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The Influence of Motor Reacceleration 
on Voltage Sags 
Math H. J. Bollen, Member, IEEE 

Abstract-The assumption that a voltage sag is rectangular is 
not correct in a system with large induction motor loads. The 
motors decelerate during the short circuit. After fault-clearing 
they will accelerate again, drawing a high reactive current from 
the supply, causing a prolonged postfault voltage sag. This is 
aggravated by the removal of branches by the protection. 

The resulting shape of some voltage sags in an example system 
is shown and discussed. For the example system, a stochastic 
voltage sag table is determined. This table gives the expected 
number of sags of different depth and duration. The influence of 
faster protection and of reduced transformer impedance on the 
table is presented. 

A simple motor model is implemented in a method for including 
interruptions due to voltage sags in the reliability analysis of 
power systems. This model is presented hriefly and used to show 
the influence of motor parameters on the number of sags that 
lead to an interruption of plant operation. 

I .  INTRODUCTION 

HORT-DURATION voltage sags due to short circuits are S recognized as an important power quality problem. In par- 
ticular, electronic equipment like computers, adjustable-speed 
drives and process-control systems are extremely sensitive. 
Despite this recognition, not much work has been published on 
the shape of voltage sag\, nor on their stochastic assessment. 

A simple method for ascessing the number of sags expe- 
rienced by a customer is presented in [ l I. This method is 
proposed to become part of thc IEEE Recommended Practice 
for the Design of Reliable Industrial and ('ommercial Power 
Systems 121. A detailed stochastical method for including 
interruptions due to voltage sags in the reliability analysis of 
power systems is presented in 131. 

Calculation of depth and duration of a \ag is in both methods 
based on two simple a\\umptions: 

I \  Due to the short circuit, the voltage drops to a low value 

2 )  When the fault is cleared, the voltage recovers inime- 

These assumptions, however, do not hold in the case of a 
substantial part of the load consisting of electrical motor!, like 
in many industrial power systems. During the short circuit. the 
motors will slow down. Their reacceleration after the fault will 
incredse the load current and thus prolong the voltage sag. 

immediately. 

diately. 
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Fig. 1. 
voltage sags have been calculated 

Example power \ystem The numbers give fault positions for which 

Several authors mention the influence of voltage sags on 
motor behavior or voltage sags due to motor starting, but 
not the influence of motors on voltage sags due to short 
circuits. El-Sadez [4] shows that certain combinations of motor 
parameters and fault-clearing time can lead to a situation in 
which the voltage does not recover any more. This could 
be considered as a prolonged voltage sag. The occurrence of 
these situations is however quite rare. The stable situation, in 
which the voltage recovers slowly, is of more importance. The 
influence of motors on the \hape of voltage sags is discussed 
in  some detail by Das [5].  

This paper will discuss some of the aspects af the influence 
of induction motors on voltage sags. The shape of the voltage 
rags will be discussed in Section I1 for a few fault positions in 
an example system. A more complex system I S  presented in 
[ h ] .  In Section 111, some stochastic properties of voltage sags as 
experienced by the plants in the example system are presented. 
A simple induction motor model has been incorporated in 
the reliability analysis method presented in 131. This model is 
discussed in Section IV and used in Section V to compare the 
expected number of sags in a few alternatives for the supply 
to two plants. 
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Fig. 2. Voltage sag for a fault at position 1. 

11. SHAPE OF THE VOLTAGE SAG 

To show the influence of induction motors on the shape 
and the duration of voltage sags, the behavior of the industrial 
distribution system shown in Fig. 1 has been simulated for the 
short circuit positions indicated. Four of them will be discussed 
in detail below: 

1) on the high-voltage side of a 30/10-kV transformer, 
2) on the low-voltage side of a 30/10-kV transformer, 
3) on a 30 kV bus, and 
4) on a 10 kV bus. 
Both plants contain six induction motors, all of these are 

rated at 2.8 MW, 3.355 MVA. The following equivalent circuit 
parameters have been used for the motors (rated to machine 
MVA): 

mechanical time constant 5.3 s, 
magnetizing reactance 5.8 P.u., 
stator resistance 0.007 P.u., 

inner cage rotor resistance 0.01 P.u., 
inner cage rotor reactance 0.097 P.u., 
outer cage rotor resistance 0.06 P.u., and 
outer cage rotor reactance 0.033 p.u. 
These values have been derived from manufacturer's data 

for a 10-kV, 2.8-MW induction motor. The impedance of 
the cables has been neglected. The transformers as well 
as the 150-kV supply are represented by their short-circuit 
impedances. All faults are three-phase short circuits. 

stator reactance 0.2 P.U., 

The fault-clearing time is 200 ms, except for the short circuit 
on the IO-kV bus, for which it is 600 ms. The simulations use 
the transient analysis program within the IPSA package [7]. 
Some of the results of these simulations are shown in the 
figures in this section, where solid lines refer to plant A and 
dotted lines to plant B. 

Figs. 2 and 3 show bus voltage and induction machine 
slip due to a short circuit of 200 ms on high-voltage side 
of a 30/10-kV transformer (position 1 in Fig. 1). Since the 
impedance of the cables has been neglected, both plants will 
show the same during-fault behavior. The induction machines 
temporary operate as generators, causing a nonzero during 
fault voltage. After the fault, plant B will be supplied through 
one transformer and plant A through two. Because of this the 
postfault voltage at plant B is lower than that at plant A. For 
the same reason it will take longer for the motor in plant B 
to reach its stable speed. 

Neglecting the induction motor behavior (as done in [ 11 and 
[3]) would lead to the voltage going immediately down to zero 
at fault initiation (0.1 s) and immediately back to 1 p.u. at fault 
clearing (0.3 s). Due to the motor load, the voltage is higher 
during the fault and lower after the fault. 

We see from Fig. 3 that the maximum slip is reached more 
than 100 ms after fault clearing. It simply takes that lotlg 
before the power system is able to supply more power to the 
machine than the prefault value. For plant B (fed through one 
transformer) this takes longer than for plant A (fed through 
two transformers). 
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Fig. 5. Voltage sag for a fault at position 3. 

Fig. 4 shows voltage during and after a short circuit on 
the low-voltage side of a 30/10-kV transformer (position 2). 
During the fault, plant A experiences a considerably less 
reduction in voltage than plant B. (As cable impedance has 
been neglected, the plant voltage for plant B is zero). This 
causes the motor in plant A to slow down less than the one 
in plant B. After the fault, the current drawn by plant A will 
be less than in situation 1, which significantly reduces the sag 
for plant A and slightly reduces it for plant B. 

Fig. 5 shows the voltage sag for a short circuit on the 30-kV 
bus (position 3). During the fault, the voltages are identical to 
those in case 1 (see Fig. 2), but after the fault both plants have 
to be supplied through one 150/30-kV transformer. This causes 
a severe postfault voltage sag. An interesting phenomenon 
is that the postfault voltage starts to decrease again about 
200 ms after the fault. This was also visible for previous fault 
positions, but not as clear as here. The voltage decrease is due 
to the increased current taken by the motor when it starts to 
accelerate again, which is approximately 200 ms after fault 
clearing. 

Fig. 6 shows the voltage sag for a short circuit on a 
IO-kV bus (position 4). The fault is cleared by the overcurrent 
relays, 600 ms after fault initiation. Only the sag for plant 
A is shown. Plant B will experience a sustained interruption. 
The during-fault voltage of plant A is relatively high (similar 
to situation 2, Fig. 4), but the longer duration of the fault 
(600 ms) causes a deceleration about equal to the one in 
situations 1 and 3. After the fault, plant B is no longer drawing 

current. Also, both transformers to plant A are available for 
the power transport. Because of this the postfault sag at plant 
A is fairly small. The slip immediately starts to decrease at 
fault-clearing and the voltage does not show any postfault 
minimum. 

111. STOCHASTIC PROPERTIES OF THE VOLTAGE SAGS 

In general, a customer (an industrial plant in this case) 
will not be interested in the shape of individual voltage sags. 
What is of interest is whether the plant will experience an 
interruption of plant operation (IPO) or not. The relationship 
between the voltage sag shape and an IPO is still an unknown 
area. Simply assume that sensitivity is only related to depth 
and duration of a sag, i.e., an IPO will occur if the rms voltage 
stays below a certain minimum voltage for longer than a 
certain maximum time. Based on this assumption, it seems 
appropriate to calculate the probabilities that the sag exceeds 
certain depths and durations. 

The failure rates assumed for each of the fault positions 
indicated in Fig. 1, are given in Table I. These are based 
on a literature search to obtain failure data in distribution 
systems [8]. The last column in the table shows the number of 
actual fault positions represented. For example, fault position 3 
represents a fault on any of the two 30-kV buses. The resulting 
number of sags has therefore been multiplied by two. 

For each of the fault positions, the shape of the voltage sag 
has been calculated. These shapes, plus the data from Table I, 
have been used to obtain the expected number of sags per 
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yea1 exceeding certain depth\ and durations The results are 
shown in the Tables 11- IV Starting from a table with Leros, 
the product of failuie rate and actual number of fault positions 
14 d d e d  to a table entrj if the sags I \  below the corresponding 
depth for longer thdn the Lorresponding duration 

1,ible I1  gives the \toch.istic voltage sdg table for plmt A. 
SinLe the system IS symtneincd, this table also applies to plant 
B I t  is important to remeniber that thi\ is d cumulative table. 
Thi. i \  clearly viuble fioni the term Y the expected number 
of sustained interruptions. I n  (his caw -1 = 0 0 1  VI which 
is the failure rate of the plant t u .  A sustained interruption can 
be biewed a\ a \ag longer ancl deeper than any of the entries 
in the table 

I nder the aswmption of "rectangular sensitivity" as dis- 
cu<\ed ahobe. the ctochaqtrc voltage 9.ig table givec the ex- 

TABLE I1 
STOCHASTIC VOLTAGE SAG TABLE: EXPECTED NUMBER OF 

L ~ R U P T I O N S  OF PLANT OPERATION EOR VARIOUS LOAD SENSITIVITIES 

maximum duration 
250 ms I500 ms I 750 ms I1000 

80% 0.124+X O.O14+X O.O04+X 

75% IO.l04+X I O.Ol+X I X 
I1 I I I I 11 70% I O.O14+x I O.Ol+x 1 x I x I x 11 

65% O.Ol+X O.Ol+X X X X 

60% O.Ol+X I O.Ol+X X X X 

pected number of IPO's for various load sensitivities (ex- 
pressed as a minimum voltage and a maximum duration). Note 
that it is no longer possible to give the number of sags of a 
given duration and depth. 

By considering Table 11. it follows that plant A can expect 
about once in five years (0.204 times per yeLir) a sag below 
85% for more than 250 ms. If the equipment in the plant 
can only with4tand an 85% bus voltage for 250 ms, it will 
cxperience an IPO once in five year\. 

Table 111 give5 the same information as Table 11. (The table 
again applies to plant A as well as to plant B). But in this 
case the fault-clearing time is only half of its previous value. 
The induction machines have less time to slow down, and will 
thus need less time to speed up again. This rtwlts in shorter 
postfault sags The during-fault sags are of course also qhorter 
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b minimum 
250 ms 500 ms 750 ms 1000 ms 1250 ms 

90% 0.124+X O.O34+X O.O04+X O.O04+X X 

85% O.O14+X O.O04+X X X X 

minimum 
voltage 

90% 

85% 
II 80% I O.Ol+X I x I x I x I x II 

maximum duration 

250 ms 500 ms 750 ms 1000 ms 1250 ms 

0.204+X 0.124+X O.O94+X O.O34+X O.O04+X 

0.184+X O.O44+X O.O04+X O.O04+X X 

75% O.Ol+X X X X 

70% 1 O.Ol+X I X I X I X 

65% 
II II 

O.Ol+X O.Ol+X X X X 65% O.Ol+X 

Table IV shows the expected number of sags in case the 
impedance of the 30/10-kV transformers is reduced from 11% 
to 8%. The lower impedance will reduce the voltage drop due 
to the inrush current (thus reducing the depth of the sag), which 
enables the motors to take in more power from the supply. This 
results in a shorter postfault sag. 

Iv. THE MOTOR MODEL FOR 
STOCHASTIC ANALYSIS OF VOLTAGE SAGS 

The way in which the stochastic voltage sag tables have 
been calculated in the previous section is rather time- 
consuming, especially for larger systems. Another restriction 
is that only first order events have been taken into account. 
Higher order effects like a short circuit during maintenance 
somewhere in the system or failure of the protection, might 
strongly influence the number of deep sags, as well as the 
number of sustained interruptions. 

In a previous paper [3], the author presents a method for 
including interruptions due to voltage sags in the reliability 
analysis of power systems. It could equally be considered as 
a method for stochastic analysis of voltage sags. 

The method, implemented in a computer program, consists 
O f  

1) a Monte Carlo simulation to generate stochastic times of 

2) an electric circuit to calculate load node voltages due to 

3) a maximum-permissable voltage sag for each load node, 

This computer program has been updated with an induction 
motor model. The influence of the induction motor loads on 
the shape of the voltage sags is taken into account now. The 
voltage sag is no longer assumed to be rectangular. 

From the widely used equivalent scheme for the induction 
machine (with slip-dependent resistance) the motor impedance 
2 as a function of slip s can be approximated through the 
following expression (stator resistance has been neglected): 

Occurrence for events like a short circuit, 

these events, and 

which is used as the interruption criterion. 

S 

V l C ? -  

with 12, I the absolute value of the impedance in nominal load, 
s p  the pull-out slip, and (T the leakage factor. Nominal load is 
defined as the load leading to maximum power factor. 

TABLE IV 
STOCHAST~C VOLTAGE SAG TABLE WITH REDUCED TRANSFORMER IMPEDANCES 

11 80% I 0.104+X I O.O14+X 1 O.O04+X I X I X 11 

The stochastic analysis method used is an event-based 
Monte Carlo simulation. The system is only observed at 
discrete times (e.g., fault initiation, fault clearing, repair of 
faulted component). In an event-based simulation it is normally 
assumed that nothing happens in between the events. This 
assumption is in accordance with the two assumptions men- 
tioned in the introduction. But taking the motor behavior into 
account, we have to model the variation of the load impedance 
in between events. This required a slight adaptation of the 
event-based method. 

In the event-based method, at each event instant the voltages 
at the load nodes Koad are calculated from the voltages at the 
generator nodes Vgen, through the following equation [3]: 

A change in any of the branch impedances leads to changes 
in the impedance matrices and Zgen,gen. This is 
calculated by means of a Kron reduction. This Kron reduction 
turned out to be the main consumer of computer time during 
the simulation. 

When an event occurs in the simulation, the slip is calculated 
as a function of time, for the interval between the previous 
event and the current event. As events can be years apart in 
a reliability study, the calculation is stopped when the slip no 
longer significantly changes. For many events, this happens 
within a few seconds. For some events (e.g., fault clearing, 
the previous event is fault initiation) the slip does not settle 
down in the limited time between the two events. 

The slip is calculated by numerically solving the energy 
balance of the rotating mass (inertia) of the motor 

where 
(3) 

is the mechanical load torque. The electrical torque is 

l + f f  

T, = [ & - 4 2  + TRS\V~ (3b) 

where V is the voltage at the motor terminals. The term TRS 
is included to represent the run-up cage. 
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1% 
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TABLE V 
NCMBkR Ob IhTtRRUPTIOVS OF PI AN? OPERATIO\ 

AS A Fuvcrrols OF MOTOR PAR4UFTERI 

( S , / l O O )  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 
---I 

1 4 1 2 1 0  3 3 * I  
1 4 1 2  5 3 * I  
1410 3 . I  
1 2 5 3  . I  
1 2 5 3  * I  
1 2 5  - 1  
1 2 3  . I  
12 3 3 . . . . . . . . . . .  . I  
1 2 3 3 3  . . . . . . . . . . .  
10 3 3 3 3 3 . .  . . . . . .  . I  

1 0 3 3 3 3 3 3 3  . . .  * .  
1 0 3 3 3 3 3 3 3 3 . .  . a  

10 3 3 3 3 3 3 3 3 3 .  , .  

- __ 
. . . . . . . . .  . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  . . . . . . . . . . . .  
. . . . . . . . . . . .  

* I  
1 0 3 3 3 3 3 3 3 3 3 3  . .  . I  

* I  
.____ J 

An improved Euler method (sornetimes referred to as 
second-order Runga-Kutta method) has been used. The voltage 
in (3b) is calculated from ( 2 )  with the load impedance 
calculated from (1). The slip is calculated every millisecond. 
To save calculation time, the load impedance is only calculated 
oncc every 50 ms. Only if ils value differs more than 5% from 
the previous value, the impedance nialrix is adjusted and a 
new load node voltage is calculated 

The induction motor load is described through the following 
input parameters: 

1 i impedance in nominal load Z,  = 1ZTj I{cos L’),, t 
J sin d),,}, 

21 pull-out sl1p s p ,  
3 )  load factor Mllon~l. 
4)  mechanical time constant f,,, and 
5 )  run-up torque l’ff. 
The leakage factor cr is found from 

and the nominal slip s,, from 

(4) 

v. EXAMPLE‘ INEL UEYCE OF MOTOR PARAMETERS 

The influence of motor paratneters on the number of 1PO’s 
has heen studied for the redundant suppi) to two large indus- 
trial plants, as shown in Fig. I .  

The following parameters have been ujed for the two plants: 
nominal load 20 MW. 
nominal power factor 0.8, 
pull-out torque 0.01-0.15, 
lo‘id factor 0.9. 
niechanical time constant 
nul-up torque I .0. 
The dots in Fig. 1 indicate the shorl circuits that have been 

taken into account in the study By using the above-described 
motor model, it has been determined how many of these 14 
short circuit\ would lead to an IPO for plan1 A. The following 

-1-16 s. and 

150 kV 2GVA n $ 
+30 “JA- 

50 MVA 
13 % 

I 
A I - A I  10 kV 

1 
big. 7. Alternative redundant supply to two industrial plants. 

interruption criterion has been used: The voltage should be 
back at 70% within I s and back at 90% within 1.5 s after the 
start of the voltage sag. Note that we are no longer restricted 
to rectangular sensitivity curves. As already mentioned in [3], 
any shape for the maximum-permissible sag can  be taken into 
account. 

The simulation has been repeated for differerit values of the 
pull-out torque and the mechanical time constant. The results 
itre represented in Table V. It is important to note that the 
~nechanical time constant is used to quantify the motor’s inertia 
(the mechanical time constant is twice the inertia constant). 
In the area with the dots, only the short circuit at the plant 
hus will lead to an 1PO. The voltage sags hace no influence 
on the reliability. The number three indicates that a short 
circuit at one of the 30-kV buses will also lead to an IPO. 
‘this actually implies that it is of no use to install differential 
protection on the 30-kV buses. In the area shown bold, even 
short circuits in  the transformer connections leal1 to IPO‘s. The 
connections are no longer redundant in such a case. Another 
system configuration should be considered, or (he voltage sag 
withstand of the plants should be increased. 

The load modelled in Section I1 and 111, with t,, = 5 s and 
rsk = lO’X, turns oui to lead to a reliable supply. 

Fig. 7 shows an alternative network for the supply to the 
same two plants. In this case, the redundancy is obtained from 
a cable connection between the two plant buses. Although 
transformers of a higher power rating are needed, this structure 
will probably still be less expensive than the onc in Fig. 1. But 
unfortunately, the voltage sags have a stronger influence on 
the reliability, as shown in Table VI. Only for low mechanical 
time constant and large pull-out torque, will the system be 
insensitive to voltage sags. 
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TABLE VI 

FOR THE ALTERNATIVE SUPPLY SYSTEM 

(S,/100) 

NUMBER OF INTERFXJFIIONS OF PLANT OPERATION 

1 1  2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 ~  
I I 

3 1 1 1 1 1 1 0  8 4 4 2 2 * I  
4 1 1 1 1 1 1 0  4 4 2 2 - 1  
5 1 1 1 1 1  4 4 3 3 2 * I  
6 1 1 1 1 0  4 4 4 3 2 2 2 . I  
7 1 1 1 1 0  4 4 4 3 3 2 2 2 .  . I  

t. 9 1 1 1  4 4 4 3 3 3 3 3 3 2 2 2 2 . I  
1 0 1 1 1  4 4 4 3 3 3 3 3 3 3 2 2 2 21 
11 1 11 4 4 3 3 3 3 3 3 3 3 3 3 2 21 

. . . . . .  . . . . . . .  . . . . . . .  . . . . .  . . .  
8 1 1 1 1 0  4 4 3 3 3 3 2 2 2 2 . .  . I  

12 I 11 4 4 3 3 3 3 3 3 3 3 3 3 3 31 
13 1 11 4 4 3 3 3 3 3 3 3 3 3 3 3 31 
14 1 10 4 4 3 3 3 3 3 3 3 3 3 3 3 31 
1 5 1 1 0  4 4 3 3 3 3 3 3 3 3 3 3 3 21 
16 I 10 4 3 3 3 3 3 3 3 3 3 3 3 3 21 

I I 

TABLE VII 

FOR THE ALTERNATIVE SUPPLY: FASTER PROTECTION 
NUMBER OF INTERRUPTIONS OF PLANT OPERATION 

(S,/lOO ) 

! 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 !  

3 
4 
5 
6 
7 
8 

t m  9 
10 
11 
12 
13 
14 
15 
16 

11 
11 
11 
10 
10 
10 
10 
4 
4 
4 
4 
4 
4 
4 

1 0 4 2 2 2 . . . . . . . . .  
4 3 2 2 . . . . . . . . . .  
4 4 3 . .  . . . . . . . . .  
4 4 3 2 2 2 . . . . . . , .  
4 4 3 3 2 2 2 2 . . .  . . .  
4 4 3 3 3 3 3 2 2 2 . . . .  
4 4 3 3 3 3 3 3 2 2 2 . . .  
4 3 3 3 3 3 3 3 2 2 . . .  . 
4 3 3 3 3 3 3 3 2 . .  . . .  
4 3 3 3 3 3 3 2 2 .  . . . .  
4 3 3 3 3 3 3 2 2 .  . . . .  
4 3 3 3 3 3 3 2 2  . . . . .  
4 3 3 3 3 3 2 2  . . . . . .  
3 3 3 3 3 3 2 2 .  . . . . .  

In order to reduce the influence of voltage sags, two 

1 )  reducing the fault-clearing time to 100 ms; 
2) installing 30/10 kV transformers with a short circuit 

The consequences for the number of interruptions are shown 
in Tables VI1 and VIII, respectively. In particular, reducing 
the short circuit voltage considerably increases the reliability. 

measures have been compared: 

impedance of only 10%. 

VI. DISCUSSION AND CONCLUSIONS 

We have seen in this paper how the deceleration and 
acceleration of motors influences duration and shape of voltage 
sags. The assumption of a rectangular sag no longer holds 
in case of large induction motor loads. During the fault, the 
voltage is increased by these loads, while the postfault voltage 
is temporarily decreased. 

A new problem which becomes evident now is the definition 
of the voltage-sag shape. Previously a voltage sag was defined 
through its depth and its duration. As the sag was assumed to 
be rectangular, this was sufficient information. Taking motor 
behavior into account will make it no longer possible to define 
a sag simply by its duration and magnitude. a i s  will also 
make it harder to compare sags with voltage withstand curves. 

TABLE VI11 
NUMBER OF INTERRUFTIONS OF Puwr OPERATION FOR THE 
ALTERNATIVE SUPPLY: RELXJCED TRANSFORMER IMPEDANCE 

(SJlOO) 

I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 
~ ~~~ 

3 j 1 1 1 1 1 0  4 2 2 2 . . . . . . . .  
4 ( 1 1 1 1  4 2 2 2 . . . . . . . . .  
5 1 1 1 1 0  4 2 2 . . . . . . . . . .  
7 1 1 1  4 2 2 . .  . . . . . . . . .  
8 / 1 1  4 2 2 . .  . . . . . . . . .  

f 9 1 1 1 4 2 . .  . . . . . . . . . .  
1 0 1 1 1  4 2 . . . . . . . . . . . .  
1 1 1 1 1  2 2 . . . . . . . . . . . .  
1 2 / 1 0  3 . . . . . . . . . . . . .  
1 4 1 1 0  3 2 2 . .  . . . . . . . . .  
1 6 1 1 0  4 3 3 2 2 2 . .  . . . . . .  

6 1 1 1 1 0  2 2 2 . . . . . . . . . .  

1 3 1 1 0  3 . . . . . . . . . . . . .  
1 5 1 1 0  3 2 2 2 . .  . . . . . . . .  
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