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Abstract— In a smart radial distribution grid (RDS), distributed
generators (DGs) will be more prominent. The addition of the
DGs changes the topology of RDS, causes bidirectional power
flows and contributes to fault current levels. This may result in
unwanted tripping of existing overcurrent (OC) protection
devices and in permanent outage of a large number of
customers. The increased penetration of DGs requires a smarter
protection that considers all the network flows while optimizing
the system assets. This paper presents an approach that
modified an existing overcurrent protection scheme to reduce
the number of customers’ affected by faults in RDS with DGs.
The modified approach involves predefining protection zones in
RDS and installing directional OC relays and circuit breakers at
the zonal boundaries. Zonal boundary relays determine faulted
zones by sharing information on the direction of their detected
fault current using binary bit signals over a radio frequency
communication medium. The approach was verified through
simulations using EMTP™/PSCAD®. Results from simulations
showed the selective identification and isolation of faulted zones
while allowing some of the DGs to continue to supply the
unfaulted parts of the system.

Index Terms-- Distributed Generation, Directional Overcurrent
Protection, Radial Distribution System, EMTP™/PSCAD®

I. INTRODUCTION

In North America, most power distribution systems (DS)
are designed and operated as radial circuits. The protection of
these radial circuits is designed under the premise of a single
power source feeding a network of downstream feeders.
However, in a smart distribution grid, more distributed
generators (DGs) will be connected at various locations close
to loads. The addition of the DGs changes the topology of
radial distribution systems (RDS) and causes bidirectional
power flow. The bidirectional power flows affect overcurrent
(OC) protection in RDS. Overcurrent protection practices in
distribution systems involve the selective coordinated
operation of many devices such as relays, reclosers,
sectionalizing switches, and fuses.

Depending on the location of the DGs in the RDS, the
short circuit current seen by these devices can increase or
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decrease thereby affecting their reach of protection. This can
cause unwanted trippings and mis-coordination between the
protecting devices and the protected devices on the system.
Thus, the selectivity and security of OC protection systems in
RDS can be greatly affected in the presence of DGs. Several
researchers have dedicated significant efforts in investigating
the impacts of DGs on OC protection schemes in RDS [1]-[5].
To address the array of protection complications that DG
presents in RDS, researchers have proposed solutions that
range from the use of fault current limiters, [6]-[7], to
microprocessor reclosers [8]-[9] as well as adaptive protection
schemes.

In [10]-[12] an approach is presented that minimizes the
number of customers affected during faults while allowing the
DGs to continue to supply the unfaulted sections of the feeder.
This is achieved by dividing the distribution system into
zones. The zones with DG have their load demand matched to
the available generation capacity so that they can operate as
intentional islands. The zoning schemes rely on one
computerized central relay to control all the breakers that
separate the zones.

Cyber security issues are of a major concern nowadays due
to the increased dependency on computerized technology and
the eventual evolution of the electric power grid to the smart
grid. The reliance on the central relay can cause much harm in
the event of losing the central relay due to a cyber-attack or a
malfunction of the component. For example a denial-of-
service attack on the central relay will produce a delay of the
operating signal transmitted to the circuit breakers. Thus, it is
prudent to be able to perform the same protection functions
without having to rely on one central component. By
decentralizing the control of the zonal breakers, this work
aimed to eliminate the single point of failure that the central
relay presents. This is achieved by allocating one directional
OC relay per zonal breaker, and each relay shares its fault
current direction information with other relays using binary
state signals. The shared information is then used by the relays
to decide if a trip or block signal should be issued to their
respective circuit breakers.



The paper is organized into five sections. Section II
presents both the existing and modified protection schemes;
section III gives details on the test system used to study the
modified protection scheme; verification and performance of
the modified scheme is presented in case studies in section
IV. Conclusion is given in section V.

II. PROTECTION SCHEME

A.  Existing Protection Scheme

The protection approach presented in this paper expands
on the work of [10] and [11] that used a zonal concept to
isolate a faulted area in RDS with DGs. The zonal concept
has the property of limiting disturbances to a confined area of
the network. This is essentially important in RDS where the
clearance of a fault should be as selective as possible. In [11],
systematic procedures for the formation of zones on a radial
distribution network were outlined. The zones in [11] are
formed following the steps listed below:

1. One zone is considered for each DG. A zone starts
from DG bus and extends towards the end of the
feeder.

2. Coverage area of a zone on the feeder continues
downstream of the feeder until the DG’s capacity
matches the total average load within its zone.

3. In the course of a zone’s expansion towards the end
of the feeder for a given DG, if a second DG is
encountered before exceeding the balance between
the first DG’s capacity and the total average load,
the second DG is regarded as part of the first DG’s
zone.

4. A zone’s coverage area is extended upwards in the
event that the zone formed by the DG reaches the
end of the feeder and the DG’s capacity is still larger
than the total average load located in the DG’s zone.

Once the zones are formed, each is separated from the
other using circuit breakers which are controlled by a central
relay located at the substation. Each of the breakers is
capable of opening and closing based on the received signals
from the central relay and has a check-synchronization
function. The central relay houses a look up table that is
acquired through offline calculations. The table contains the
current contributions from the main source and the DGs for
all fault types and locations in the network as well as the
current through the laterals. Online measurements of these
currents are compared by the central relay to their
corresponding offline values in the lookup table to help
identify the faulted section and, consequently, the faulted
zone. Following the identification of the faulted zone, the
central relay sends tripping signals to the appropriate breakers
to isolate the zone while the remaining unfaulted zones are
operated as intentional islands.

B.  Modified Protection Scheme

The modified protection scheme proposed maintains the
approach for forming zones as previously discussed. However,

the established zones are separated by a zonal boundary
protective element (ZBE) that comprises of both a directional
overcurrent (OC) relay and a circuit breaker. The directional
OC element is composed of both negative and positive
sequence elements. The negative sequence element operates
for unbalanced faults while the positive sequence element
operates during balanced faults. The control of the breakers
separating the zones is decentralized by eliminating the central
relay in the methods of [10] and [11].

The directional OC relays at the respective zonal
boundaries control the associated zonal breaker. The
individual boundary directional OC relays communicate with
one another on the direction of the fault current using binary
state signals. The shared fault direction information is used by
the ZBEs in a directional comparison blocking scheme to
decide a trip or block operation of their boundary breakers The
use of binary state signals, initially proposed by [13], reduces
the amount of information communicated across the channel
to neighboring zonal relays. A full duplex communication
channel is required so that messages can be sent independently
in both directions between the ZBEs at the same time. The
choice of a communication channel and channel equipment
may introduce delays and that may have adverse impact on the
protection and control of the ZBEs. To reduce the delays, it is
suggested that a dedicated fiber optic channel be used as it has
the least end-to-end delay of any communications channel and
has a very low data error rate. This will also overcome the
problems of ground potential rise and interference problems
encountered with metallic cable.

The communication between the ZBEs must take into
consideration the scale of the network as there may be
redundancy in the communicated information. For instance,
zones separated by two or more zones may not need to have a
communication link. This is because the relays of the inner
zones may have already communicated the correct fault
direction information to the relays in the end zones. Two
adjoining zones whose relays produce an incongruity on the
direction of the fault current provide an indication of the
faulted zone. This faulted zone detection is made by the relays
at the boundary of the zone by utilizing the fault direction
information received from the neighboring zone relays. Once
a faulted zone is identified, the relays at the respective ends of
the zone proceed to trip their breakers. Within a faulted zone,
the local protection of the DG trips the DGs to prevent them
from sourcing the fault following the tripping of the zone’s
breakers. This means that zones downstream of the faulted
zone will be operated as intentional islands and the zones
upstream of the faulted zone will be energized by the grid and
any DGs that may be present.

III.  TEST SYSTEM DESCRIPTION

The selected system for testing the modified protection
scheme was the IEEE 34 node radial test feeder [14]. The
IEEE 34 node test feeder was revised into a multi-feeder
system that preserved the structure of the original test feeder.
A dual bus substation configuration was adopted. For
simplicity and reliability reasons, the multi-feeder was
constructed as two single radial feeders that were connected
by a normally opened switch at node 800. Five synchronous



based DGs were introduced on the modified test feeder; three
on feeder 1 and two on feeder 2. The DGs were placed both on
the mains and on the 3-phase laterals of the multi-feeder. The
DGs on feeder 1 were connected at nodes 840, 848 and 854.
On feeder 2, the DGs were located at nodes 858 and 862. The
feeder component details are given in [15].

The multi-feeder test system was divided into 7 zones
following the zone procedure discussed earlier. The multi-
feeder with the zone divisions is shown in Fig. 1. Four zones
were formed on feeder 1 and three zones on feeder 2. Each
zone was separated from the other by a ZBE comprising of
the directional OC relay element and a circuit breaker. On
feeder 1, the ZBEs were designated as CB1, CB2, CB3 and
CB4. For feeder 2, CB5, CB6 and CB7 were the assigned
description. Zones with DG had their load demand matched
to the maximum available capacity of the DG. Individual
ZBEs were installed at the end of the zones. The
communications links are illustrated at the bottom of Fig. 1.
An all-to-all communication scheme is utilized between the
ZBEs.

IV. SIMULATION CASES AND RESULTS
The multi-feeder test system was modeled in
EMTP™/PSCAD® [16]. The operating ranges of the

directional elements were set as defined in the appendix. A B-
C fault was applied at 4 s on the line segment between nodes
808 and 812 on feeder 2. With the fault being unbalanced,
feeder 2’s negative sequence directional elements of the ZBEs
are analyzed. Fig. 2 shows the impedances by the negative

The impedance of CBS5 decreased from 2.63 Q to -1.73 Q
during the fault. CB6 impedance value increased in magnitude
to 10.31 Q. The impedance value of CB7 also increased to a
steady state value of about 16.81 Q. Based on the measured
impedances, CBS5 detected a forward fault while CB6 and CB7
both detected a reverse fault. The directional status of the
zonal elements is represented in Fig. 3. It is seen that CB6 and
CB7 changed their active status (logical 1) from forward to
reverse during the fault at about 4.05 s and CBS5 active status
stayed as forward during the fault. With CB5 and CB6 being
the zonal protective elements that indicated opposing fault
directions, they both tripped their circuit breakers to isolate
zone 5, which is the faulted zone. This response is shown in
Fig. 4 where both elements have their circuit breaker trip
status at level “1”. The tripping of CB6 also ensures that DG4
does not continue to supply the fault. Since the breaker of CB7
did not trip, zone 6 and zone 7 operated together as an
intentional island.
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Fig. 1 Multi-feeder with zone divisions
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A.  Exhaustive Studies of Modified Protection Scheme

A series of test cases were simulated for different fault
types at different locations in the zones on both feeders. The
fault locations within a zone were selected to span faults on
the main feeder and on laterals. Faults on the main feeder were
selected to be close to the entrance of the zone, at the middle
of the zone, and close to the end of the zone as possible. The
results of the directional boundary relay fault detection for a
number of the staged faults are summarized in Tables 1-7.

Column 1 of each table gives the line segments on which
the faults were staged. Column 2 shows the fault types
simulated. Column 3 indicates the monitored ZBEs negative
sequence and positive sequence directional elements. The
measured and expected impedances of the negative sequence
directional elements of the individual ZBEs during the fault
are shown in columns 4 and 5, respectively. Columns 6 and 7
provide the measured and the expected angles of the positive
sequence directional elements during the fault. In columns 8
and 9, the indicated fault directions of the ZBEs are given. A
“1” for either column 8 or column 9 represents the established
direction during the fault. The last column shows the ZBE
breakers that opened to isolate the faulted zone.

Table 1 shows some of the select fault cases in zone 1.
Detailed fault studies are presented in [15]. The zonal
boundary elements with one asterisk signify conditions where

the measured quantity for both the positive and negative
sequence elements did not corroborate each other on the fault
direction. However, by letting the ultimate direction decision
to be made by the appropriate sequence element based on the
fault type as presented in the modified protection scheme, the
correct fault direction was identified. For instance, in Table 1
an A-N fault between nodes 820 and 822 caused the negative
sequence element of CB2 to indicate a reverse fault (positive
impedance) while the positive sequence element detected a
forward fault (angle in forward region). The erroneous
indication by the positive sequence element of CB2 was due to
the relatively long distance between the fault point and the
DGs. Again, because the fault occurred on a single phase
lateral, the substation still supplied power through the
remaining healthy phases of CB2 thereby making the positive
sequence element recognized the current as forward.
Nonetheless, for unbalanced faults, the negative sequence
element had priority over the positive sequence element
thereby issuing the final direction status as reverse. The
assigned priority reverses for balanced fault. Thus, for the
fault type simulated between nodes 812-814, the positive
sequence element had the highest priority.

Table 1 Zonal Boundary Elements Response for Zone 1 Faults

Negative Seq. o Zonal Boundary
Zonal Element Imped. Positive Seq. Element Element Indicated
Fault | Fault Boundary Oh Angle (Degrees) Fault Directi CBs
Loc Type Y (Ohms) ault Direction opened
- Elements
Measured | Expected | Measured | Expected | Forward | Reverse
CBl 172 =0 343 <162.9 1 0
820- : CB2* 724 =10 50 <-1731 0 CB1
| AN - -
82 CB3 211 =026 14758 | =<-1731 0 1 CB2
CB4 1771 =021 7605 | =-1731 0 1
CBl 7.1 <0 74.66 <162.9 1 0
808 | 5o CE2 234 =10 16824 | <-1731 0 1 CB1
810 ) CB3* 1291 = 0.26 7200 | =-1731 0 1 CB2
CB4 71 =021 11816 | =17.31 0 1
CBl ER7) <0 76.51 <162.9 1 0
AEE CE2 787 =10 14006 | <-1731 0 1 CB1
g8 | - CE3 3036 = 0.26 1885 | =-1731 0 1 CB2
CB4 19.1 =021 12033 | <1731 0 1
CBI* 245 <0 w02 | <1620 1 0
812 | uge CB2 163 =10 10863 | =-17.31 0 1 CB1
BEN I CB3* 0.25 =026 13400 | <-1731 0 1 CB2
CB4* 0.115 =021 718801 | =-1731 0 1

The results for a sample of zone 2 faults are shown in
Table 2. The element with double asterisks in this case
represented a scenario where the priority sequence element
failed to produce any change in its value for a fault within its
region of operation. The AB fault in Table 2 represented such
a situation. The fault type was applied on the secondary side
of the in-line transformer and as a result the generation
sources could not contribute much to the fault current thereby
affecting the response of CB2. Nevertheless the exchange of
binary bits information among the various zonal boundary
protective elements on the direction of fault current ensured
that the proper faulted zone was identified and eventually
isolated.

Table 3 and Table 4 provide some of the fault types
simulated in zones 3 and 4, respectively. Again, the elements
with one asterisk indicate the case where the positive sequence
and the negative sequence directional elements did not agree
on the fault direction. However, depending on the fault type,
the high priority directional element determined the fault
direction. The double asterisks also show a scenario where the



appropriate priority element failed to produce any change of
its value to indicate the fault direction. Nonetheless, the fact

Table 4 Zonal Boundary Elements Response for Zone 4 Faults

. . . Negative Seq. . Zonal Boundary
that the installed boundary relays exchanged fault direction Fauk | Fau | 2ol | Flement Tnped. P g™ Elment Tndicaed | g
. . . . Loc. I\pE e - ms, ault Direction Dpened
1qformat10n allowed for the tripping of the correct zonal Sl preery Fey Evmmmmry Eoery oy E—
circuit breaker. CB1 174 =0 76.3 <162.9 1 0
245 | = 508 =0 5653 | =169 1 0
Table 2 Zonal Boundary Elements Response for Zone 2 Faults e | AN ATEE B T R D T CB+
B4 235 <0 5ai8 | <1620 1 0
Negative Seq. e Zonal Boundary CB1 173 0 77684 162.9 1 0
Foutt | Famte | Zonal | ElementTmpea. | Posifve Seq-Element | gyt Tngicated | op, = - Z il L
. Boundary (Ohms) Angle (Degrees) Fault Direction 844 CB2 -3.18 =0 98.47 <1629 1 0
Loc. | Type Elements opened 246 BC 3 3 3 2 7310 73 B4
T e e o T CE3 3332 | =026 | aB2 | <] 0 1
A pﬁC[ Measun IPEC[ OrWart EVETSE
CB4 136 =0 5201 | =169 1 0
CEI NED =0 7678 | =w2e| 1 0 -
a — — — — - ~ P CEI 5 =0 7665 | <1620 1 0
821 cx = d il = CB3 w6 CB2™ 183 =0 50 1629 0 1
333 CB3 4027 =026 | -18057 | <-1731 0 1 CB4 AB CB4
848 CE3 28.22 =0.26 -200 <1731 0 1
CB? s | -02 | 1 | =05 o 1
: B4 578 <0 5ag | <1620 1 0
CEI EEE =0 G017 | =weee| 1 0 - — — -
we | o [ | 16 =0 a5 | <1620 | 0 I = cBt sl =0 BN MR 0
wo | CB: o1 | =02 | o6 | <1l 0 1 CBt B2 | amew = 162 i SR T ! g CB4
B2 1878 | =021 5 <1731 0 1 CB3 o6 Zox LA B ? L
— — - —T ~ CBa* 0012 =0 1520 | <1629 1 0
3 T > s S CE2
B ac c;; 1:) ;Dﬁ sff; = 115‘91 g 1 CB3 Table 5 Zonal Boundary Elements Response for Zone 5 Faults
3 362 =02 ) =173 CB4
CB? 038 | =021 | 18 | =151 0O 1
T = — > Negative Seq. Zonal Boundary
CBI 243 <0 7036 | <162.9 1 0 Zonal Flo g, | Positive Seq. Element | (08 EHEC S
N o e = T Tl T 0 CB2 Fault | Fault | g vor P Angle (Degrees) p— CBs
ss’ﬂ ABCN — — — CB3 Loc. | Type | Foumday (Ohms) FauktDirection | o0
CB3 057 =026 12888 =731 0 ! CB4 Measured | Expected | Measured | Expected | Forward | Reverse
CE L o = =L 2 L CB3 1714 <0 7051 <1629 1 0
808- . — = — CBS
Table 3 Zonal Boundary Elements Response for Zone 3 Faults s | BN ng 15*131‘ >gJ‘1 — 12 = i 3 g i CBé
7 252 | -0 | 20 | =103
- B> 178 <0 ] <1620 1 0
Negative Seq. Positive Seq. E1 Zonal Boundary 952- - - CEBj
Zonal Element Imped. psirve Sed. B EMENt | Flement Indicated vl e CB6 1201 =032 | 15136 | =113 0 1
Fault | Fault . P A e CB 334 CB6
Loc. | Type | Jqundam (Ohms) 13l Degrees) Fault Direction | peneq B 2032 | -o02l | 818 | =173 0 T
Measured | Expected | Measured | Expected | Forward | Reverse CBS 172 <0 7967 = 1629 1 0 i
=) ERE =0 607 | <w2o| 1 0 o] ac e 51 | =032 | 16206 | =173 0 1 B
seo- |, B2 231 ) 5257 | <1620 1 0 a5 CB7 2055 | =02 | e | =175 0 1
836 ) CE3 625 <0 78.91 <1629 1 0 CB3* 342 <0 63.71 <1629 1 0 i
CB4 1929 =021 | -12496 | =-1731 0 1 sssgso ABCN| cBé* 027 =032 | 17137 | =<-173 ) T Eg;
Bl 17 =0 7608 | <629 o 0 B 067 > 021 0 | =103 0 1
me | o o2 236 =0 5496 | <1620 1 0 a5
so | CE3 580 <0 8003 | <1620 1 0 ) Table 6 Zonal Boundary Elements Response for Zone 6 Faults
CBa 2021 | =021 | 1556 | =73t 0 1
CB1 KN =0 715 | 20| 1 0 Negative Seq. ” Zonal Boundary
- Positive Seq. Element P
960- CE2 -4.66 =0 30.34 <1629 1 [] . Fault | Fault Zonal ) Element Imped. ‘Angle (Degrees) Element Indicated CBs
w6 | AB B3 551 =0 7878 | <1629 1 0 cBs Loc. | Type ‘;;':,:j::; (Otms) Fault Direction | opened
CB4 192 =021 -128.08 <1731 0 1 Measured | Expected | Measured | Expected | Forward | Reverse
CB1 ESE =0 =620 | 1 0 B> 7] <0 703 | <1628 1 0
. = — ~ 858 . — - - cBS
L CB2 314 =0 <162.9 1 0 p— s | AN CB6 -3.83 =0 §1.95 <1629 1 0 pegs
862 CB3 -7.08 <0 <1629 1 0 CB7 19.83 =021 | 18744 | <173 0 1
B4 2036 | =021 | 1366 | =173l 0 1 B3 175 <0 518 | <1620 1 0
Egl” —123 <g 7_?-43 = 1?: i g 3;44 cx [ cBs a1 =0 8 | <1620 1 0 ng
834 N 2% 63 = 74.33 =162 . = - - - — — !
soo | 220 |3 — — = — - - cB3 CE 1936 | w021 | 18156 | <103 0 1
- - — — CES KN =0 7408 | <1628 1 0
=H S| 02 | a9y [ =il 0 T
846 - - CB6
b | Ac B 608 <0 530 | <1620 1 0 o
B 987 | =02 | 1m0l | =103 0 1
CE> 34 =0 G5 | <1628 1 0
.. 858 . — - — T CB6
Similarly, Table 5, Table 6 and Table 7 show sample fault g3 |4BON] CBE™ | on L Y S0 L e
. . . BT 020 | =021 | aosat | =113 0 1
studies for zones 5, 6 and 7, respectively. The one asterisk
elements mark fault conditions where both negative and  Table 7 Zonal Boundary Elements Response for Zone 7 Faults
positive sequence elements indicated different fault current —
. . . .. . . Negative Seq. Positive Seq. Element Zuna]Buun_ﬂary
direction. However, the established condition for the priority Faule | Faute | jZom81 Flement Imped Angle Gegreey | Element Indicsted |
Loc. I)PE E:IIII ary ms, ault Direction UPEﬂEd
of these ' elements based on the fault type allowed for the il Evwm—y oy vy oy oy E—
correct direction to be made by the relays. =TT =TT >
860 . - -
. . -] ax [ cBs 57 <0 15 | <1620 1 0 cB7
In summary, the simulated fault studies shows how the 5 T T TR SO 5
modified protection scheme allows for the selective isolation o CB3 1 | <0 | 1 [=we | 1 0
. | sx [ cBs ) 0 5411 1620 1 0 cB7
of the faulted zones. For some of the simulated cases, the 838 — — :D — :16‘ —— -
positive sequence and the negative sequence directional s SR T T T 5
; 836 - - .
elements did not corroborate each other on the fault current ao | Ac [_cBS 54 <0 | s [<wms] 1 0| o
. . . — B 503 =0 5003 | <1628 1 0
dlrectlpn. However, based on the assigned priority of : — 1T T -
operation of each of these elements, the correct fault current 86| sc [ | o1 [ =0 | wo [ w1 5| e
direction was indicated that allowed for the appropriate zonal CBI sS4 ] <0 B | <weas] 1 0
.. . CB5* 340 =0 695 | <1620 1 0
circuit breakers to be tripped. ol P o I N N T —
BT 016 <0 3736 | <1628 1 0




V. CONCLUSION

The implemented protection scheme extends the zoning
concept of [10] and [11] for faulted zone identification and
isolation by decentralizing the control of the zonal boundary
breakers. By decentralizing the control of the zone breakers,
the single point of failure can be eliminated in the modified
protection scheme. The scheme also eliminates the
computational complexity and the high processing power
needed by the central relay in detecting the faulted zone. The
exhaustive faults simulated at various locations on the multi-
feeder test system show how the modified protection scheme
allows for selective identification and isolation of the faulted
zones in a smart distribution system.

A. APPENDIX

Equation (1) shows the defined range for the forward
operating region of the positive sequence element. Table 8
provides the impedance threshold set for the negative
sequence element. Z2 FWD and Z2 REV are the forward and
reverse impedances respectively. Table 9 indicates the
direction based on the defined operating regions and the
impedance thresholds for the sequence elements.

T T
—+0<B<——+0 1
5 B 5 (H

B = Angle difference between positive sequence voltage and
current
0 = Line angle

Table 8 Impedance thresholds for negative sequence directional elements

CB1 | CB2 | CB3 | CB4 | CB5 | CB6 | CB7
Z2FWD | 2.58 1 0.90 | 0.16 | 0.11 | 3.37 | 0.22 | 0.11
Z2REV | 2.68 | 1.00 [ 0.26 | 0.21 | 3.47 ] 0.32 | 0.21

Table 9 Fault Direction Based on Directional Element Measurement

getion Forward Reverse
Elem¢
Negative Z,<Z, FWD or | Z,>Z, REV or more
Sequence negative positive
Positive 0 o 0 0
Sequence -17.31°<B<162.9°] B<-17.31"0r f>162.9
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