energy is greater
than the energy of surface tension.

THERMOCAPILLARY MECHANISM OF EROSION:

Some times it is impossible to explain meaduvalues of erosion in the forms of droplets
due to motion of liquid metal from the center to periphery by the action of electromagnetic and gas
kinetic pressure, especially for such refractory materials as tungsten, molybdenum, zirconium etc.
In this casesrosion phenomena can be explained by the influence of theapbary Marangoni
effect which provokes an intensive convective flow in a narrow surface layer of melting zone
owing to temperature dependence of surface tension of liquid metal.

To take inb account this effect it is necessary to correct the above presented model of
convective heat and mass transfer by replacing of the condition (14) with the special boundary
condition for thermecapillary forces causing radial stresses on the melted surface

oV,  do T,
=— : z=h,(r,t 20
oz T AT, ar (r.0) (20)
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where x is the dynamic viscosity an@r is the surface tension. Beside that, additional terms
E, and W_responsible for the thermmapillary effect must be added in the right side of the
equations (17) and (18).

In this case, the analog of the theroapillary Reynolds number

T,-T :
d—a m_0  the Prandtl numberPr:% and the Marangoni
dTy| au A
number Ma=RePr play key role.
The melting isotherms of melting tungsten for the same above given conditions are shown in
Fig. 9 taking into account therraapillary convection

Re=Wyohoy, / 1, Wi =

o 1 2 3 4 5 6 7 87 10°m
. /1/_2//27;/_’_ tFr:g.g-Me_Iltling Lsot?erms of
s -
L = , a=2-
314/
4
z, 10*m

It was shown in [15] that for tungsten with current densjty 6.45-10° A/m? and heat
flux Q, =3.2-108°W/m? the Marangoni number isMa=1.13-10?, while the rate of thermo

capillary convectionV, at the molten surface reach®&3 m/ sec, thus causing the ejection of metal

from the molten pool by the thermroapillary forces.

Fig. depicts a typical picture of therroapillary waves moving from the center of molten
pool to its periphery.

SOLID STATE TYPE OF EROSION:

Brittle fraction of metallic surface layer caused by thermal stresses generated by high power
current pulses of short duration and concentrated heat sources from the arc discharge

(e; >10’m™?) can also significantly contribute to the overall erosion of contacts as the electric arc

takesthe effect
The nature of thermal stresses is strorgpendent on the current density in the area of the

arc. At the current density0® A/ m? and higher, the temperature rise is due to localized heating in

the region under the arc spot, while at the denkiyA/m? and lower,the surface heat sources
prevail.

The occurrence of thermaastic stresses due to Joule heat sources can be described by the
model based on the same heat equation like equation (1):

cy%=div(WT)+p-jz, (>0, z>0 (21)
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The current density in the case of a pulse can be calculated by solving of the equation for
electric potential distribution in the form [11]:

- _ L
J(lf,Z,t)—Aﬂfr (n 77) (22)

where § is the rate of the current growthf = f (t) is the arc spot radius growing over time, and
. z° +(r— f)2 1/4
L2 2
z°+(r+ 1)

The solution of the equation (21) with the boundary conditions in the form of heat fRt as

entering the contact from the arc is wallown [11]. Using this solution and therratastic
potential, it is possible to find stressmponents. Numerical calculation show that theatastic

stresses according to this model become important only when the rate of the current growth is very
high ( #>10" A/sec for tungsten and >10° A/sec for copper ). In thisase the stress is
highest along the outer rim of the arc spot=0, r =0 ), where densities of current and heat
sources are also highest, whereas in the arc spot center the stresses are considerably lower as see
from the equation (22).

When the surface sources of heat are considerable, the stress distribution is opposite. In this
case, it is essenti al to use a simple spheric
electrode rather than a cylindrical one. Hence, a-tez&tiving spot with radiusf has to be
replaced with a hemisphere having an ideal conductivity with raalitig +/2 , for which entering
heat flux is equal to the value

T (b,t)
or

-1

— Pyt (23)

The principal components of the stress tensor can be determined using thstajicasi
approximation from the expssions

2Ea,
1-u

}sz(xJ)dx—TKrJﬂ (24)
b

1! E 1
o 3 J-XZT(X, t)dx, G, =0, =0~
b

op W/_l—,u[re’

Solution of the equation (21) at the condition (23) is

T(r,t) = bpﬁ[erf (a—p)—2a+ p)-ierfc(a— B)] +
Aa . (25)
4% eXp{—(Of—ﬂ)Z[Q(Of—ﬂ)—Q(O!—ﬂ+§(]}
where
ﬂ:L a=—— QO(2) = exp(z?)-erfcz
2at 2ant’

By insertng formula (25) in (24), we find the stress tensor componentsr, lis the yield
strength of contact material, the condition excluding the fracture by temperature in its simplest form
<oy, le.

yl

is ‘Grr ~C
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Ea, Potob|4p
1-u A |r
where t is the pulse duration.

Let us calculate as an example the theetastic stresses generatedtumgsten contacts as
described in [17]. Assuming

| =&, =1000A, t,=2-10°sec f?=5.10"m,
then b=255.10"m, O1/28)=0.94 , and consequentl)‘!o- =22.10°%g/m? ,

~1-4p%[1-Q(1/ 2B)] < o, (26)

P
that exceeds the yield stress of tungsten, =1.3-10°kg/m?>. The experimentally observed
fracture of contact material confirmed the validity of the inequality (26).

Using the expressiono,, S‘Grr —aw‘ we can calculate the characteristic slzeof the

region exposed to the amh of attenuating thermelastic wave that causes the ejection of contact
material.

W‘, 10® kg/ m?

6

b”—a

Fig. 12- Variation of
stress tensofo,, —o

) \\ . with a-p

— 121108 lel f-m2
O_y—J..J 1U KUY/

(/’(ﬂ‘

/\

0
0.5 0.7 0.9 1.1 13—

As seen from Fig. 12 the inequalityo, S‘O-rr —-o

is valid if «—f<0.65 ie.

9
r —b<1.3at . Hence the fracture of electrode occurs at the depth
l, =1.3a,/t, =1.67-10°>m

It appears that the inequalit2®) can be very useful for calculating the thermal stresses in
contacts operating in a pulsing regime.

CONCLUSIONS:
1. Four different mechanisms of electrical contact erosion may occur at switching of electric
circuits: vaporization, liquid droplets ejectidne to pressure on metal liquid pool, thercapillary
erosion , and thermelastic erosion in a solid state.
2. The direction and the rate of erosion due to vaporization in the range of low current depends
on the duration and tHength of an arc. For short arc of metallic phase, electron bombardment of
anode leads to its intensive vaporization and part of the resulting mass losses is collected by
opposite contact. Material transfer direction is from anode to cathode (anode dominated arc).
Increasing bcontact gap accompanying by increasing of arc resistance and its temperature causes
gas ionization and sputtering of cathode surface by gaseous ions. The eroded mass in gaseous arc
phase is transferred from cathode to anode (cathode dominated arcql @mite of the transition
from metallic to gaseous arc phase can be found using mathematical modelling. It is very important
in order to provide the balance of resulting anode and cathode material transfer during arcing and
minimum contact erosion.
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3. The erosion oAgSnQ contacts is considerably small than erosion A§CdC contacts for
short arcs (metallic phase). In the case of long arcs (gaseous phase} erogigeaC€ is less then
erosion ofAgSnQ for inductive circuits.

4. In the range of high current erosion of electrical contacts occurs in a form of liquid droplets
ejecting from the surfacas a result of interplay of g&etic and electromagnetic forces
exceeding the forcef surface tension.

5. The erosion of some refractory materials (tungsten, molybdenum, zirconium) can be explained
by thermecapillary effect of Marangoni. It has to be taken into account for Marangoni numbers

Ma>10°.
6. Thermal stressesgerated by high power electrical current pulses of short duration may cause
the ejection of contaataterial in the solid state. Joule heat sources play main part for current

density j>108 A/sn?, while arc heatsources prevail in the range afurrent density

j <10” A/ snt. The conditions providing absence of this type of erosion are obtained by use of

mathematical modelling of corresponding theretastic dynamical phenomena during putde
current
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[slsOdzS d 9 Odad j SHdzts d d3j dzdz’ n L OteW ) § dzdz’ n Wiz dzC Y
BsdetsL OtcW y j dzgdzr 7 fsdzd g tede" » G jdzj 2 dadzd CdzkB SS9 ff
o MdzkyOj cdHtetsegjdzj?2 € ko j dzd yJ dzed®hndaf § 0O jS tsdzf dzgf
BOS R dj Sed fsdmMitHdls ko jddyjdd] ©OL&jtss
f sdzd d3j tc O.

lted dzj fsMmtcjHMmise jdedeatsdz oL OdddsH j2Mlseadd tOL datste
MsBdzs HOj kMY  d&sC Odz dats j Edztse dj | dzj Ozs i tsdzizse s C
oL Od®sH | 2MisedY MeEls feds'c:j dz'e qdadetsfjelieds ' ddf ts dzd 34 t6,
fsdzd-dggf tzj 2 dz" 2 fsdzd di3jtc BMlsOs sMw 1+ dzj SElstetsdzj 2 ISteOdzt

sOCdd3 BSBOLd, HIMsOdydtdds 2 +WWjCl Bsyjls
ZOB k- Qdadescd dzj 2, OC d o dLd3jdzjdedd owL Ssflsd o
f sdzd-f3p tzd B4 tedz" = MdMisj BOR .

[ dlsj OO

1. RINMBOddzso © . ., 1 QEeBOHddss uv.s., 1JjClRPMW&o 4idvh.. BIRLO. [ [1 18
22 RMNMBZOddzso © r . ¢. , 1 sktg8e d drthds.ddd/Cs.. 2001 ju3 & . -183.6

. eyjdeSts 1 .1., 1diLdde ¢.1 ., Tl¥HIROdz & F..396/. | MsSsBsd. M H.

4. Bekturov E.AJ/ Sci.Centr. Asia- 2010.- = 1t.56.

5. 1 jCepigoy 2z &ZOHEIdzis Iy (3O d dzis & O jldipzd © L 1cb 167 d.€201Q0-" .3+.108.

6. ulzdzj 2 3] dese R . C ., [ M EBZOHd iz ©w. 5. , stsfdh jo . (IT-, 30l dejd Oy dzts o

¢ &zd5O42007.-1 8 0 1.
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1 E0B®j 20 1 g ZjE@ B O §,0dudS Zd 1

911 O 1 ml ¢l OydodzOdz dzr 2 vy J dzls tdnlg oS, iy fdjLiaisiddedf 2
B HIJyqddzmM S se s dzOL dzOyJ dzd W d ¢ dgdsORI0UEHO s 5ls © ded €
e-mail: kalamkas33@mail.ru
]sOLOAMEd2 1 0ydtsdzOdz dz'-RO to QdpiCisfid Is i Is  d 3.
1 - E. J. IRstitstecdChernistry, and Dr. Panjwani Center for Molecular Medicine and Drug
ResearchUniversity of Karachi, Pakistan

1 f j tce ' Burotid ceratoidesL. 8 ' H j dzj dz detsor | dzdc dzOdzs 9 M | fidslo i@z f ts dzds & dzC
EMlsOdzso dzj dz Ctslsf dzj SMsds sHWO Mg tedah - B lssp oz @dzOEd NP J S Is

ltedtesHdz § dzd 6 dzOdz ftosweodzwe Is tcOL dit]ydzle € dzis &k
ftoslsdotsctcdB Ctso 28 ftoslsdotsosMf OdzdIsj dz' dzlz ¥ Odzls d
o[t WisW¥ sHd! Misj oL, d dzc @@ tef Jods@ Pdiafl |  dfiEaifiefiafidn O
Odzlsddzj 2 ¢ j By M kze , Odzlsd ts€ d H Odzls dzlz © d ydbslstst
tcOMC sdZ@-8)y 1 lsts ftej HMIsOQodzw jIs M2  slsj dzyd Odz! dzg

A j dz2defdzi H oo @iExdMinfisvO dzts o~d jdgdduyj] &S EEPLE L O- Mis ©dzMm €
9 d H tEarotia ceratoides (Is j t€ ji fge 56 ts 9  H[dZulbtia Ewersmanniana(ls j t6 4§ M J dz
C o j temdgQdds) 2ChdnepGdeaced8d].

Ji1evorr 1R trYvfRudus ]l (61 Ju3

] jhjfistptsj HiNlsOo dzw jIs-y b ts? MHefpslztsj o jh jMise s,
195, 2 0% (- BRsttsW steds: d3j sOdetsdz, 9. 3: 0. 7) .
] Ry JiSltej bDGzOEgp O sMv §sdsi’ ¢ dkeB) ddw
Bj dzL szt dz' A7 19484k, ( HF S RO Hbv OMMd &ij Isigdaljdgs dn
5B dzOMls el 21(219]1 Inhlke Odzj dals dzr j[ 1S tsedzj B EOA Y d ©(O1 RADF X fpds u
sefp®d (3P08 M3

] uvan M jSbkte] ftwsfdmnod BPU=MdiRzdr) {dod?#233,56 6
6.94); %, +0.05 €0.039 [ J.{1

[ tsdzj S &z dzv todz 2-fff ff SHIREIMSIOAWL 8 . 1 6,118), 210f(16), 180 (64),
137 (100), 121 (zlsads thdsBdpQi.lsmisokzjls B o

[ ilstsH ORI tsH dztsd3j todztl2d R J § Is totg ) GO C Is j e L 59 O
90 ¢ tB3Cddd e@ds |

JMHceft MyiShkte] OBz HOdd f)! M8 d&zO& dupB . d &z i |
Bz dz' Is d § HABIHEB"; titelAs Is b thztf-7 wf S5 ztsy j dzd §i4.14 pris)B deO figls. r.s6  d3. H
C7):BjIsd dzdzr 2 -Jtelsts@dENB hE). H( IsOB &zd yO @&j Is ¢ drfndzezsC |
Stk §r -9 fitcats fud Odz i4.81 (8 zOMk d6 ,H-98). 3d 9 6§ ddz.Js. (
11.6,4 . 7 HOW),, O UB.8YGHH, J= 12. 0, aH. O 43y, d@®d= kL R. 0( 9.0
9aHy). ! tetslstsedy fletsf dfmr o @6 lsH4 Ricd. o odHj bkh dtej dzdzts
19), 6.83 ¢, J= 8. H-5)fy, 6. 7 2brddd.=H .8 . (H-6) Yy ,HAMs e L Od3j " j dzde"
BjdzL sz dz' 7 Ctsdzj y s jolsz0©@as0 d&3j fr jdmedz 15, 3B, j4dzL5teR! dzf A
H-6 ' W6teds 2 5. H. (

st IstEts, fdzj HEjls tldijlsdls: odzdwdsd j OdzdL
Otcd dz dzes?2 G-zt f sdzisy jEedsdEd-Hedz® BB 2 dzOB dz¥ HOJ Isfyw o
MY jSlste 4§ 6d Isds.GHH.O, € OC ) d G7d20 dzdz@ BedssIsHS@EOs i & fydf
LOZd BOjIs { CoObtstodDI® dets] § tsdztsy jdedj |
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[ jlstsHisds DEP-TMiig Cisfeti t©BdQiozagdd 01 d 7 yjlse
Ost®se E6H/MBISPIS i jCIste] S OL Odb s mlstsd Is odjLh j H
WiztosW ZtcOdatse ' 7 MistelzC sz tods R¢ tjtatadj ddzifus iz j tis] @i CHA ol
CH(O)i®CHi ‘'CHi d  H tc EOE%ERLI®EHI " EHO)I ylsts fMmoadHjlsjdz fMilse iz
Hist tsdzdzd Is | dz' dats ¢ s3ACEa)z) to s dztedz€ S@IKBE dzd ¢ dz0dzO. [ O dzdz
HISSC OL Odzs  H o Iz d3jHBBC digj ifdd CAE7OBIC92, O s OS abl, Sk, z A ¢
qdC-8 Q9.

NOESY-cf j SIste fCOL" 90jls € tote] & Y& HBHH HF9a 4o s Is t
d ®Wmlm, ity sfiasy dlsjd des R OLOSIsjtedL 27, 68 tc Offff kD Yy j
BHds?2 fdsmSsmisd (€ O¢ -7k thYy s JCpEdss s s g2l 4 8 q H o3.
o jh jMmbofpdzj HIzjUsO dfitew Bsets OddL st dzsets 1 W W
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[ sdzj S kzdzv todz 2 ff jfHRE M Qi) fi) pn@z5 4 4 *, 6)[502 (7), 484
(4), 460 (7), 387 (4), 179-%cltDdBhedj0h31 (90),
¢ d to d dz¢ O to(R)- «f AHtEYd SME®H, Xmay,  d2CB) : 235. %), (7.34), 2
R MY j SKBrE3mag cd3’) 3474br, cds', 1592.4- 1424.2cd3";
"H-¢c [ 1 (CDClL, 6d3. HU. )3, 8 %) ;( [Uum,3 ;8NBB); 4,74 ¢, J=, H-7 NjI7); 4,09
4,28 (m, H-9/H-9 Nj)
¥c-cft: GOG®&\CH. ) :C1t B02,8 ®2); (47,2 C-3); 137,8(C-4); 147,2 C-5);
102,7 C-6); 86,1 C-7); 54.4 C-8); 72.1 C-9); 131,9 C-1); 102,5 C-2); 147,0 C-3); 137,8 C-
4); 147,2 C-5); 102,7 C-6); 859 C-7);543€C8) ; 56, 2; OG®BL:;3; 56, 402 (
[ Offiff j Smiz®%18.1616 M*] [15].
[ J 6dHtcidjSexfdlzse ¥ 2 (B dz{Uf € 00 € 0.1, MeOH) , Isj B j 6Ols
tcOL dztsy j e2§PUp2 05
H-¢ [ t (CDCl, 8, a3V wy) , '8, H-8)03,88 (B s, OMe), 3,94 (H, s, OMe),
396 (H, 3,94, % ,dpI57,9HT), 570(H,s, Otctiz®ls.6 1 d JEH7,5; 8,5
1 YyH-8), 6,90 (34, H-2 ,-% ,-6), 7,05 (H, d, =1,3,H-2 Nj) , H7d, EB3,H6INj) , H7d, 40 (
J=17,5H-7 Nj) , H9d, J68&5,CHQ);
¥c-c [ t135,4 (G1); 109,6 (G2); 148,0 (G3); 146,5 (G4); 115,0 (G5); 119,0 (G6); 88,1
(C-7); 53,5 (G8); 64,0 (G9); 130,5(C-1); 111,8 (G2); 145,0 (G3); 152,8 (G4'); 128,5 (G5');
114,2 (G6'); 154,5 (G7'); 126,5 (G8); 193,5(G9'); 56,2; 56,1(OCH);
[ Offifif j SIste ( S r/z3567MI] (40)) 338 (50), 323 (35), 151 (40)37 (100)[16].
[fedHicHjedHtesHR Hizd EHtad @S + 5.5 € 0.18, MeOH),
Isj B j tOlskztcO oAy j dad W 2009
"H-c [ t(CDCL, 8, &V wy): 6,30B3,H2AN;, 6 ,dd 0=8,§911,83H-6);
6, 86 d,(0=8,09,H-5); 6,67 (H,s H-2 Nj) , Hos HBBNj)(;1 5d,B448KH-1) ; 3, 94 (
dd, J=10,91; 4,42H-9a) ; 3, 8d8J=10,911 6,02H-9b), 3,87 (H, s, OH-9); 3,85 (H,s, OH-
9 Nj) ; H3t,JBRLH-2Nj) ; H3Im, B-8); 2(6G (H,t,H-7 Nj) ; Hlm, B-& Njj 2
¥3c-¢ [ t135,0 (G1); 109,8 (G2); 148,2 (G3); 146,8 (G4); 115,1 (G5); 118,4 (G6); 87,01
(C-7); 54,9 (G8); 68,1 (G9); 129,0(C-1'); 115,0 (G2); 141,8 (G3); 145,2 (G4); 140,8 (G5):;
114,7 (G6'); 35,2 (G7'); 31,8 (G8); 69,1(G9); 55,9; 560(OCH);
[ Offff § Clste ( Sr/z3607M"] [17]. ) ,
i edHtesH dS sdad W j to@)ddispp BRj A sfmsO w@i2tsy j dzdw 2 1 (
Y¥c-¢ [ t137,6 C-1); 108,3 C-2); 148,1 C-3); 146,5 C-4); 114,1 C-5); 118,7 C-6); 87,1
(C-7); 53,6 C-8); 64,0 C-9); 131,2(C-1'); 110,5 C-2); 144,5 C-3); 153,4 C-4); 127,6 C-5);
114,1 C-6'); 131,1 C-7); 126,7 C-8); 63,7(C-9); 56,0; 56,2 QCH) [18].

Csal (tRI[1LUG[?1v¢C Y OuU?

r dzwe r H j dzjodpd v figds[ec dzO dzth)ds & ¢S t$ fladEurotia ceratoides d Eurotia
Ewersmanianatl tc d d3J dayjdsisd r MJIAI LC-908W), d30 te 9Ad Gel. SH.04315-SIL
fsHody @B L s totsf etz 2

l sL HEMREASEE d2ZOHL j dBdzz dG3OMME tOMmls dBujota'( dets ¢Gts ) M *
LOdzd o O Is d3zBREB@AsEilsud dzd J I[stej nls dptieds IS | dfthejff ts O lasizitaizC
OB tcOB OIs’™ 9 O Is ¥ igzis®udsdAs d3d ¢ sdzyj dzlstedtelze Is H s
] sdzlz yj dzdzr 2 d3d Is O dzts dff sty ) H B o€ Andsjtedd Agtsls 1 1€ ldnds de@ng j 460
n Iz to s W ts tzmils IR0 dits dzts d3.

Clsd dzOyj IsOlsdzr 2 1 CMisteOC s Mmd3j 2 afdzjOds Is ( H OE@A Is dgo
nlzstesW ddzse, Mdi3sdz d Httkzednr ddisWdd dra oJjhjMmlse
LW tets a3. Il sdzyj dzdz' § 1 CMlstcOCIsT ~nlosROIssctcOW qtolz b |
Ldzs jdes©O MdMmlsj Bz tcOMlseo steseo 1§ j Istcts dzodals’'d?2 o1 Wedde : dzdls
Metslsdesh jdzedwrn, §ftdkzEyOsls 14 Wtt@®Cyd?2 §H Emdse dzr

ANeOC yds 1 fJtod ntesd3OstsctcOW dJelze Is dz0 Mddzd ¢ O6
tcOL dzd ydzr » Mstslsdztsh jdzedw e ) fsdzkyjddjdd 19 tBi jHJ
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RL WttOSydd 19 o3jlstsHtsds 2] 5roa din S detsof oz 2W O WS to
9jhjMmlsoa O dzdc dzOdzstsc tf Rzt s REBE W Gxlg'dz, f R dsddz, 40
3E_Sh %%gz OO[ Mssise § M) & j GR@z&c §3 (45¢. 48] 4438 ) 13 dsc. )0, o3¢ )

94 hy 9 0.

v OB dzd yo 1
'H-d°C ¢ fmylister o j1qi0H ke OMIOWH) JdMILBT) o zCDCI

ad3. de9 , | Y
4 ] jhjfise ts ] jh jfBe s
u_ (1 Jo 1y u (+ u (1 Jo 1y u (+
1 - 134.3 - 136.1
2 6.94 br.s 108.3 6.95 m 122.4
3 - 146.6 - 150.7
4 - 144.8 - 139.3
5 6.83 d (8.0) 114.1 6.93 d (8.(8) 111.3
1 2 3 4 5 6 7
6 6.72 br.d (8.0) 118.7 6.88 br.d (8.0) 119.0
7 4.11 br.s 87.0 4.58 m 80.8
8 3.06 br.s 54.5 3.04 br.s 54.3
9 4.97 br.s 725 6.06 br.s 73.8
9aH, 3.89 |dd, 12.04.0 60.5 4.43 dd, (11.2 6.0) 62.6
9a-Hy, 3.46 |dd(12.0,9.0) 60.5 4.21 dd, (11.2 3.5 62.6
1’ - 131.2 - 132.0
2' 6.62 s 102.5 6.49 br.s 1026
3 - 153.3 - 1533
4 - 137.6 - 137.2
5 - 153.4 - 153.3
6' 6.62 s 102.5 6.50 br.s 102.6
7' 476 br.s 85.8 4.69 d (6.0 85.8
8’ 3.11 br.s 54.4 3.04 d (6.0 54.4
9a 431 |dd(11.6,6.3) 4.25 dd (10.5, 6.2)
9b 396 | dd(11.6,4.7) 72.0 3.89 dd (10.5, 4.0 72.0
55.9 3.72 56.0x2
OMe 3.87 56.X2 3.78 55.9
OAc 1.96 20.7
OAc 2.2 20.8
OAC 2.19 21.1
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