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Abstract: Newly developed tools and techniques are continuously established to analyze and monitor
power systems’ transient stability limits. In this paper, a model-based transient stability index for each
generator is proposed from the synchronizing torque contributions of all other connected generators
in a multi-machine interconnected power system. It is a new interpretation of the generator’s
synchronizing torque coefficient (STC) in terms of electromechanical oscillation modes to consider
the synchronizing torque interactions among generators. Thus, the system operator can continuously
monitor the system’s available secured transient stability limit in terms of synchronizing torque
more accurately, which is helpful for planning and operation studies due to the modal based index.
Furthermore, the popular transient stability indicator critical clearing time (CCT), and the traditionally
determined synchronizing torque values without other generator contributions, are calculated to
verify and compare the performance of the proposed transient stability index. The simulations and
test result discussions are performed over a western system coordinating council (WSCC) 9-bus and
an extensive New England 68-bus large power test system cases. The open-source power system
analysis toolbox (PSAT) on the MATLAB/Simulink environment is used to develop, simulate, validate
and compare the proposed transient stability index.

Keywords: power system stability; transient stability analysis; model-based analysis; stability margin;
synchronizing torque; synchronizing torque coefficient; power system dynamics; electromechanical
oscillations; rotor angle stability

1. Introduction

Power system studies worldwide are concerned about the increasing complexity of
power systems and their consequences. Due to environmental and economic constraints,
most power systems are close to their static and dynamic stability limits, including a lack of
transmission expansion, increased power consumption, and a substantial distance between
power plants and loads. Furthermore, because power is transferred from generation
surplus areas to deficit areas, deregulating energy markets causes transmission congestion.
Consequently, the distance between the normal operating range and the power system’s
critical stability limit keeps narrowing. If the system is subjected to anomalous conditions
or disturbances and is not treated on time, the system experiences cascaded events that
might result in a blackout. The references [1-3] detail the major blackouts and cascaded
emergencies in the previous decade, with their root causes and consequences. Therefore,
accurate monitoring of the system'’s transient stability is critical and can help the system
operator to determine system states following a significant disturbance (e.g., faults, loss
of loads).

A power system’s transient stability is related to its ability to remain synchronized
after being subjected to a large disturbance [4]. Different techniques have been employed
in the transient stability analysis literature, but most have drawbacks. The time-domain
simulation is a reliable method, where power system dynamic models are represented by
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differential equations and solved numerically at each instant by applying contingencies or
faults at a specified period. Hence, this method requires high computation for solving non-
linear differential-algebraic equations due to the bulk power systems’ large dimensionality
and nonlinearity [5]. However, model-based direct methods are derived to determine the
quantitative information of the system’s stability based on the ability to absorb fault-on
energy during the post-fault period. The Lyapunov stability-based transient energy func-
tion (TEF) methods calculate the kinetic energy stored on the rotor during fault-on and the
potential energy released during the post-fault period [6]. Later, extended equal area crite-
rion (EEAC) based methods are introduced to determine power systems’ transient stability
based on the equivalent single-machine infinite bus (SMIB) system’s characteristics [7,8].
The limited scalability and conservativeness limit the direct methods; however, some ad-
vanced hybrid methods have been developed by combining both time-domain and TEF
methods to improve previous methods’ performance [9-11]. Recently, the bulk availability
of measured data and fast computations has reignited the interest in advanced machine
learning tools, such as decision trees [12], neural networks [13], and fuzzy knowledge-
based systems [14] for measurement-based transient stability analysis, and the research
area keeps expanding at a fast pace with new algorithms. In addition to that, the measured
system state variables are used to analyze power systems’ stability through the estimated
synchronizing torque values [15-18]. However, the model-based transient stability analysis
through generators’ synchronizing torques is still the least explored research area.

The synchronizing torque is an electrical torque component produced by interacting
stator windings and a fundamental air-gap flux component of the synchronous generator
defined in [19]. The post-fault power network’s restoring or synchronizing torque availabil-
ity can analyze a power system’s transient stability. During disturbances, the generators’
magnetic fields” accumulated energy ensures precise immediate power support, and these
magnetic fields are distributed according to the synchronizing torque coefficients (STC)
matrix of the multimachine interconnected power system. Thus, the larger synchronizing
torque values indicate a more substantial stability region through stable initial rotor angle
deviations. However, the smaller synchronizing torque values diverge the rotor angles
with the power system’s nonoscillatory instability [20]. Traditionally, each machine’s syn-
chronizing torque calculations were used to determine the system’s immediate transient
stability information during disturbances [20,21]. Recently, the paper [22] investigated
the impact of generator location and reactive power output on the generator rotor speed
deviations from the STC matrix by considering the multimachine Heffron-Phillips model
and the network admittance matrix.

The synchronizing torque interactions among the generators in a power system are
carried through the rotor oscillations, and the corresponding synchronizing torque values
vary with the respective generator contributions on the modes [15]. The traditional syn-
chronizing torque is calculated by focusing on only one target generator and not including
the contributions from the other generators over power system networks. Consequently,
the corresponding transient stability information is obtained from the approximated SMIB
system, which is inaccurately determined. This paper presents a new transient stability
index that investigates the synchronizing torque contributions from other generators with
the generators” electromechanical interactions to improve the accuracy of the transient
stability index of a multi-machine power system. From the modal analysis, the systems’
eigenvalues, eigenvectors, and participation factors are utilized to express a relationship
between generators, and then the contributions from other generators are added to the
traditional method. The new index accurately indicates dominant generators’ net syn-
chronizing torque values and transient stability information of the system. However, the
proposed method requires systems’ modal information and performs further calculations
to determine the stability index.

The remaining sections of the paper are organized as follows. Section 2 deals with
the background theory for developing a stability index comprising the STC matrix and
the linearized models of the multimachine interconnected power system. The proposed
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transient stability index is derived in Section 3 with a detailed explanation of the general
three-machine example case. In Section 4, the proposed index is verified and compared on
a western system coordinating council (WSCC) 9-bus test system and a large New England
68-bus test system with simulation studies and discussions. Finally, Section 5 concludes the
paper with future research directions.

2. Background Theory

The following sections discuss essential power system dynamic concepts required to
derive and verify the proposed transient stability index. A multimachine power system’s
synchronizing torques are derived first, then the general system stability remarks from the
traditional synchronizing torque calculations are described. In addition, the conventionally
used transient stability indicator, critical clearing time (CCT) is briefly explained, which is
used to evaluate the performance of the proposed transient stability index.

2.1. STC Matrix from Linearized Models of Multimachine Power System

For a multimachine power system with Ng machines without considering damping
torques, the swing equation of the ith machine is defined by reducing the network admit-
tance matrix into the machine’s internal node and operating point linearization around the
equilibrium point as follows [20,23].

Agi = QAOJZ' (1)

.1 3
Aw; = ﬁ (Apmi — K;iA; + Z KsijA‘sj) (2)
i j=1,j#i

Since P,;; = constant and 2H,' = M, !, Equation (2) can be rearranged as follows

. NG
Aw; = Mi_l (KsiiA‘si + Z KsijA5j> 3)
=T

fori=1,2,..., Ng.
where
6; ith machine rotor angle

; adjacent machine rotor angle
w; ith machine rotor speed in pu
P,; ith machine mechanical power input

H; ith machine inertia constant

Q) = 27ntf is the per unit to radian conversion factor for the speed change.
Kgi = ]N:Gl I E;E;(Bjjcos(é; — 6;)) — Gjjsin(d; — 6;) |- are diagonal elements

representing the total contribution of synchronizing torque from a machine
to the network.

Kgij = EiEj(Bjjcos(6; — 8;)) — Gjjsin(d; — 6;)|o are off-diagonal elements
representing the synchronizing torque interactions between the machines.

E; = constant voltage behind transient reactance of the machine i

Yi; = Gj; + jB;; diagonal element of the network’s short-circuit admittance
matrix Y

Yij = Gjj + jBjj off-diagonal element of the network’s short-circuit admittance

matrix Y
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The linearized multimachine power system’s state-space form can be represented as
follows using Equations (1) and (3)

Y. .Y
|:A(.Ui] =4 [Awi] (4)
where i
QI
A = _Ml»olKS 0 ] is the system matrix,
[—Ks1 -+ Kang
Ky = is the synchronizing torque coefficient (STC) matrix,
_KSNcl e _KSNGNG
M 0
Mt = : . : is the inertia constants of all synchronous machines
L0 e MNG—1

in diagonal matrix form.

2.2. Synchronizing Torque and System Stability

The change in a synchronous machine’s electrical torque following a perturbation can
be resolved into two components: synchronizing and damping torque coefficients, defined
in [24] given in Equation (5).

AT, (t) = ksAS(t) + kgAcw(t) ®)

The synchronizing torque factor is in phase with the rotor angle perturbation Ad(t),
and ks indicates the synchronizing torque coefficient. The damping torque factor is in phase
with the speed deviation Aw(t), and the corresponding damping torque coefficient is k.
These two torque coefficients indicate the system’s general stability characteristics from
electric torque fluctuations. The positive ks and k; values ensure non-oscillatory and oscil-
latory stabilities, whereas negative values indicate the corresponding instabilities [24,25].
Traditionally, the synchronizing torque values of each generator (Ky7,,4) in power systems
are determined based on only the total synchronizing torque contributions from the gener-
ator to the network, which is obtained from the corresponding diagonal elements of the
STC matrix in Equation (4) [22] through the SMIB system approximation. Therefore, the
Ks1raq values indicate individual generators’ approximate transient stability margin without
considering other connected generator synchronizing torque interactions accurately.

2.3. Transient Stability Analysis through CCT

The CCT is the maximum duration a power system can tolerate in the fault-on state
without becoming unstable before removing the fault. It should be noted that a CCT is
specific to the fault’s type and location applied to the system, and it is explicitly stated that
the normal clearing time is often much shorter than the CCT values. The CCT is a valuable
metric for power system design and operation studies because it allows comparison of
the severity of different conditions and effectiveness of numerous interventions such as
generation dispatches, control modifications, or network reinforcements [26-28]. Thus,
each generator’s transient stability limit can be determined by applying a three-phase
fault near the generators and measuring the CCT values by varying the fault duration on
the system.
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3. Proposed Stability Index

The proposed transient stability index derivation is given in the first section with
details. The index is then explained with a generalized three-machine test system case.

3.1. Derivation and Explanation

The time-domain response of states in linearized power system models can be ex-
pressed as the summation of n modes as shown in Equation (6).

Ax(t) = i (wZAx())vheAht (6)
h=1

The term w;AxO with a contribution factor of left eigenvector wy, represent the con-
tribution of the initial state Axg in the hith mode. The right eigenvector represented by v,
denotes the mode shape and provides the participation of modes in each state, and A, is
the hth eigenvalue.

Using Equation (6), the ith machine’s rotor angle dynamic state variable can be repre-
sented in terms of eigenvectors for all # modes as shown in Equation (7).
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where Ady; indicates the ith machines’s initial rotor angle state variable, and the variable
AG;" (1) represents the ith machine’s rotor angle change for the ith mode.

Therefore, the corresponding ith machine’s rotor speed change for the hth mode can
be formulated from Equation (7) as follows.

Ng
- _
Awi (t) = M; 1<—KsiiA5z‘h(t)+ )y Ksiijh(f)) ®)
jTizi

Equation (8) consists of two components in terms of the STC matrix’s diagonal and
off-diagonal elements. The off-diagonal element factor represents the other jth generator
rotor angle interactions. Hence, the synchronizing torque contributions from jth generator
on the ith generator can be accommodated by the eigenvector relationship between the
rotor angle dynamic states of the generators expressed in Equation (7). The corresponding
ith machine’s transient stability margin in terms of synchronizing torques, which includes
the synchronizing torque contributions of the jth machine’s interactions for the hth mode,
is accurately formulated in Equation (9).

. N, I
Aw?(t) B 1 Zj:c],]'#j KsijA‘sj (t)
=M; | —Ksii + 7

ASi (1)

©)

The traditional transient stability analysis through synchronizing torque coefficients
considers the synchronizing torque interaction through the SMIB approximations. However,
the proposed transient stability index in Equation (9) considers the synchronizing torque
interactions from the other connected generators through the STC matrix elements and
rotor angle time response for each mode obtained from the systems’ eigenvector modal
information of the multimachine power system.

3.2. Example: A Generalized Three-Machine Interconnected System Case

The proposed transient stability index is explained on a three-machine interconnected
power system (Ng = 3) with negligible damping torques. For an interconnected power
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system holding N machines, there would be a Ng — 1 set of electromechanical oscillation
modes generated from swing equations, and the fundamental behavior of these modes is
solely caught in the rotor angle and speed dynamic variables [20]. Hence, there are two
electromechanical oscillation modes (n = 2) for the generalized three-machine example
system case.

From Equation (7), the three machines’ rotor angle dynamic state’s time response can
be independently split in terms of the rotor angle dynamic state variables of two modes
formulated in Equation (10), calculated from the system’s eigenvector information through
modal analysis.

ASi () = NS (1) + A6, (1)
A6 (t) = A& (t) + AS2(t) (10)
AS3(t) = NS5 () + AG3% (1)

Therefore, the calculated values of each generator’s rotor angle dynamic states for

each mode in Equation (10) can be used to determine the other generator’s synchronizing
torque contribution factor for each mode separately.

For mode 1:
Br() _ My [ Ky + K220 A0
A(Sll(t) 1 s11 s12 A&ll(t) s13 A(Sll(t)
-1 1 1
sz(t) -1 A51 (t A53 (i’)
=M — Koo+ +K 11
IO 2 VAT B N5T(0) (11)
-1 1 1
Aws(t Ao (t NS> (t
i( ) - M [ K 11( ) 4 ke 21( ) K
Ad37 (t) A6 (t) Ad37 (t)
For mode 2:
- 2 2 2
= My —Kap + Kepp =252 4 Kgz >
A(512(t) 1 s11 512A512(t) 513A512(t)
-2 2 2
Aw,(t) -1 A&~ (t) Ad3~(t)
=M SR Kp + +K 12
A52(E) 2 21 02 (1) 22 523A§22(t) (12)
22 2 2
Aws(t _ A4 (t A6 (t
3( ) _ M3 K 12( ) + K3 22( ) — K3
Ad3%(t) Ad3~(t) Ad3%(t)

Equations (11) and (12) provide the proposed transient stability margin of generators 1,
2, and 3 separately for modes 1 and 2, respectively. The proposed transient stability
index considers the synchronizing torque contributions from other connected generators
through the eigenvector information of each generator’s rotor angle dynamic states of each
electromechanical oscillation mode.

4. Results and Discussions

The proposed transient stability index is verified and compared on two test case simu-
lations; a small WSCC 9-bus test system with three synchronous generators, and a large
New England 68-bus test system with 16 synchronous generators without considering
exciter and governor dynamics. The test systems’ initial load bus information for the simu-
lations are attached in the Appendix A, the static and dynamic data of the test systems are
obtained from [29,30]. The MATLAB/Simulink-based open-source power system analysis
toolbox (PSAT) is used for the simulations, and comparative studies [31].

The generators in the two test systems are modeled in subtransient machine models
with negligible damping torque, and the loads are modeled with constant impedance
models. The simulations and analysis are performed over a range of critical operating
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points obtained by a slowly varying load factor A. The A vary the loads’ active and reactive
power demands according to Equation (13) as follows [32].

Py = Pro(1+ A7)

13
Qr = Qro(1+A) 1%

where Pjg and Qg are the initial real and reactive power levels of the loads on the test
systems, respectively.

The variable K, indicates the generators’ proposed transient stability margins
for the system’s hith mode. The popular time-domain transient stability indicator CCT
verified the K?New values, and the performance evaluation was conducted by comparing
each generator’s K 7,4 values determined from the system’s state matrix explained in
Section 2.2. The K?New and K1y,4 values are plotted by its normalized values and CCT by
its actual values for the following case studies.

4.1. The WSCC 9-Bus Test System

The WSCC 9-bus test system’s eigenvalue analysis resulted in two electromechani-
cal oscillation modes due to the three generator interactions. The system’s eigenvalues
remained in the negative half of the s-plane, indicating a stable region of operating points
over the range of A values. The proposed transient stability index in Equation (9) and the
detailed expressions in Equations (11) and (12) for each modes are utilized to determine
generators’ transient stability.

Figure 1 plotted the transient stability margin variation of the generators 1, 2 and
3 according to Equation (11) over the range of 0 to 1 values of A. The K;ty44, KgNew and
CCT curves of three generators are decreasing over the increase in A values, indicating
a reduction in the system’s overall transient stability and verifies the proposed transient
stability index. Generator 1’s CCT values are slightly reduced from 0.28 s to 0.24 s and
the normalized values of K7,y and KiN o are slightly reduced to 0.93 and 0.87 over the
range of A values. However, the CCT values of generator 2 and 3 are sharply reduced
from 0.29 s and 0.30 s to 0.20 s, and the K}, values of generator 2 and 3 follow a similar
sharp reduction to 0.75 and 0.81, respectively. The K4 values of generators 2 and 3 show
a slight decline in the normalized values to 0.90 and 0.91, respectively. Therefore, the Ky,
values of generator 2 and 3 show a more accurate transient stability than the corresponding
K104 values.

Figure 2 plots the transient stability margin variation of the generators 1, 2 and 3
according to the Equation (12) over the range of 0 to 1 values of A. The K744, KszNew and
CCT curves of three generators are decreased over the increase in A values, indicating
a reduction in the system’s overall transient stability margin and verifying the proposed
transient stability index. Generator 1’s CCT curve is slightly reduced from 0.28 s to 0.24 s
and the normalized values of K 44 and K2, are slightly reduced to 0.90 and 0.88, respec-
tively. However, the CCT values of generator 2 and 3 is sharply reduced from 0.29 s and
0.30 s to 0.20 s, and the K2, values of generator 2 and 3 follow a similar sharp reduction
to 0.54 and 0.59, respectively. The K,7,; values shows a slight decline in the normalized
values to 0.90 and 0.82, respectively. Therefore, the K2, values of generator 2 and 3 show

a more accurate transient stability than the corresponding K7y,4 values.
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Figure 1. Transient stability margin of generators in WSCC 9-bus test system for mode 1.
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Figure 2. Transient stability margin of generators in WSCC 9-bus test system for mode 2.

4.2. The New England 68-Bus Test System

The New England 68-bus test system’s eigenvalue analysis resulted in 15 electrome-
chanical oscillation modes due to the 16 generator interactions. The system’s eigenvalues
remained in the negative half of the s-plane, indicating a stable region of operating points
over the range of A values. According to the proposed transient stability index, 16 gen-
erators’ transient stability margins can be determined for all the 15 electromechanical
modes. However, the critical transient stability of the system is primarily based on a few
generators in the system. Therefore, the generators with decreasing CCT values over the
rise of A values in the system are considered as critical generators. Therefore, the proposed
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transient stability index validation and comparison studies are performed only on these
critical generators.

The proposed transient stability index calculates each generator’s transient stability
based on the electromechanical modes excited on the system. Therefore, the system’s
participation factor from eigenvalue analysis can be utilized to identify the associated
generators and their contributions to each electromechanical mode separately shown in
Figure 3. The X axis of each graph indicates the generator number and the Y axis represents
the stacked participation value of the corresponding generator’s state variables 6, w, e14,
e14, €25 and ey, for subtransient machine models [23].
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Figure 3. Participation factor information of electromechanical modes in New England 68-bus
test system.

The generators and the corresponding associated electromechanical modes can also
be identified from Figure 3, and it is summarized in Table 1. The generators with § and w
stacked participation greater than an assumed threshold value of 0.025 are considered the
generators’ valuable participation in the specified electromechanical modes, making more
reliable stability remarks based on the proposed transient stability index. The generator G,
is responsible for the electromechanical modes 2, 5, 6, and 13, and the remaining generators
until Gy with the corresponding responsible electromechanical modes are also tabulated.

The CCT value analysis of the New England 68-bus test system simulation results,
four generators Gi3, G14, G5 and Gig with decreasing CCT value over the range of A
variations and are considered as the critical generators. Compared to other generators,
the transient stability margin of the critical generators is the least, and becomes unstable
quickly during disturbances. Therefore, the generators with the lowest CCT values are
commonly considered as the critical generators. From Table 1, the critical generators’
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Generator 13

associated electromechanical modes can be identified and the proposed stability index
must be calculated only for these associated electromechanical modes.

Table 1. Generators with the associated electromechanical modes from the Figure 3.

Generators Associated Electromechanical Modes
Gy Mode 2, Mode 5, Mode 6, Mode 13
Gy Mode 7, Mode 10, Mode 11, Mode 13
Gs Mode 6, Mode 7, Mode 9, Mode 10, Mode 11, Mode 13
Gy Mode 3, Mode 4, Mode 8, Mode 10, Mode 11, Mode 13
Gs Mode 3, Mode 4, Mode 8, Mode 10, Mode 11, Mode 13
Geg Mode 3, Mode 4, Mode 8, Mode 10, Mode 11, Mode 13
Gy Mode 3, Mode 4, Mode 8, Mode 10, Mode 13
Gg Mode 2, Mode 5, Mode 8, Mode 13
Gy Mode 8, Mode 11, Mode 13
Gio Mode 1, Mode 5, Mode 8
G Mode 1, Mode 15
G2 Mode 8, Mode 9, Mode 15
Gi3 Mode 9, Mode 13, Mode 15
Gig Mode 12,Mode 14, Mode 15
Gis Mode 12, Mode 15
Gie Mode 12, Mode 13, Mode 14, Mode 15

Figure 4 plots the transient stability margin variations of the critical generators G3,
G14, Gy5 and Gyg over the range of 0 to 0.07 values of A. The generators’ proposed transient
stability margin values related to the electromechanical modes are determined separately
and plotted under the same graph with the variables K?New, Kglz\,ew, Kslf(,gw, Ksll‘%]ew and
KZ,,.,- Generators 15 and 16 show a sharp decline in CCT values, indicating more loss
of transient stability margin among the critical generators. The CCT values of generator
13 are slightly decreased from 0.28 s to 0.26 s, and the corresponding K2y, values follow
the same variations with the decrease to 0.94 of its normalized value. For generators 14,
15 and 16, the CCT values decreased from 0.30s,0.60s,0.26 s t0 0.20 s, 0.14 s and 0.02 s,
respectively. The corresponding K14, and K1, values of the generators decreased to
0.70, 0.33 and 0.19 of their normalized values, and follow the CCT curves. Therefore, the
proposed transient stability margin corresponding to each electromechanical mode shows
a more accurate transient stability margin based on the generators’ contributions to the

corresponding electromechanical mode.

Generator 14
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Figure 4. Transient stability analysis of critical generators in New England 68-bus test system.

5. Conclusions

This research proposed a new transient stability index for a multimachine intercon-
nected power system based on synchronizing the torque contributions of all other connected
generators. The proposed margin is verified with the most popular transient stability in-
dicator, CCT, and compared with the generators’ traditionally determined synchronizing
torque values. The proposed margin shows the system'’s transient stability limit in terms
of synchronizing torques for each generator separately, and is more accurate than the
traditional stability indicator, which considers only individual generators’ synchronizing
torques. Hence, the system operator can use this more accurate indication of the transient
stability index for planning and operation studies, and take essential measures to improve
the system’s stability through the concerned individual generators. The simulations are
performed over a small WSCC 9-bus test system and a large New England 68-bus test
system. For future work, the synchronizing torque contributions of all machines on the
transient stability margin of renewable penetrated interconnected power systems must be

accurately determined and verified.
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STC Synchronizing Torque Coefficient
CCT Critical Clearing Time

WSCC  Western System Coordinating Council
PSAT  Power System Analysis Toolbox

TEF Transient Energy Function

EEAC  Extended Equal Area Criterion

SMIB Single Machine Infinite Bus
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Appendix A. Details of Test Systems

Table A1l. Initial load bus data of the WSCC 9-bus test system for the simulations.

Load Bus Name Active Power Demand (pu) Reactive Power Demand (pu)
Pro Qro
Load 5 1.25 0.5
Load 6 0.9 0.3
Load 8 1 0.35
Total 3.15 1.15

Table A2. Initial load bus data of the New England 68-bus test system for the simulations.

Load Bus Active Power Reactive Power Load Bus Active Power Reactive Power
Demand (pu) Demand (pu) Demand (pu) Demand (pu)
Name Py Qro Name Py Qro
17 60 3 45 2.08 0.21
18 24.7 1.23 46 1.507 0.285
20 6.8 1.03 47 2.031 0.3259
21 2.74 1.15 48 2412 0.022
23 248 0.85 49 1.64 0.29
24 3.09 —0.92 50 1 —147
25 2.24 0.47 51 3.37 —-1.22
26 1.39 0.17 52 1.58 0.3
27 2.81 0.76 53 2.527 1.186
28 2.06 0.28 55 3.22 0.02
29 2.84 0.27 56 2 0.736
33 1.12 0 59 2.34 0.84
36 1.02 —0.1946 60 2.088 0.708
39 2.67 0.126 61 1.04 1.25
40 0.6563 0.2353 64 0.09 0.88
41 10 2.5 67 3.2 1.53
42 11.5 2.5 68 3.29 0.32
44 2.675 0.0484
continue Total 176.2063 19.718
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