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ABSTRACT

A nonlinear uncertainty analysis methodology based on the use of
first and second order sensitivity coefficients is presented. As a

practical demonstration, an uncertainty analysis of several responses
of interest is performed for Test 177, which is part of a series of
tests conducted at the Thermal-Hydraulic Test Facility (THTF) of the ORNL
Engineering Technology Division Pressurized Water Reactor-Blowdown Heat
Transfer (PWR-BDHT) program. These space- and time-dependent responses

are: mass flow rate, temperature, pressure, density, enthalpy, and water
quality - in several volumetric regions of the experimental facility.

The analysis shows that, over parts of the transient, the responses
behave as linear functions of the input parameters; in these cases,
their standard deviations are of the same order of magnitude as those of

- the input parameters. Otherwise, the responses exhibit nonlinearities
and their standard deviations are considerably larger. The analysis

also shows that the degree of nonlinearity of the responses is highly*

dependent on their volumetric locations.

.
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I. INTRODUCTION

The purpose of this report is to present a nonlinear uncertainty
analysis methodology based on the use of first and second order sensi-
tivity coefficients and to illustrate its use in a practical application.

The methods described in this report are new, although a general treat-
ment of nonlinear uncertainty analysis has been studied.I |

|

As a practical application, the methodology is employed to per- i
form a sensitivity and uncertainty analysis of Test 177, which is one

2'

of a series of tests conducted at the THTF facility of the Engineering
2Technology Division's PWR-BDHT program. Using a locally modified

version of the RELAP4 code (RLPSFLUX)3 to model the experimental facili-*

'

ty, sensitivity coefficients of a set of system responses to various

input parameters have been determined. These coefficients have in turn
been used to compute the uncertainty in the responses due to experi- i

Imental uncertainties in the input parameters.

Since the uncertainty analysis of Test 177 presented here is only |
intended to serve as an illustration of the practical application of|

this methodology, rather crude estimates of the standard deviations
of the input parameters were employed. Consequently, the calculated
response uncertainties can be used to provide only a qualitative de-
scription of the physical behavior of the system. This is clearly not
a limitation inherent to the methodology, but rather a reminJer that

a good uncertainty analysis must be based on cr9dible estimates of the
uncertainties in the basic data.

.

In Test 177 of the BDHT program, a bundle of electrically heated

,
rods is subjected to a double-ended break simulating a LOCA with
conditions (such as temperature and water pressure) approximatin. those

of a nuclear fuel bundle. The RELAP4 model of the test section of the
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experimental facility is diagrammed in Fig.1, with the bundle of
heated rods contained in volumes 18 through 28. The calculations are
bounded hydrodynamically by conditions calculated from data acquired
in instrumented spool pieces located at junctions 36 and 38. A set

4of boundary condition heat fluxes, calculated by the ORINC code from
measured temperatures, are applied to the bundle as shown. The input

parameters considered are the inlet and outlet mass flow rate, the
enthalpy of the water at the inlet, and tne heat fluxes. The system
responses are the mass flow rate, temperature, pressure, enthalpy,
density and water quality in various regions of the facility. Note
that both the responses and the input parameters are the time-depend-
ent quantities.

For each response, the following have been calculated:

1) First and second order sensitivity coefficients (with respect
to each input parameter), '

2) The expectation value of the response, and
'

3) The variance and standard deviation of the nominal and expec-
tation value of the response (using sensitivity coefficients,
and the variance of each parameter).

The uncertainty analysis methodology is described in Sections II
and III and its limitations and advantages are discussed in Section IV.

The procedures followe'i in the analysis are outlined in Section V, the
pertinent results are presented in Section . and the conclusions are
summarized in Section VII.

II. SENSITIVITY COEFFICIENTS

The following nomenclature is adopted here for the purposes of
sensitivity and uncertainty analysis:

O = The vector whose components a) . . . . , N, are the set of nominalo

values of the N input parameters,

o = The vector whose components a) + Ao),..., og + Aag, are the
'

set of perturbed values of the N input parameters,

R( 0) = The nominal value of the response
'

R(c) = The value of the response calculated using the set of perturbed
parameters.
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Assuming the responses to be nonlinear functionals of the input
parameters, the following second-order approximation is employed to

represent the change AR in a response R(o) due to changes aoj in the
parameters o :j

N N N

R 3 (1)AR = R(i) - R(o ) = , 3,j + 9q 9 , 3y1 yjg
,I 3i=1 i=1 j=i

The derivatives and are the required first and second order
a 3

sensitivity coefficients, respectively. The second derivative will be
termed a " mixed derivative", when i/j.

The first and second order derivatives, but not the mixed deriva-

tives, are obtained by running the RELAP code twice for each input
.

parameter. In the first run, the parameter og is changed by (+aa )j
giving a change in the response denoted by AR while in the second

j,4 ,

run o$ is changed by (-aoj) with the corresponding response change

2,i. For such runs, Eq. (1) shows that AR),$ and AR2,idenoted by AR

are given by

+fa aoj (2)AR ,j = 31 ac

and

AR ,1 = a ^i+ af (3)2

respectively. The system consisting of Eqs. (2) and (3) can be solved
for the sensitivity coefficients, to obtain

3R 1,j - ARAR 2,i
I4)"

ao. 2a0 '

1 1

and
AR3R 1,j + AR2,i ~2

aoZ 2
*

i 60
1

-



-

5

respectively. For N input parameters this procedure requires 2N+1
RELAP runs, i.e. 2N runs using perturbed parameter values and 1 run

using the reference values of the parameters.

The mixed derivatives are obtained in a similar manner, but by

changing two input parameters at a time. Thus, changing the parameter

g by +aag and running RELAP once givesc4 by +aag and the parameter o
Then, according to Eq. (1),a change in response denoted by AR3,$j.

we have

3,$3=|,j ocj + 8R 3,j , J

a
AR 3, , 3 + ao ao ^ i^ j3,j a j

(6)
2aR aoj a , M= ARy,j + AR3,j + g,j ,j

a .

jg

.

Equation (6) can therefore be used to obtain the mixed derivatives in
terms of known quantities, i.e.*

3R _ 3,$3 - (AR1,j2 AR + AR1,3)
aacj aj ao aajj

To compute all of the mixed derivatives for N input parameters would

requirefN(N-1)RELAPruns. Hence to compute all of the first and

second order derivatives would require f N(N+3)+1 runs.

III. NONLINEAR UNCERTAINTY ANALYSIS

The starting point for nonlinear uncertainty analysis is the Taylor
expansion of the response around the nominal value o of the inputg

parameters. The second order approximation is given by

N N

3

R(c ) + 7_, 3,1
~ 6co , 5+2R3 i j

30 30]-
' j (8)i=1 i,j=1

N N
'

+1
R( 0) + i=1 i ,{J =l

60=
i 1 2

i,j "i j
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where R(E ) is the nominal value of the response, and 6aj (i=1,...,N)g
are the variations in the input parameters.

The variance of R relative to R(i,) is given by:
c.

N

,[ Sj ( 6cj )var [R(i )] = ( [R-R(A )]2 ) =g g
i=1

N N

3 ( 60 6a > + [+[ S S S0k ij(6 k j 3)6c 60
4 j, 9 1.J,k=1,,

1,J=l
i/j (9)

N

+{i,]=1 Qij ((6o 603)2>[ 3

N

+f,J,k,m=11, , [ Q Qkm ( 6c 60 6 k m6
jj 5 3

~

' '*
where

([R-R(i)]2)= [R-R(o )]2 f(ci....,o ) dot...dy....

g g g (10)
,

(60$ ) = Var (c$) , (10a)2

(10b)(6a 6a ) = Cov(oj j)o ,

g j

and f(ci,..., N) is the joint continuous probability density function
(p.d.f).

If the input parameters are uncorrelated, we have:

f(ci.....o ) = f (o ) ... f (o ) . (11)
n 1 1 nn

.

%
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6 6a ) are all6a ), (6a$ aj6 6o ), and (6c56o3 k mHence, the quantities (6aj kj
equal to zero for ij / km, im / jk, and ik / jm. Thus for uncorrelated
input parameters, Eq. (9) can be simplified and written as

N N

var [R(o )] = ,E Sj< 6cj) + f ,E Qjj( 6cj )g
1=1 1=1

N N

3)2>+1E Q j jj ((60 60j)2>+ f E Qjj ((60 o60
,

g 55 4 1.J=1 (12)i,j=1

i/j i/j

N

, [ Q jj jj ((6c 6c )2 >Q+ j ji,J=1
i/j

However, since Qjj = Q j, and since

((6aj c )2> = 2f (o ) do) (13)6cif (o ) doj6
.

60
j j j j

= var (o ) var (oj)j ,

equation (12) becomes

N

var [R(o)]=,[Sfvar(o) ,[ Q{j var (o ) var (o))+
gg j ,

1=1 1>J

(14)

var (o)vaia)+f,[N Qjj(Soj),[Q Q '

+ .j jjj jj
1>J 1=1

If the p.d.f. are nornal distribution functions, it can be e,hown
that

( 6aj > = 3 ( Soj >2 = 3[ var (cy)]2 (15)

O
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For nonlinear problems, the expectation value of R = (R)= if is
not equal to R(o ); in fact, it can readily be shown that for a secondg
order expansion the following relationship holds:

li = ( R) = R(I ) + f [J=1 Qjj ( 6c 6c ) (16)g j j .

i,

If the input parameters are uncorrelated, Eq. (16) reduces to

N

ii = R(o ) + f Qjj var (oj) .

g

Taking into account Eq. (16), the variance of R relative to li can be
determined as

var (li) = ( (R-ii) 2 ) = var [R( o )]g

N

- [ Qfj ( 60 j 3) (60 603)
'

60 j
1,J=l (18)
,

.

N
l [ Q Qkm < 0 i j)(6 k m0 6
4 , J , k ,m=1 jj1, ,

-

ij/km

For the case of uncorrelated input parameters Eq. (18) can also be
simplified, to obtain

var (li) = var [R(o )] - f ,[N Qyj[ var (oj)]2g
1=1

(19)

1 N

2 [ Q jQ var (o ) var (oj)
, , j jj j
1 >J

.

A simple comparison between Eqs. (19) and (14) reveals that var (ii)
< var [R(o )].

'

g
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Thus, for uncorrelated input parameters, the variance of the
response is dependent on the sensitivity coefficients and on the var-
iances of the input parameters [of Eqs. (14) and (19)]. It should also
be noted [c.f.Eq.(14)] that even if the input parameters are uncorre-
lated, the mixed derivatives Q are still contributing to the variance

53
of the response.

IV. ADVANTAGES AND LIMITATIONS OF THE METHODOLOGY

Since the methodlogy is based on a second order Taylor series
expansion of the response about the nominal value of the input parameter,
all sensitivity coefficients higher than second order are assumed to be
negligible. For responses which behave linearly (or weakly nonlinearly)
as functions of the input parameters, this is an adequate approximation.

,
However, for responses which exhibit a strong nonlinearity the inclusion
of only a single nonlinear term in the expansion is insufficient for a

valid uncertainty analysis. (A number of such cases are presented andc

discussed in Section VI of this report). The above mentioned assumption
also leads to loss of accuracy in systems where the uncertainties in
the input parameters are very large (>100% of the parameter value),
because the higher order derivatives in the expansion would be multi-
plied by large numbers and would give rise to non-negligible contri-
butions.

A major factor in determing the practical usefulness of a method-
ology is the incurred cost. For this me"hodology, the cost is mainly
determined by the number of computer runs needed to calculate all of the
sensitivity coefficients. As has been shown in Section II, this number

is f N(N+3) + 1, (where N is the number of independent input parameters);
therefore, it is practical to employ this method only when N is not too

large. However, this limitation is less severe as compared to those
commonly used uncertainty analysis methods which are based on variations

'

of the Factorial S'. ratified Samling (F55) approach.5 The number of

computer runs needad in the FSS approach is I", where I is the number of,

levels (intervals) cssociated with each input parameter. Even in the
simplest case (i.e. when I = 2), the number of computer runs required
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in methods utilizing the FSS approach quickly surpasses the number
required in the new methodology as the number of input parameters in-

0
creases. Comparatively, only the adjoint uncertainty analysis method
requires fewer computer runs than the methodology presented here.

In the application presented in this work, the number of input
parameters is small (N = 12), but they are all time dependent. In order
to correctly preoict the time dependence of the response uncertainties,
each input parameter at each time step should be treated as an indepen-
dent parameter. However, this would lead to a total number of NK (where
K is the number of time steps) independent parameters. Since there are
401 time steps in the Test 177 data, this problem would clearly be too
large to address. However, the standard deviations of the input param-
eters are time independent (or at least constant over large time inter-
vals). Therefore, sensitivity coefficients can be obtained from Eqs. 4,

5 and 7 by taking acj (for each input parameter i) to be equal to the
~

standa.d deviation (of the parameter i) for all time steps. Time de-
,

pendent sensitivity coefficients for each parameter can thus be generated
while reducing the number of independent parameters from NK to N. The

uncertainty analysis is then applied to each time step independently,
using the sensitivity coefficients calculated for that time step.

Finally, it should be mentioned that in addition to the approximations
discussed above, the present uncertainty anal) sis of Test 177 is based
on the assumption that the input parameters are not correlated. This

limitation is not inherent to the methodology, but has been necessitated
due to the lack of data to describe such correlations.

In summary, the methodology presented in Sections II and III is
accurate to second order and can easily be implemented in the analysis
of complicated computer codes. In practice, however, it cannot be

applied to problems involving a large number of input parameters and
has not yet been employed to analyze problems involving correlated

'

input parameters.

.
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V. PROCEDURE

f The 12 input parameters considered in this study are listed in
Table 1 along with their 4-character identifiers (RELAP nomenclature)
and their respective standard deviations. Also listed is the (percent)
ratio of the standard deviation to the nominal value of the parameter

at time zero. Table 2 lists the 21 system responses for which sensi-
tivities were calculated. The responses in regions 27, 23 and 19 are
near the top, middle and bottom of the heated core, respectively.

A fairly automated and general system was developed for producing
sensitivity coefficients and response variances. This sytem consists

of: (i) the RELAP code, (ii) several auxiliary codes 'O for manipu-
lating the input to and output from RELAP, and (iii) several interac-
tive programs to perform the sensitivity and uncertainty analysis.

- The steps followed in generating the sensitivities and variances for
each response are outlined below.

.

(1)Maketheappropriatechangeintheinputparameper. If the
parameter is one of the heat fluxes, the REDSEL program is
used. If the parameter is the inlet enthalpy or the inlet
or outlet mass flow, the interactive program RLPCRE9 (on the
PDP-10) is used.

8(2) Run the RELAP code and use the REDPLOT program to produce a
card-image file containing the 21 desired responses.

(3) Produce an unformatted (binary) file on the PDP-10 from the
c rd image file of step 2.

(4) Calculate the first and second order sensitivity coefficients
by using the two response files corresponding to positive and
negative parameter changes, and the file with the reference
response values and place them in a binary file on the PDP-10
for later use.

(5) Calculate the expectation value of each response and the
standard deviation of the nominal and expectation value of
the response by using the sensitivity coefficients (for all
the input parameters) generated in step 4.'

.
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Table 1. Input Parameters

Standard Deviation /
Parameter Identifier Standard Deviation 10 Parameter et t=0

3
_

(%)

Inlet mass flux JW38 45 6.5se ft2

Outlet mar, .ux JW36 75 f r 03 1 55 sec 11.01sec ftz

85 f r 1.55 <t <2.7 sec
se ftz

30 f r 6 2.7 secsec-ftz
Btu

Inlet enthalpy JH38 8 1.5
]

Heai. flux #3 FR03 25000 f r 035 5 sec 7.10
hr tz

.

7900 f r t>0.5 seche tz
.

Hea' fluxes #4 through #11 have the same standard deviation as #3,
and have the identifiers FR04, FR05, FR06, FR07, FR08, FR09, FR10 and
Exil, respectively.

Table 2. System Responses

Response (s) Identifier (s)

Pressure in volumes 27, 23, 19, 32 AP27, AP23, AP19, AP32

Temp. in volumes 27, 23, 19, 2, 16 AT27, AT23, ATl9, AT02, AT16

Water density in volumes 27, 23, 19 AR27, AR23, AR19

Enthalpy in volumes 27, 23, 19 AH27, AH23, AHl9

Water quality in volumes 27, 23, 19 AX27, AX23, AX19

Mass flow through junctions 27, 23, 19 JW27, JW23, JWl9

.

e
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VI. RESULTS

The nominal and expectation values of each of the responses
specified in Table 1 as well as their standard deviations are listed

in Appendix A as functions of time. (Expectation values are labeled

" average".) All these quantities have been calculated according to
the formalism outlined in Section III of this report; however, the
contributions due to the terms containing mixed derivative have been
considered to be negligible.

It has been found that, if the calculated nominal and expectation
values of a response differ by a small amount only, the second order
derivatives are small and the response is linear with respect to changes
in the respective input parameters. In most of such cases, it has also

been found that the first order derivatives are small. Although " path-
- ological" cases could be found such that the first and second order

derivatives are both small while the mixed derivative is large, this
* was assumed not to be the case in the present analysis. The validity

of this assumption has been confirmed by calculating the mixed deriva-
tives for several of those cases which were judged to be most likely
" pathological" (in the above sense); these mixed derivatives have been
found to be quite small.

For comparison purposes, the resonse is considered " linear" with
respect to the input parameters if the expectation value is within
10% of the nominal value. This criterion is intended to serve merely
as a guideline regarding the behvaior of the response. Conclusions
based onthe numerical results presented in the Appendix can now be
drawn for each of the responses.

Pressure

For all volumes considered, the pressure can be considered to be a
"linei ' function of the input parameters. The nominal and expectation,

values do not differ by more than 10%; most of the time, in fact, the
difference is below 3%. It is a general trend of all of the responses.

that the departu e from linearity is time - and position - dependent.
For example, a slight nonlinearity can be noticed at 1.55 seconds into
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the transient. At this point in time, the difference between nominal
and expectation values reaches 9.5% for the volume at the middle of I

the heated core, while the difference immediately before and after -

this point is 1-2%. The position effects are also noticeable, with
differences between the nominal and the expectation values being lower
at the top and bottom of tb heated core than in the middle.

The ratio between the standard deviation and the value of a response

is a relative measure of the ancertainty of the response. For the
pressure, which can be considered to be a linear response, the calcu-
lated values of the star.dard deviations of the nominal and expectation

values, respectively, differ also by a small amount only. As will be
seen later, t'.is is .,ot so for non-linear cases. However the time

variation of the standard deviation is markedly in contrast to the

time variation of the difference between the nominal and expectation
values of the response; the values of the standard deviation ranging

~

from about 2% of the response value in the middle to about 10% of the
.

response value at the ends of that portioa of the transient we have
analyzed. Due to the essentially linear behavior of the response,

the calculated standard deviation of the pressure is considered to

be quite accurate.

Temperature

The temperature in a volume shows larger variations both in time
and position than the pressure. Thus, consider the response to be
the temperature at the top of the heated core, i.e. in volume 27.

This response may be considerad as linear up to about 2.4 seconds into
the trantient. After this point, the expectation value departs rapidly
from the nominal vaPue, becoming too high by a factor of two at 2.75
seconds. As with the pressure, the standard deviations of the nominal
and expectation values are very close over the range where the temp-
erature behaves linearly, but the time variation is different. The

,

ratio between the standard deviation and the resonse value ranges from
very iow (.25%) at the beginning of the transient to about 2% at the .

limit of linearity. Beyond this point, the standard deviation



|
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approaches the value of the response itself; at the same time, the
,

expectation value of the response becomes significantly lower than
- the nominal value of the response. The latter effect is apparentlyo

due to the fact that the omission of the mixed derivative has resulted
in an ur erestimation of the standard deviation.s

The spatial behavior of the temperature is similar to that dis-
played by the pressure. Thus, the temperature is somewhat more non-
linear in the middle of the heated core than at the top and bottom;

in time the departure from linearity becomes pronounced at 1.3 seconds
into the transient in volumes 19 and 23, and at 2.1 seconds in volume

16. Beyond this point, the responses show the same trend as in volume
27. Outside of the heated core the temperature in volume 2 is linear
at all times.

.
Density

Unlike the pressure and temperature responses, the water density
' in volume 27 displays a very pronounced variation in time. The dif-

ference between the nominal and expectation value varies between a
low of 2% and a high of 15% for times greater than 0.25 seconds, at
which point in time flow reversal takes place in the system. Before

this point in time, the inlet flow is still into the system and the
response is very linear, with differences less than .4%. Similarly,

the ratio between the values of the standard deviation and the response

is very low before 0.25 seconds, but thereafter increases in time,
approaching 100% at 2.75 seconds.

The behavior of density as a function of position is also differ-

ent than that of the pressure and temperature responses. The non-lin-
earity of this response becomes more pronounced towards the bottom
of the heated core. At 2.75 seconds, for example, the difference

between the nominal and the expectation values is 9% at the top of
the core, 18% in the middle and 22% at the bottom. It is there/ ore-

apparent that the water density can no longer be considered tc be a
' linear response after the point of flow reversal.

:
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Entaalpy
.

Up to the time of flow reversal (i.e. at 0.25 seconds) the enthalpy
behaves linearly with respect to the input parameters. After flow re- ,

versal takes place the code calculates the functions which determine the
enthalpy internally regardless of the values of the input parameters.
Thus the results presented for the enthalpy represent, in fact the aver-
age change in the enthalpy due to the changes in the input parameters
in the first 0.25 seconds. They should not be interpreted as " standard
deviation" in the usual sense.

Water Quality

The spatial variation of the water quality is roughly similar for
all three volumes (i.e. volumes 27, 23 and 19). In time the departure

from linearity occurs at about 1.4 seconds for all three volumes. It

should be noted, however, that the absolute magniude of the standard .

deviation is (Nite large, being about the same order (of magnitude)
as the absolute magnitude; of the response itself. -

_ Junction Mass Flow Rate (

The mass flow rate in all volumes considered is clearly linear up
through 0.15 seconds, but becomes markedly non-linear at all later
times. This phenomenon is undoubtedly related to the flow reversal
at 0.25 seconds. The stendard deviations are about 10% of the response
values in the linear range, and 100% or more in the non-linear range.
The effects of position (in the incated core) are negligible.

VII. SUMMARY AN) CONCLUSIONS

The sensitivity coefficients of a set of system responses to varia-
tions in several inpJt parameters have been calculated and used to de-
termine the standard deviations of the responses due to the uncertain-
ties in the parameters. It has been shown that each response can be

considered to be linear over only a portion of the transient; the
'

approximate equality between the non.inal and expectation values of
-

the response has been used here as the criterion to define linear
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behavior. For most of the responses the position in the system at which
,

the response is calculated has been found to influence their behavior.

Over the time range when a particular response cen be considered-

linear, the standard deviation of the response has been found to be of
about the same order of magnitude as the standard deviations of the
individual input parameters. However, when the response becomes non-

linear, its estimated standard deviation has, in most instances, been
found to be much larger than the stendard deviations of the input param-
eters. It is also n:ted that the standard deviations of the responses

are in general underestimited due to the omission of the mixed deriva-
tive terms. Additional investigations of the contribution arising
from the mixed derivative term would clearly be required to obtain more
accurate values for the standard deviations of markedly nonlinear

responses.
.

9

9
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' Appendix j

1

Standard Deviations of Nominal and Expectation Average Responses

l

RESD0h5E 2 AD27*

NOMINA 1. AVEAAGE NOMINAL AVEAAGE
TIME RESPON1.E RE$DONSE STODEV STDOEV

0:00 2.?t'EA?' 2.26?5Ae2 S.SE'0? 0.0"+00
0 05 2.276t+03 2 27JF+0J 1.4E+02 1 4E+02
0 10 2.243E+03 d.231E+0J 2.RL+02 2.8E+n2

| 0 15 1.9996+03 2.077F+0J 4.lE+02 4 1E+02
---G:20 3.tt*S&WJ 1.95t5^02 5.2E^02 t.2Et02

0 25 1.377E+03 1.Jt7E+03 4.9E+08 3.2E+0!
0.JO 1.371E+03 1.J3bE+0J 3.2E+01 2.JE+01

1.360 35 v s&2E+03 1. 3 m an +a.0 3 2.0E+01 2. 0E+0151E
cani._* . i scans swim

6.45 5.3b35+63 5.345U+C3 i'5E+61 5.4E+6I.
0 50 1.J586+03 1.J62E+0J 1.9E+0i 1.9E+01
0 55 .t.J63E+03 1. . J 4 7 E + 0 J 7.tE+0,1 1.8E+2 _ i r i,01.isneens _stic6ni s scann_&n

.

6.55 i.3585+63 i.3595+63 i;iE+6I 2.55+65
0 70 1.35SE+03 1.J54E+03 2.3E+01 2.JE+01.

0 75 1.355E+03' 1.J38E+03 2.7E+0! 2.4E+01a_m. i_sannans _in naan s acani s_nnini

6.55 i.3455+U3 1.349E+d3 i'9E+65 5.95+6i.
0 90 1.346E+03 1.J2JE+0J 3.5E+01 J.lE+0! '

O.95
1. 3 J..F E + 0 3 1. . J 4 b E + 0 J. J 5L.+no01 J 5E+01

'

i_mm .
c.n, - isi .m .< i_. .mi

i.di i;33aE+63 i;3244463 3;9E+5i 5.9i46i
1 10 1.326E+03 1.J36E+03 4.0E+01 3.9E+0!
1 15 1.326E+03 1.317E+0J 4.5E+01 4.4Et01
i_m. i ssanans i_is2=ani . acani *_arion

i.25 5.J165+U3 5. JIBE +53 4 ". 7 E + 61 4.8E+55
1.J0 1.314E+03 1.Jt!E+0J 5.0E+01 5 0E+01
1.J5 1.310E+03 1. J 0 M F + 0 J, 5.0E+0! S.uE+01
i_*a _inacent i_2msr*n a acani (_Trani

5 45 5.258d+63 i;5795+63 6;35+61 6.hi+6i
1 50 1.286E+03 1 266E+0J 6.7E+01 6.6E+01
1 55 .1.257E+03 1.J39E+0J 8.8E+01 7 1E+01
i_m i_sismans _mmunani a seani &_ inia,

i.55 5.sb3t+63 5.2735+03 5;8E+65 5.iE+ci
1 70 1.255E+03 1 211E+0J 6.6t+01 6 0E+01
1 75 ,1.242E+03 1 230E+0J, 6.2E+01 belE+nt
i_na _2146+ni ,_;nscen &_Tcani A_Arani

i.85 f.2235+ 3 5.2555+63 6.75+61 6 7E+65
1 90 1 21SE+03 1.227E+03 6.7E+01 6.7E+01
1 9S 1.2115+03 1.205Et03 6.8E+01 6.8E+01m nn 2narant 3_gairany v;icans ,_grang
2 05 1.199t+03 1 1AJE+0J 7.4L+01 7.4E+01
2 10 1.191E+03 1 189E+0J 7.6E+01 7.6E+0!
2 15 1.185t+03 1 179E+SJ 7.7t+01 7.7E+el
?-20 1:!"0E*a' 1:!gur+g3 n;nt4gi n_grang
2 25 1.176E+03 1 163E+0J 8.3E+01 8.JE+01
2 30 1.170E+03 1 156E+03 8.6E+01 8 . tic + 01
2 35 1.164E+03 1 156E+03 8.6E+01 8 6E+01s.a n_nava+nt 3_ guar +ny a:Tr+ne m.vrann
2.*5 1.155E+03 1 147F+03 P.PE+01 H.8E+ct
2 50 1.153E+03 1 142E+0J 9.0E+01 9 0E+01
2 55 1.150E+03 1,13bF+0J, 4.3L+01 9.JF+01g.ua 3 ass +ai rgisr+c a;aE+gi u . a r a n _iu

- 2 65 1.14tE+03 1 134E+03 9.5E+01 9.5E+01
2 70 1.139E+03 1 131E+03 9.8E+01 9.8E+01
2 75 1.136E+03 1 125E+03 9.9E+01 9.8E+01

.

*See Table 2 (p.12) for definition of AP27 and subsequent identifiers,
i

.-
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RESPONSE = A727

NOMINAL AVEAAGE NOMINAL AVERAGE
TIME DESPONSE RES00NSE STDDEV STDDEV
. -. . ,,,,i ,

b'05 5.85tE+6E
. ----x-, - --x-- - - ---

5'856k+62 6'6EE65 9.9EEN1. . .

0 10 5.844E+02 5.842E+02 2.0E+00 2.uE+00
0 15 5.831E+02 5.U31F+02 2.4L+00 2.9E+00
0.20 "r&ttC+02 5.e&5Ct02 2.0 Lie 0 J.2E40e
0 25 5.830E+02 5.524E+02 1.5E+00 1 5E+00
0.J0 5.843E+02 5.ul0E+02 3.lE+00 2.2E+00

l 0 35 5.8J4E+02 5.824E+02 1.9E+00 1.9E+00'

O . "O " . " 11% ^t t ". . t? ti ^ t! ". 1"J tt ". . " it t!. .

0 45 5.8J6E+02 5.821E+02 1.7L+00 1 4E+00
0 50 5.83tE+02 5 835E+02 1.8E+00 1.6E+00
0 55 5.835E+02 5.620F+02 2.0E+00 1.8E+00
0.50 ".5205^O2 t.d t45 t02 2 . 2 0. + ; 0 2.05000
0.b5 5.83tE+02 5.831E+02 2.lL+00 2 1Et00
0 70 5.824E+02 5.827E+02 2.3E+00 2.3E+00
0.75 5.828E+02 5.812E+02 2.6E+00 2.3E+00 .

0.00 ".5220t03 ".52?";02 2.nC000 2.0";o0
5 819E* 5.622E+02 2.8E+00 2 8E+000 85 5.8196,020 90 02 5.794E+02 3.5E+00 3 0E+00

0 95 5.811E+02 5 819E*02 3.4E+00 3.3E+00
;.00 5."055^;2 5. ::Et02 2.2;+00 2.25t0e '

1 05 5.806E+02 5.802E+02 3.8E+00 3 8E+00
1 10 5.800E+02 5.809E+02 3.9E+00 3.8E+00
1 15 5.800E+02 5.790E*02 4.4E+00 4 3E+00
;.20 5.'?^5^0? 5.?995^02 5L*00 .55t00^ ^

1 25 5.790E+02 5.789F+02 4.7E+00 4.7E+00
1 30 5.788E+02 5.784E+02 5.0E+00 5 0E+00
1. 35 5.764E+02 5 7,8,t E + 0, 2, 4.9L+UO 4.9,E+00m. = v a s m A. s c , ci - m im a m e.

ii45 5.7f2E+65 SAI53E+6E 6.3E+06 6.'2E+h0
1 50 1.7btE+02 5.737E+02 6.8E+00 6.6E+00
1 55 0.731E+02 5.812E+02 8.8E+00 7 1E+00
.00 tr1434^02 ".?"?"+02 5.20^00 5.25t^0

*

1.b5 5.727E+02 5.746E+02 5.9E+uo 5.8E+00
1 70 5.729E+02 5.b82E+02 6.8E+00 6 2E+00
1 75 5.715E+02 5.707E+02 6.3E+uo 6.JE+00
;.S^ ".?e ?d'02 5.tS2E^0J ?.0;^00 t. set 00
1 85 5 696E+02 5 695E+02 6.9E+00 7 0E+00
1 90 5.687E+02 5 697E+02 7.0E+00 7 0E+00
1 95 5.683E+02 5.674E+02 7.2E+00 7 2E+002.00 ".5?"f*02 5.t" f+02 '."C^0" ?.""t00
2 05 5.67tE+02 5.b50E+02 7.9t+00 7.8E+0U
2 1C 5.662b+02 5.05bE+02 M lL+00 BelF+00
2 15 5.656E+02 5.046E+P2 8.3E+00 8.JE+n0
2.40 ".55!E^02 5.t2^5t02 9.tL*00 0.tSt0;
2 25 5.646E+02 5.628E+02 9.0E+00 8.9E+002.J0 5.640E+02 5.619E+02 9.3E+00 9 3E+00
2 35 5.633E+02 5.620E+02 9.4E+00 9.3E+002.00 ". 520 ^02 ".t?2r+02 0.5;*00 0." t00
2 45 5.624E+02 5.795E+02 1.5E+01 1.3E+0!
2 50 5 62tE+02 b.110E+02 4.5E+01 3.eE+ot
2 55 5.616t+02 0.blJF+02 8.bE+ul 7.JE+nt2.10 0.5:2 ^02 7.;*25t02 2. Sit 02 1. tit 02
2 65 5.608E+02 8.474E+02 2.8E+02 2.4E+022 70 5.606E+02 9.690E+02 4.0E+02 3 5E+02 -

2 75 5.603E+02 1 079E+03 5.lE+02 4.4E+02
_

|
,

i

|
|
t
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RESPONSE 3 AA27

NOMINAw AVERAGE NOMINAL AVERAGE
TIME RESPONSE RE5PONSE STDDEV 57DDEV

^3td'^! ^;^39E'0! e.eE^ce 0:0E2000:0S ^ ;

0 05 4.442E+01 4.442E+01 7.lE=02 7 1E=02
0 10 4.444E+01 4.44dE+01 1.3E=01 1.3E=01
0 15 4.432E+ut 4.434E+01 1.8E=01 1.8E=01
^:20 ^;39tE'91 t;^!SE'01 2.^E-01 2;1E-01
0 25 4.368E+01 4 33bf+01 3.6E=01 3 2E=01
0 30 4.196E+01 3.825E+01 3.7E+00 2.9Edf0
0.35 3.762E+01 J.692E+01 2.6E+00 2.6E+00
0:^^ *:^???'9' 2:3&agap3 3;ggAga 3 3mieg
0 45 3.116t+0! J.OldE+C1 2.4h+00 2.JE+09
0.S0 2.759t+01 d.MJ9E+01 2.2Es00 2.2E900
0 55 2 4d4E+01 2.J99E+01 2.lt+00 2 0E+00
n_mn s_suosani ;_;*2c6ci 2 nuann i_arian

6.6h 1.9675+ 5' IE9245+65 IE 5+66 j.95+66
0 70 1.664E+01 1 703E+01 1.6E+00 1 6E+00
0 75 1 476E+01 1 423E+01 1.6E+00 1 6E+00

- Or** !;2^^5'9! !;??'E'9! ".tE*0a 1:SE^^0
0 65 1.tJ9E+01 1 170E+01 1.3E+00 1.JE+00
0 90 1.003t+01 9 469E+0p I.4E+00 1.JE+00
0,.95 8,.546t+00 9,.249E+00 1.3E+00 1.JE+00

_nn _s ssaun _m&acano e it aun i_ician
' i.65 6.793E+66 7 '. 661 E + 66 i '. l E + 6 6 i'ii+66.

1 10 6.150E+00 6.400E+00 9.9E=01 9 8E=01
1 15 5.603E+00 5 968E+0C 9.9E=01 9 6E=01
3 gn m;ningaan a;svanacy a,ve_ni a;gr_n3
1.J5 4.952E+00 4.918E+00 8.8E=01 8.8E=01-
1.Jo 4.65tE+uo 4.900E+00 1.lE+00 1 1E+00
1 35 4.JJJE+00 4.ShvE+0u 1.0L+00 1.JE+00
!:^0 ^;!? E'9a 5;e2GE'au ?;3E'^0 !:2EA00
1 45 4,123E+00 0 175E+00 2.2E+00 1 9E+00
1 50 4.469E+00 5 128E+00 1.5E+00 1 4E+00
1 55 5.45tE+00 4 116E+00 2.lE+C0 2 0E+00
! Sa S;^^ageng *;agggang s;3 gaga 3 3 ring
1 65 5.616E+00 b.730E+00 3.0E+00 J.OE+00
1 70 6.364t+00 b.435E+0g 2.7E+00 2.8E+00
1 75 6.205t+u0 9.235E+00 4.lE+00 J.bE+00
1ne 6: a$ng6nn v_ggscang i;agagn 3 arang
1 85 7.420E+00 7.431E+00 3.7E+00 3e7E+00
1 90 7.882E+00 7 442E+00 4.6E+00 4 6E+00
1 95 7.867E+05 6.58SE+00 4.8E+00 4.8E+00
g.nn v_vaas+3n a.msstaan a acann m ara 9n
2 05 8.240F+00 8.58bE+0u 4.RE+00 4.8E+00
2 10 8.481'i+u0 6.S9JF+0C 5.2E+00 5 2E+00
2 15 8.886E+00 7 79JE+09 5.5E+00 5 5E+0c
S.2n a_771sean n.uoar+nn <_ar+nn s.arann
2 25 8.737E+0 9.253E+06 6.05+ 0 6 0E+8
2 30 8.833E+00 8.736E+00 6.0E+00 6 0E+00
2 3% 8.93tE+00 3 675E+00 6.2E+00 6 2E+00 ,

s.an e taur +nn a nior+nn n nr+nn s.arann ;

2 45 9.041E+00 8.Sl5E+00 6.7L+00 6.7E+00 l

2 50 8.750E+00 9.20uE+00 6.9L+00 6.9E+00
'

2 55 8.650E+00 8.e30E+00 7.0E+00 7 0E+0g
3.un a Maas+nn a 5nar.pg v;ng69n v.grang
2 65 8.485E+00 8.488E+0u 7.lE+00 7 1E+00

'
2 70 8.488E+00 6.324E+00 7.3E+00 7.3E+00
2 75 8.149E+00 8.692E+00 7.5E+00 7 5E+00

1 =

_ _ _ _ _ _ _ ___
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AESPON5E : AM27

NOMINAL AVERAGE NOMINAL AVERAGE
TIME RESDONSE RE5 DON 5E STODEV ST00EV

--4 vet -- 5.a205^02 5.0205t02 0.95+00 0.05000
0 05 5.924E+02 5 924E+02 9.3E=ol 9.JF=01
0 10 5.91EE+02 5 91eE+02 1.8E+00 1 8E+00
0 15 S.9u7E+02 5.909E+n2 2.6E+00 2.bE+00

---erd ; 5.00 E402 5.v270t02 2.2itv0 2 a5000
0 25 5.931E+02 5.929E+02 2.1E+00 2 1E+00
0 30 5.968E+02 5 971E+02 2.6E+00 2.6E+00
0 35 6.012E+02 6.u13E+02 3.1E+00 3 1E+00
0.00 5.0t25^22 0.0?05^02 2.?5^00 2.?ft00
0 45 6.125E+02 b.13dE+02 4.5L+00 4.4E+00
0 50 b.202E+o2 b.204E+02 5.2E+00 5.2E+00
0 55 6.289E+u2 b.J04E+02 6.3L+00 6 2E+oo
0.50 t t00$^02 0.2005t00 ?.00^00 ?.05t00
0 65 6.528E+02 0 538E+02 8.7E+00 8.7E+00
0 70 6.676E+02 6 665E+02 9.5E+00 9 5E+0p

0 75 6.831E+02 6.877E+02 1.3E+01 1 2E+01 .

O.$0 ?.0-?5^02 7.00tS*02 ! 55^0! .55+0:
0 85 7.2bOE+02 7.208E+02 1.7E+ul 1.bE+01
0 90 7.453E+02 7.boSE+02 2.4E+01 2.2E+0!
U.95 7.775E+02 7.69uE+02 2.RE+ot 2.7E+01

'

.00 2,00S5'02 2,u?25+02 2.00+0 2 , e 5 + 0 V--

1 05 8.360E+02 8.J5bE+02 3.'E+01 3.7E+01
1 1C 8.646E+02 8.b85E+02 4.2E+01 4.2E+01
1 15 8.959E+02 8 870E+02 4.9E+01 4.9E+01
:.00 a.2225^02 9.0555^^2 5.^5^0! 5.tSte:
1 25 9.385E+02 9 627E+02 6.1E+01 5 9E+0!
1 30 9.664E+02 9.T55E+02 7.NE+01 7.8E+01
1 35 9.923E+02 1.vo9E+0J 8.9t+ut 9 0E+01
:.e0 !.00"5^02 0.09:5^02 2.20+02 :.25t02
1 45 1.010E+03 6 908E+02 1.8E+02 1 7E+02
1 50 9.69eE+02 9.14bE+02 1.2E+02 1 3E+02
1 55 8.819E+02 1 089E+0J 2.0E+02 1 6E+02
1.^0 " . t ?O;*94 :. +65+02 2.55^02 2.:Et02
1 65 8.705E+02 9.507F+02 1.6L+02 1 5E+02
1 70 8.311E+u2 9 587E+02 1.9t+02 1 8E+02
1 75 R.354E+02 bebo0E+02 1.6L+02 1.bE+02
0.50 S.05tE*02 0.2925^00 !.9L^02 0.05t02
1 85 7.810&+02 9 255E+02 1.9E+02 1 7E+02
1 90 7.643E+02 9.bobE+02 2.5E+02 2 2E+02
1 95 7.638E+02 9.J55E+02 2.2E+02 2.0E+02
2.00 ? Sit 5^02 0.2!05+02 2.2C^02 2.25te2
2 05 7.502E+02 9.J8JE+02 2.JE+02 2.2E+02
2 10 7.417E+02 9.63JE+02 2.ht+02 2 4E+02
2 15 7.307t+02 1.uo5E+0J 3.0E+02 2.bE+02 <

2.JO ?.2205t02 .00:5t02 2.!i'02 2.55t02 l

2 25 7.316E+02 1 017E+03 3.3E+02 3 0E+02
2e30 7.280E+02 1 041E+0J 3.5E+02 3.1E+02
2 35 7.242E+02 1.u80E+03 3.9E+02 3.5E+02
2.00 '.!?$5^02 :.134F^02 45^02 2.55te2^

2 45 7.197E+02 1 154E+04 4.7E+02 4 1E+02
2 50 7.254E+02 1 172F+03 4.0L+02 4.JE+02
2 55 7.209t+02 1 210E+03 5.2E+02 4.6E+02
2.00 ?.252t^02 .28:it02 5.9L*02 1.25t02
2 65 7.285E+02 1.J38E+0J 6.5E+02 5 7E+02
2 70 7.274E+02 1 415E+0J 7.2E+02 6 3E+02 -

2 75 7.356E+02 1 465E+0J 7.7E+02 ,6.8E+02

.
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RE500NSE z Argy

NOMINAL AVERAGE NOMINAL AVERAGE
TIME DESPONSE RESDON5E STDDEV $7DCEV
^;^^ ^ ^^^5^^^ 0.0^05^^0 .^5^0^ 0_05t00.

^

0 05 0.000E+00 0.ucoE+00 0.CE+00 U.uE+00
0 10 0.000E+00 v.unuE+0u 0.0E+00 0 0E+09
0 15 0 000L+00 0 00uE+00 0.0E+00 0.uE+00
n s. a n,.asana .._nameaan a nr ma m _ncia..

6;}6 6.6665+66 5;549i=65 5.5E=6A 5;8I=65
0 30 3.034E=03 1.134E=02 8.CE=03 6 0E=03
0 35 1.265E=02 1.513E=02 6.6E=03 6.SE=03
0:^^ ?;!=?S-0* _ B;^!?? ^2 4.15-0? 9 ==-03
0.=5 3.175E=02 J.b2bE=02 8.6E=03 8 0E=03
0 50 4.596E=o2 4.530E=02 9.8L=03 9.eE=03
0 55 5.999E=02 <3.580E=O2 1.2E=u2 1 1E=02
0:50 ';QQ^E-0? ?;??"E-0? 1;35-O? 1;3E-0?
0 65 1.018E=01 1 033E=01 I.7E=02 1 7E=02
O s 'O 1.278E=01 1 260E=01 1.8E=02 1 8E=02

. 0 75 1.S42E=01 1 648E=01 2.4E=02 2.JE=02
;*??E-01 !;=??5 ^! ?.=5-0? ?;=5 ^21 - ^;=^ *

'

O.65 2.290E=01 2 193E=01 3.lE=o2 3 1E=02
0 90 2.619E=01 2 912E=n1 4.5E=o2 4 1E=02
0. 95 3. l e l E = 0, i1 J.OleE=C1 5.0E=02 5.or=02E

_na i _ m . v e _. _& var _n a .r_as a_ _as' i.66 4;i8iE=6i i;i66i=6i 6;5E=63 6.5t=6i
1 10 4.672E=01 4 716E=01 7.3E=O2 7 3E=02
1.. S 5.2S2,E=01 5 0.42_E=01 8.5E=02, 8 5,,E =_.0 2,... .. . _oi ._ ,_ . . .,_m c_

i.ii 4.92iE=0i 6;3ieE=6i i;oE=6i i.6E=65
1.J0 6.409E=01 6.525E=0! 1.3E=0! 1 3E=01
1 35 6.840E=ot 7.093E=01 1.50 01 4 5E=0!
1:^^ ' : ! ' ei ^ ! 5:^!5E-01 ';^E-01 2:!E-01
1 45 7.146E=01 5 128E=0! 2.9E=01 2.8E=01
1 50 6.46tE=01 6 536E=01 2.lE=01 2 1E=01
1. S S. S.0.17E=01 6. 39.JE=01 3.4E=01 2, . 7 E = 01._. ._ ._.i _m i._. . . _mi _. _..

i.65 4;83id=6i 6;693E=0i 2;6E=6i 5.5E=6i
1 70 4.175E=ul 6.25eE=0! J.lL=01 3 0E=01
1 75 4.258L=01

4 . 4 31 E =_01 7.6E=01 2 7E=_01,_na i_ vins ni =_us.ir ni t_sc_uv s_nr ns
i.86 3;384i=0i 5.6ffi=0i 3;6E=6i 2 8E=6i
1 90 3.12cE=01 6.557E=0 4.0s-01 3 5E=01
1 95 3.116E=01 5.e43E=01 3.6E=01 3 3E=01gen. 3 star _nt se? Ass ni 1,7g.g4 3 ar_ni
2 05 2.910E=ul 5 691E=ot 3.8L=ul 3.5E=01
2 10 2.784E=ol 6.272E=01 4.2L 01 3 8E=C1
2 15 2.6taE=01 b.9aJE=Ol 4.8L=ct 4.3E=0!

__2.gn 2 nats=ni s antr _9 s nr-gi a.sr_ngc

2e{S 2.643E=01 7.129E=01 5.3E=01 4.8E=01
2.J0 2.593E=ot 7 499E=01 5.6E=01 5 0E=01
3 35 2.541E=01 8 111E=_01 6 . 2 E =_01 S . E E =_01m.an s ma r-na a_ mass nn v ns nn a.or n3e e

2 45 2.462E=01 8.944E=01 7.lE=Un b.JE=n1
2 50 2.57eE=0! 6.718E=e3 6.9E=01 6 1E=0!
2 55 2.606E=01 8.162E=ul 6.9t=01 6.tE=01
3e50 2:^3*E-a' ^:'?*E-0! ^:AE-e' elr a!A

2 65 2.645E=01 8.701E=01 6.8E=01 6 1E=01
2 70 2.637E=01 8.789E=01 6.9E=01 6 1E=01'

2 75 2.766E=01 8 586E=01 6.7E=01 6 0E=01

.
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Resp 08st = Ao23

NOMINAL AVERAGE NOMINAL AVERAGE
TIME RE$p0NSE REbp0NSE STODEV STDDEV

0.00 2.??50t03 2.2+5ft02 0.0Ct00 0.0"000
0.05 2.285E+03 2.482E+0J 1.4E+02 1.4E+02
0 10 2.252E+03 2.242E'oJ 2.8E+u2 2.8E+02
0 15 2.001E+03 2.v26E- 1J 4.lE+02 4 1E+02
0.20 ; , t 7 OE+W4- tv9+4E4sJ " . et+tt 0.05?O2
0 25 1.382E+03 1 272E+03 8.8E+01 5 7E+01
0.J0 1.367E+03 1.J77E+03 1.4E+01 1.4E+01
0 35 1.355E+03 1.400E+03 3.9E+01 2.6E+01
0.00 .2t25t03 :.2"0";02 0 ?500 :.5"?0
0 45 1.3b6E+03 1.J52E+0J 1.8E+01 1 5E+0!
0 50 1.359E+U3 1.J69E+0J 1.9E+0! 1 8E+nt
0 55 1.365E+03 1.J47E+0* 2.2E+ut 1 9E+0!
0.00 1.2500+02 1.J705t02 0.2CtO: 2.45?0;
0 65 1.360E+03 1.J49E+03 2.4E+01 2eJE+01
0 70 1.355E+03 1 360E+03 2.3E+01 2.3E+0!
0 75 1.357E+03 1.J4JE+03 2.5E+01 2.JE+01
0."0 :.2"05^02 .J"tSt02 0.0C*0: 2.05:0:
0 85 1.345E+03 1.J54E+03 3.0E+01 2 9E+01

.

0 90 1.348E+03 1 32ur+0J 3.7E+01 3.2E+01
0 95 1 337E+03 1.J4bE+0J 3.5E+01 3.4E+01
1.00 :.225tt02 .02:St02 2.ett0 2.tSt0:
1 05 te3J2E+03 1.J27E+03 3.9E+0! 3.9E+01 '

1 10 te327E+03 1 433E+03 3.9E+01 3 9E+01
1 15 1.326E+03 1.JISE+03 4.5E+01 4.4E+01
;.00 :.2205^02 1.222"t02 t.55^0: t.5"t0:
1 25 1.316E+03 1.J1bE+0J 4.7E+01 4 7E+01
1.J0 1.313E+03 1.JteF+04 5.lE+01 5 1E+0!
1 35 1.309E+U3 1. JOSE +03 5.0E+01 5 0E+01
;.00 1.20"5^02 1.2'25t02 5.05+0! 5.05:0;
1 45 1.298E+03 1 283E+03 6.1E+01 6 1E+01
1 50 1 285E+03 1.269E+03 6.6E+01 6.6E+01
1 55 1.253E+03 1 372E+03 1.lE+02 7 2E+01
:.50 :.25t5+94 1.2"0"*02 S.25^0: 5.25ti: -

1 65 1 25tE+03 1 277E+03 5.9E+ut 5 7E+01
1 70 1.25bE+03 1 21oE+0J 6.6E+01 6.0E+01
1 75 1.240E+03 1 243E+03 6.2E+01 6.2E+01
1.90 0.22^5*02 1.2:55t02 5.56t0 t.55t0;
1 85 1 222E+03 1 226E+03 6.6E+01 6 6E+01
1 90 1.216E+03 1 214E+0J 6.6E+01 6 6E+0!
1 95 1.21tE+03 1 205E+03 6.9E+08 6.9E+0!
2.00 1.2055^02 :.:St"t02 ? v4644! 7;15+^:
2 05 te199E+u3 1 191E+0J 7.4E+01 7.JE+01
2 10 1.190E+03 1 190E+03 7.6E+ol 7.bE+01
2 15 1.186E+03 1.17bE+00 7.7E+01 7.7E+0!
2:20 !.1905^02 .1595^02 5.05^u! S;05t0!
2 25 1.175E+03 1 164E+03 A.3E+01 8.2E+01
2.J0 1.170E+03 1.155E+03 8.5E+01 8.5E+01
3 35 1.163E+03 1.15bE+03 8.5E+01 8.5E+01
2_t tv45?5^O2 :.:"?"^02 5.?5^0: 5.75t0:
2 45 1.156E+U3 1 145E+03 A.8E+vl 8.8E+0!
2 50 1 152E+03 1 143E+0J 9.0E+01 9 0E+0!
2 55 1 150E+03 1 13bE+0J 9.JE+01 9.JE+01
2.50 .it55^03 :.1255t02 0.tt^0 0.25t0:
2 65 1 14tE+03 1 1JJE+03 9.5E+01 9 5E+01
2 70 1 139E+03 1 128E+03 9.7E+01 9.7E+01
2 75 1 1J6E+03 1 125E+03 9.8E+01 9.8E+01 -

.
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RESPONSE a A723

NOMINAL AVERAGE NOMINAL AVERA6E
TIME RESPONSE REEDONSE STDDEV 57DDEV
a na a an=nian a m.m. .. . acio. . --i.-

6565 55655E+65 55655f+6I I'6E+66 I.65+66.

0 10 5.62tE+02 5.621E+02 2.0E+00 2.uE+00
n_.15 5.62tE+02 5 623E+02 2.8E+00 2.8E+000

_amurans m_maanan; s seAnn i inian

i.ii i;6795+55 5'5555+65 i.4E+66 i.3ft06.

0 30 S.74SE+02 5.747t+02 2.7E+00 2.7t+00
'!!* !!!i!!!!* !!!!i!!g2 2 35ggg 2 359997

6.45 5.8395+6s 5.5}55+62 iE7E+66 5.55+66
0 50 5.832E+02 5.842E+02 4.9E+00 1 8E+00
0 55 5.837E+u2

=_m
oE+02 2.1E+00 1 8E+005.oP

n_an a_atis+ns 2rann 2_irann 2_ncian

6.66 s.e33d+62 5.42ii+61 2.3E+66 i.ii+66
0 70 5.82eE+ot 5.s32E+0a 2.2E+00 2.2E+00

-

!!If 1 !!!!!!! ! f1*!!!8 ***!;gg 2 25999
6.55 5.8585+65 555}75+6} }.95+66 }.95+66
0 90 5.821E+02 5.794E+02 5.6E400 3 1E+00
0 95 5.88tE+02 5.ut9E+02 3.4E+00 3 3E+00,

1:^^ *;*O*E'93 5;80QE'a2 3.3E'O^ 2:35t^0
1 05 Ss406E+0F 5 400E+02 3.8E+00 3.SE+00
1 10 S.801E+04 5 806E+02 3.8E+00 3 4E+00
1 15 S.800E+02 5.788E+02 4.4E+00 4 3E+00
!:2^ _'**5'9" 5:'a'5^93 ^;*E'ea ^:**^^?^

1 25 5.790E+02 5 789E+02 4.6E+00 4.6E+0U
1 30 5.787E+02 5.789E+02 5.tE+00 5 1E+00
1.Jn 5.783E+02 5.964E+02 1.7E+01 1 5E+015
i_ =_ta2s+n2 m_tutran2 a_ scans a_trani

j.45 5.895s+ 2 7.I61s+65 l'ii+62 6 5s+65.

1 50 6.054E+02 6 370E+02 8.tE+01 S.3E+01
1.Ss 5.948E+02 6.9,95Et02 1.2E+02 9.9E+0!
._*. m_vannaam a_2 inaam s_amaan i_snias

i.55 5'8765+6s 7.5455+6} i.6E+62 i.3E+65.

1 70 5.730E+02 7.819E+02 1.9E+02 1.4E+02
1 75 5.714E+02 7.629E+02 1.8E+02 1.4E+02
i_na a vnas+n2 ~_snur+n2 i_arens i irans

i.si 5.669t+02 7.ii6t+61 i.4t+62 i.2E+62
1 90 5.6asE+02 7 303a+02 t.6E+02 1 4E+02
a.9s 5.6s4E+04 7 147E+02 1.4E+02 1 2E+02
2 n9 a_avvsans v_2nir6n2 i mmans i_sma*2

2 05 5.671E+02 7 030E+02 1.3E+02 1 1E+02
2 10 5.6btE+02 7.u82E+02 1.4E+02 1 2E+02
2 15 5.657E+02 7 119E+02 1.4E+02 1 2E+02
2. - a_astr+n2 r_iusr+n> i_ar+ns i_sran2 |

'

2.is 5.645E+42 7.195E+62 1.5s+ 2 1.3E+6s
2.J0 5.640E+02 7.234E+02 1.6E+02 1 3E+02
2 35 S.633E+02 7.434E+02 1.8E+02 1 5E+02
s_an e_amanens v_6aanan2 2_ar+ns i.smans

s.45 5.624s+02 8.07bE+02 2.45+02 2.lE+02
2 50 5.62tE+02 8.647E+02 3.2E+02 2.7E+02
2 55 5.618E+02 1.u03E+03 4.4E+02 3.8E+02
2_ma =_aiss+ns i_i2xr+ns s_ar+ns * aran 2

5.45 5.660s+6s i.3tSE+63 7.55+62 6e5E+62
2 70 5.6065+02 1 567E+03 1.0E+03 8.7E+02*

i

2 75 5.603E+02 1 939E+03 1.4E+03 1 2E+03

.
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AESPONSE a AA23

NOMINAL AVERAGE NOMINAL AVERAGE
TIME QESPONSE RESDON5E ST00EV 5700EV

0 00 0.t;t:+0! :.t*tr+0; 0.0C+00 0 . 0 5 +90--
0 05 4.613E+ot 4.b12E+01 5.3E=u2 5.JE=02
0 10 4.608E+01 4 007F+01 1.0E=01 1 0E=01
0 15 4.569E+ut 4.58dE+01 1.bL-01 1.bE=01
0.JO .50t2t06 Or6SJCt;; 2.0L=0; 1.00-0;

0 25 4.493E+01 4.492E+01 1.6E=01 1 6E=0!
0 30 4.441E+01 4.439E+01 2.2E=01 2 2E=01
0.J5 4.380E+01 4.J22E+01 7.3E=01 6.6E=01
0.00 3.**?d'0: 0.?O?r*0: 0.0L+00 2.0!!00
0 45 3.191E+01 3.103E+01 3.2L+00 3.2E+00
0 50 2.644E+0! 2.o7tE+01 3.2E+00 J.2E+0V
0 55 2.236L+01 4.162E+01 2.7t+00 2.7E+00
0.;; : S 00^0' ;.t&70t0; 2. tit;0 2.4C;;;

0 65 1.585E+01 1 549E+01 2.lE+00 2 1E+00
0 70 1.334E+01 1 321E+01 1.9E+00 1.9E+00
0 75 1.134E+01 1 114E+01 1.6E+00 1.6E+00 .

0.00 Orts"S*00 0.03*rt00 '.5tt00 .55t00
0 85 8.J*8E+00 8.287E+00 1.3L+00 1 3E+00
0 90 7.204E+00 7.230E+00 1.2L+00 1.2E+00
0 95 6.J14E+00 b.J6bE+0u 1.0L+00 1 0E+00 '

;.;0 0.00"it00 L.;0tCt0e 0.tL=0! O.00-0;

1 05 5.022E+00 5 050E+00 8.7E*01 8 7E=01
1 10 4.546E+00 4.045E+00 8.1E=01 8.1E=01
1 15 4.208E+00 4.216E+00 7.8E=01 7.8E=01
:.00 3.??' ^00 J.0"?f*00 ?.0; O' ?.35=0;

1 25 3.6boE+00 J.8RbE+00 7.lL=ut 7 0E=01
1.JO 3.490E+00 J.bh2E+00 6.7L=ot 6.bE=01

3 33icina J. 4 0 0 E + 0, 0 6. 4 E =_01 6. J E =_018E+00
1. 35 ....e. .. . .. . . & ,c ..

i;s5 5.666E+66 i;9iii+66 i'ii=6i i;6i=6i
_

1 50 2.7btE+00 3.272E+00 8.7E=01 8.3E=01
1 55 2.757E+00 Jeu 89E+00 8.5E=01 8 3E=01
:.00 2.9056*40 2.5755^00 9,9; ;! 9.05-0;

1.e5 2.8utE+uo J.070E+00 1.1L+00 1 1E+00
1 70 J.005E+00 d.9tbE+00 1.1E+00 1.1E+00

1. 75 3.003E+up J.72bE+00 1. 4L+00 1. 3E+00
um i sm u san i maacia. *<i,a .ci-m

1 55 3;IE55+66 3".iAbi+66 i'.6i+66 i'65+66.

1 90 3.665E+00 3 877E+0u 2.0E+00 2 0E+00
1 95 3.799E+00 4.391E+00 2.3E+00 2 2E+00
2.00 3.9:?S*00 .????^00 314 ^00 2.25^00^

2 05 4.17tE+00 4.722E+0u 2.5E+00 2 5E+00
2 10 4.363E+00 4.943E+0p 2.8L+u0 2.8E+00
2 15 4.596E+00 4.92bE+0u 3.0E+00 3.uE+00
0.JO t.tS?E^00 S. ttitO; 2.2Lt00 2.25000
2 25 4.804E+00 5 662E+00 3.5E+00 3.4E+00
2 30 4.948E+00 5.641E+09 3.5E+00 3.5E+00
2 35 5.068E+00 5.752E+09 3.7E+00 3.7E+00
2.00 ".!500^00 0.?*25t00 3.*L*00 2.05+00

'

2 45 5.198E+u0 5.127E+00 3.90+00 J.9E+00 '

2 50 5.14tt+uo 5 700E+00 4.0L+u0 4 0E+00
2 55 5.0186+JO 5 54bE+0L 4.0L+00 4.uE+00

a 0Lt;0 0.g500;0.00 0.S;?O+00 t.;020t0g v
2 65 4.5bOE+00 5.229E+00 3.9E+00 3.9E+00
2 70 4.303E+00 5 028F+00 3.8E+00 3.8E+00 .

2 75 4.079E+00 4.UO4E+00 3.8E+00 3 8E+00

.
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nEspoNsc = Aw23

NOMINAL AVER 4GE NOMINAL AVER 48E
TIME RESPONSE RE$p0NSE $7DDEV 87DDEV

'
. .. . .... .. . .... ., . .. .. . .. ..

6.65 i;5i6i+63 i;si6i+63 i;6E+66 I;6E466
0 10 5.624E+02 S.625E+02 2.0E+00 2 0E+00
?*1? '=*!?ft?" t'* "5??" * ''t?? ''*5!??
6;ii i;faii+61 i;isai46i 3;ii466 3;Ii466
0 30 5.813E+08- 5 817t+02 3.74+00 3 7E+00
0 35 5.911E+02 5 912E+02 4.2t+00 4 2E+00

^ ***^^ ^ *Et"^^:^t S.*e'E^^* t.0*??^^2 .

6 1E+00
;

0 45 6.114E+02 6 12SE+02 6.2E+00
0 50- 6.235E+02 c.d6JE+02 8.5E+00 8.3E+00
0 55 6.38.2E+02 6.410F+02, 1.0E+01 1 0E+01
._m. a_. csnm &_ amraa i rani . sr .

5'55 5'.7455+U2 5.I995+65 5'.5E+65 I'5546i. .

0 70 6.976E+02 7 0565+02 2.1E+01 2 0E+01~

0. 7.s 7 . 2 4 5 E. a+ 0 2, 7. 318..E + 0 2, 2, . 4.E +.01 2. 4.E + 01_ . ,_ . . , . .. '. . . .

3.I5 7.556U+UI 8.669E+63 5.iE+6i 3.fE+6i'

- 0 90 8.235E+02 8.284E+02 4.1E+01 4 1E+01
0 95 8.597E+02 8.750E+02 4.8E+01 4.7E+01
1:^0 ^;"9^5'0' S.!?^E'03 *c?i'O' 5;"Et01

, 1 05 9.388E+02 9 565E+02 6.4E+01 6 3E+01
1 1 10 9.780E+02 9.9585+02 7.1E+01 7 0E+01

1 15 1 012E+03 1 036t+03 8.nE+01 7.95+01
5:30 !."^^*^0? 1:0^^^^^3 8.^E'e' =:^E^^!,

1 25 1.078E+03 1 078E+0J 8.8E+01 8.8E+0!d

1.JO 1.103t+03 1 111E+0J 9.2E+01 9.2E+0!
1 35 1.126E+03 1 141E+03 9.5E+01 9.5E+0!
1 ^e !:!="E+a' 1:1*QE*93 0:TE*9' a,vrang4 -

1 45 1 183E+03 1 131E+03 1.4E+02 1 0E+02
211E+03 1 139E+03 1.2E+08 1.2E+0215I 1 2?aE+03, 1. 192.E + 0 3, 1. . aE + 0 a. 1. 2.E +.0i.1. . s. 1. ._i ..a. _ . .a. ..... _ ...

i.6i i.i95d+65 i.iS6E+65 i.6E+u2 i.6E+62
1 70 1.162E+03 1 166E+03 1.7E+02 1 7E+02
1 75 1.15cE+c3 1.us2E+03 2.0E+02 2.0E+02
i_ma n_niorent s_inasant 2_st ans 2_irans

i.46 i.0694+63 i.i6ai+65 2.3E+62 i.ii+62
1 90 1 031E+03 1 201E+03 2.8E+02 2 6E+02
1 9s 1.011E+03 1 159E+03 2.8E+02 a.7E+02
? ^^ 8:*''''^2 !:5^!E'a? 2:#E'92 ? *8^^? I

2 05 9.6J4E+02 1 154E+03 3.lE+02 2 9E+02
2 10 9.406E+02 1 170E+0J 3.3E+02' 3 1E+02
2 15 9.181E+02 1 196E+03 3.6E+02 3 3E+02
s.s. a_nateens i ivor+ns i _ vs a ns i_arans

i.js 0.973s+02 55580i+63 3.85tb2 3 5E+62
2 40 8.845E+02 1 193E+03 4.0E+02 3 7E+02

m_a*7E+02 1 210E+03 4.2.E+02 3 9E+02aeat 8.73 .ans
*

e.gstsens a_m ans a,isans3.*.
2 45 8.623E+02 1.d60E+03 4.8E+02 4.3E+02
2 50 3.64eE+02 1.J01E+03 5.4E+02 4.7E+02 ,

2 55 4.720E+02 leJ6bE+0J 5.8E+G2 5.2E+02 |
2m m_maaren2 i_amaroni n_tr+ns s.tran2

i.65 9.0384+62 5.555s+63 7.1d+62 s.4E+6s*

2 70 9.250E+02 1 655E+03 8.3E+02 7.4E+02
2 75 9.454E+02 1 861E+03 1.0E+03 9.1E+02

.
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Ag5PONSE E Aug3

NOMINAL AVERAGE NOMINAL AVERAGE

TIME RE590NSE RESPONSE STODEV $700EV

0.00 0.000'000 0.000'000 0.0Ct00 0.00?00
0 05 0.000E+00 u.000E+00 0.0E+00 0.OE+00
0 10 0 0J0E+00- 0 000E+0u 0 0E+00 0.uE+00
0 15 0.0uoE+u0 u.000E+00 0.0E+00 0 0E+002

0.40 0.0e00t00 e.e04C;0e 0.0 te0 e 00?t&--
0 25 0 000E+00 0 000E+0u 0.0E+00 0 0E+00
0 30 0 000E+00 0 000E+00 0.0E+00 0 0E+00
0 35 0.000E+00 1 189E=03 1.2E=03 9.7E=04
0.00 .*tOS-O' .;'05-0J "."L-00 .3"r03-^

0 45 2.916E=02 J.408E=02 1.lE=02 1.1E=o2
0 50 S.143L=02 5.395F=02 1.5E=02 1.bE=02
0 55 7.5576 02 6.JASE=02 1.9t=02 1.dE=02

---9,40 0.05"t=0; :.&005_0; 2.0L-02 2.00-00
0 65 1.388k=01 1 497E=01 2.9E=02 2.8E=02
0 70 1.789E=01 1 918E=01 3.7E*02 3 6E=02
0 75 2.248E=01 2.392E=01 4.3E=02 4.2E=02 .

0."0 2.?"*"-0* 2.000~-0; ".00-02 ".'" 02
0 85 3.298E=01 J.555E=01 b.6E=u2 6.4E=02
0 90 3.957E=01 4.oS9E=01 7.lE=02 7 1E=02
0 95 4.578E=08 4.02bE=01 a.2L=02 8.!E=02 '

1.00 5.2555-0! 5."T95:0; 0.";=0? 0.^5 02
1 0S S.926E=01 6.211E=01 1.1E=01 1 1E=01
1 10 6.594E=01 6.8J4E=01 1.2E=01 1 2E=01

1. 15 7 . ,17 8. E, =_01 7. 5 6 9. E =_01 1. 4. E =_01 1. 3. E = 01
.. .

n = . e m. . ..

I'Eb 8 '. 2 biE =6 5 5;2i3E=bi 5.5E=65 i Si=65
.

1 30 8.705E=01 6 624E=01 1.5t=01 1 5E=01

1. 35 9. l o t h =_ o l . 9. 0 7 2.E =_01 1. 5 t =_0_1 1. 5.E = 0 !.
m . .m m. > . m .. . .-

i;si i;666i+60 6;i8ii=6i i'iE=6i i;ii=6i

1 50 1.000E+00 s.198E=01 1.SE=01 8.8E=02
1 55 1.000E+00 7 787E=01 1.8E=01 1.0E=01
:.00 00^"^0^ S.0^9"-0 3 ? -0! 2.05-0*

1 65 1.000t+00 0.164E=01 3.2L-01 2.1E=01
1 70 9.606E=UI 6 460E=01 2.9E=ot 2 1E=01
1 75 9.517E=01 5 444E=0! 3.RE=01 2.aE=0!
:.00 "."'!5-0! ?.0?!"-04 2 ?L-01 J.55-01
1 85 8.117E=01 7.453E=01 2.5E*01 2.5E=01
1 90 7.488E=01 7 844E=01 2.9E=01 2.9E=01
1 95 7.167E=01 7.J21E=01 3.0E=On 3 0E=01
2;00 ."*05-0! 0.0"*" ^1 3r45-0! 3e!5 01^

2 05 6.3MBE=01 7.339E=01 3.3t=ol J.JE=0!
2 10 6.021L=UI 7.539E=01 3.6L=01 3.5E=0!

2. 1S S.658E=_01 7, . 9 0 3 E =_01 3. 9E=_ol. J . 7 E =_01
,- , nn c a. umse n at n 3 oc .

i;ii i;5i&i=6i v;5iii=6i 4;ii=6i 5;4E=6i
2 30 S.124E=01 7.077E=01 4.3E=01 4 1E=01

2. 35 4. 9.54E=ut 7 . 7 2 5.E =_ m .01 4. 4E=01 4. 2,E.01
==_n. = o = me m ,_

E.45 4 '. iiiE = u i 7 '. 55bi =6 5 4 '. 6 E = u i 4'3EEdi
_ .

.

2 50 4.820E=UI 7.o08E=01 4.6E=01 4.JE=01
2 55 4 . 9 J. 8 6_J 1 7. 7 3 6 E =_01 4 . 5 L =_01 4 . 2. E =_ n 1

. m c m , .mic o . st m . r _m.

i;ii ;i46i=5i i;iiii=6i 4;6E=6i 3;4E;6i
-

2 70 5.797E=01 7 181E=01 3.8E=01 3.7E=01
2 75 6.13tE=01 7 030E=01 3.6E=01 3 6E=01

.
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RESP 0 HSE a A719

NOMINAL AVERAGE NOMINAL AVERAGE
TIME RESPONSE RESDONSE $7DDEV 57DDEV

0.00 0.2000^02 ".0550+02 0.00t00 0. 0 " 0 0 &---
0 05 5.358E+02 S.J58E+02 6.2E=01 6 2E=0!
0 10 5.359E+02 S.J59E+02 1.2E+00 1 2E+00
0 15 5.354E+02 S.J55E+02 1.7E+00 1.7E+00
0.20 " 3005t02 Sv4&act02 2.20te0 1.^5t0e
0 25 5.354E+02 5.J4 jet 02 1.2E+00 9.6E=01
0 30 5 374E+02 S.J79E+02 1.2E+00 1.2E+00
0.35 5.403E+02 5.404E+02 1.5E+00 1.5E+00
0.00 ".t??f*02 0.t20ft02 2.20+00 2.25t00
0 45 5.45tE+02 S.477E+02 2.9E+00 2.9E+00
0 50 5.528E+02 5.532E+02 3.7t+00 J.7E+00
0 55 5.585E+02 S.586E+02 4.5E+00 4.5E+00
0.00 5.S'?t+02 0.be55t0J 5.2L^"O 5.25t00
0 65 5.712E+02 5 709E+02 5.7E+00 5.7E+00
0 70 5.781E+02 5.766E+02 5.8E+00 5 7E+00-

*
0 75 5.8J0E+02 5 770E+02 5.8E+00 5.0E+00
0.*0 "."22f+02 ".0215t02 2.8E+00 2.05t00
0 85 5.816E+02 5.o3JE+02 3.1E+00 J.0E400
0 90 5.822E+02 S.19JE+02 3.5E+00 J.1E+00
0 95 5.811E+02 5.614E+02 3.JE+00 J.JE+00
1.00 5."10t+02 S.?Otit02 2.ttt00 2,4E411H--
1 05 5.806E+02 5.797t+02 3.9E+00 J.8E+00
1 10 5.802E+02 5 793E+02 3.9E+00 J.8E+00
1. 15 5.800E+02 S . 7 8 6, E + 0 2, 4. 5E+00 4. 4E+00

_. - sonnam , sa i. imi. me -

IA}5 55796i+63 5519bE+62 4.6E+66 4'6i+66.,

1 1.JO 5.766E+02 S.195E+02 5.lE+00 5 1E+00
1. 35 5.763E+U2 5 7,7 9 E + 0 2, 5. 0. c + 0. 0 5 oE+00E.. . a was-Ans & smeim ,cio

5.45 557iIi+6I Y!I8IE+63 I.4E+65 l' . 25 + 6 E
1 50 6.154E+02 7.461E+02 1.5E+02 1.JE+02
1 55 6.572E+02 7.S90E+02 1.6E+02 1 4E+02
let0 .?"*5402 ?.5000^02 :.5:+02 :.05t02^

1 65 6.880E+02 7.74JE+02 1.7E+02 1.6E+02<

1 70 6.964E+02 7.J46E+02 1.5E+02 1.5E+02
1 75 6. 9 5. .t E + 0 2, 6. 9 5,9.E + 0 2, 1. 5E+02, 1. 5. E + 0 2,.- _ c .. . _ m . .m.. . . .

i.ii i;66fE+6i 3;iiii46i i;ii+61 i;6i461
1 90 6.364E+02 7 395E+02 1.7E+02 1 6E+02
1 95 6.198E+02 7.510E+02 1.8E+02 1.7E+02
2;00 S.02"5^02 ?.52!5^^2 !." ^0? :.^"+^2
2 05 5.761E+02 6.679E+02 2.7E+02 2 1E+02
2 10 5.661E+u2 6.571E+02 2.7E+02 2.2E+02
2 15 5.657E+02 8 217E+02 2.5E+02 2e2E+02
2 20 5.6535^U3 e.19?E^02 2.5L'e? 2;25^^2
2 25 5.645E+02 8 172E+02 2.5E+02 2 1E+02
2 30 5.639E+02 8 135E+02 2.5E+02 2 1E+02 ,

2.J5 5.632E+02 8 135E+02 2.5E+02 2 1E+02 1

.

2;t0 5.53tE^e2 4.t?75^^2 ?.55^c2 2;:EAa' I

i 2 45 5.62.E+02 6 114F+02 2.5E+02 2 1E+02 |
I 2 50 5.620t+o2 e.112E+ed 2.5L+02 2.1F+02 |

2 55 5.617t+02 6.172E+od 2.5E+02 2 2F+02
2.t0 5.512:^ 2 S.Jt25t^2 Art t + 'e 2 2,4Et02 -
2 65 5.607E+02 8.J75E+02 2.7E+02 2.JE+02
2 70 5.606E+02 6 568E+02 2.9E+02 2 5E+02.

2 75 5.603E+02 8.u?9E+02 3.2E+02 2 8E+02

.
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aEsposisE : Ant 9

NOMINAL AVEAAGE NOMINAL AVERAGE
TIME AESDONSE RESDONSE STDDEV STDDEV

0;^e ?;28*E'a' 3;2**"^03 0.^E'00 ^;0E^00

0 05 2.293E+03 2.291E+03 1.4E+02 1.*E+02
0 10 2.200E+03 2.45&F+0J 2.8L+u2 2.8E+02
0 15 2.001E*03 2.v29E+0J 4.lL+02 *.1E+02
0:20 !;^?!E444 1.d*2E'02 t.9t'03 - 4+4E+44 -
0 25 1 389E+03 1 235E+03 1.2E+02 8.4E+01
0 30 1.358E*03 1 4tbE+03 4.6E+01 2.8E+01
0 35 1.354E+03 1 399E+03 4.lE+01 J.1E+01
0:^0 ?:3t^E''' !;3'**^^3 !;'E'0? !:^*^e!
0 45 1.Je9E+uJ 1.J35F+0J 3.3L+0! 2 1E+01
0 50 1.358t+03 1.J7br+03 2.2E+0i 1 9E+01

1.J62F+ 1.7L+01 1 7E+0!0 55 1.3e2h+03 3;353g uJ 3;osagt 3 ; g g i g g__0:50 4;3Sagage 93
0 65 1.J59E+03 1.J51E+0J 2.4E+01 2 4E+01
0 70 1.355E+03 1 359E+03 2.3E+01 2.3E+01
0 75 1.357E+03 1.J.45E+0J 2.7E+01 2.6E+01
0:8^ !;3 maga 93 3;3 o5693 3;agagg 3 arigg

*0 85 8.342E+vJ 1.J6uE+0J 3.2L+ut J.!E+01
0 90 1.348E+03 1.J2uE+0J 3.6L+08 J.2E+01
0 95 1.337E+03 1.J41E+0J 3.*L+01 J.4E+01
i_nn i_tsmeans i_isar*ni s_acani s_irini

i.65 i.352i+63 i.534E+65 5;9E+6i 5.9E+6i .

1 30 1.328E+03 1.J20E+03 4.0E+01 3 9E+01
1 15 1.326E+03 1.JtJE+03 4.5E+01 4.5E+01
._sa i_inorani i_isarans 1 arant *_&sini

5 55 5.3565+63 5.Ji75+63 4;6i+6 4 6E+0i
1.J0 1.312E+03 1.J22E+0J 5.2L+01 5.2E+01
1.J5 1.309E+03 1.J06F +0J 5.lL+ul 5.lE+0!
i_in ._ina6+na i_smarans a_it ani s_urans

IE45 i'297i+65 i'285t+65 6;65+61 6;0E+61. .

1 50 1.284E+03 1 273E+nJ 6.6E+01 6 6E+01
1 55 1.2",4E+03 1.J67E+03 1.0E+02 7 0E+01
1:50 !;?6*E+43 1:274E*e3 +;!E'O! 5:2E^e!
1 65 1.250E+03 1.280F+0J S.9E+01 5.7E+01
1 70 1.256E+03 1 207E+03 6.SE+01 6.1E+01
1 75 1.239E+03 1 24bF+03 6.2E+01 6 2E+01
1 "O ! : ) 18 #_ + 3 3 ! : 21 -15 + 9 3 h;ME*01 A ^8'a!
1 85 1 222E+33 1 226E+03 6.SE+01 6.6E+01
1 90 1.217E+03 1 204E+0J 6.7E+01 6 6E+01
3 95 3.212E+03 1 204E+03 6.9E+01 6.9E+0!
3ese n DaareaX 1e!*TE'93 T;'E*0' 7-!*^^!e

2 05 1.199E+u3 1 182E+03 7.3E+03 7.JE+01
2e10 1.169E+03 1 191F+0J 7.6E+01 7.6E+0!
2 15 1.186E+03 1 174E+03 7.7E+01 7.7E+01
p.gn i,vaas+91 1.gaur+ns m;nr+gt n_nr.nt

2 25 1 175E+03 1 164E+03 8.2E+01 8 2E+01
2 30 1.169E+03 1 1SSE+03 8.5E+0! 8.SE+01
2.J5 1.163E+03 1 156E+03 8.5E+01 8 5E+01
p.mn n_ints+aa 3.gn=r+n3 n;ag+nt a.arann
2 45 1.156E+0J 1 14JE+0J 8.7L+01 8.7E+0)
2 50 1.l*2E+03 1 14JE+0J 9.00+01 9.JE+01
2 55 1.149E+03 1 130E+0J 9.3t+01 9.2E+ol
3 ug 3 au + al 1 3 mar +ny o;n_+gt u_3r.n3
26S 1 140E+03 1 132E+03 9.4E+0* 9.4E+01
2 70 1.139E+03 1 127E+0J 9.7E+01 9.7E+01
2 75 1.lJ6E+03 1 124E+03 9.8E+01 9.8E+0! .

l
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RESDONSE 3 AR19

NOMINAL AVERAGE NOMINAL AVERAGE
TIME RESPONSE RE5DONSE $7DDEV 57DDEV

^;^^ e.'a^"A4! ^;?"^"^4: .^'A^? ^ 05t"^^
.

0 0S 4.779E908 4 779E+nt 4.9E=U2 4 9E=02
0 10 4.776E+01 4.776E+01 le0E*01 1.0E=03
0 15 4.764E+01 4.F64F+01 1.5E=08 1.SE=01
0:40 e;??"d'e! ^;?&&544 Se"5-0! 1;?E-01
0 21 4.723E+0! 4 720E+01 S.8E=02 5.6E=02
0 33 4.709E+01 4 709E+01 7.3E=02 7.3E=02
0 31 4.690E+01 4.69}"E+01 1.lE=03 le1E=01
^:^t ^;^^^5^9? ^;t+_ A^! !.55 a! t.eE ^!
0 45 4.6J6L+01 4 638E+01 2.lE=01 2.1E=01
0 50 4.603E+01 4ebO1E+01 2.6E*01 2.6E=0!,

0 55 4.SO4E+01 4.560E+01 3.4E=ul 3.4E=01
^;t^ ;"!"f'^' i;4&d&44 ,05-01 ^;0E=0!^ ^

! 0 6S 4.466E+01 4 464E+01 4.SE=01 4.SE=0!
! 0 70 4.410E+01 4.233E+01 2.lg+00 1.9E+00,
' O.79 4. 1184+01 3 694.E+01 76, . m.5 + 0 0 6.3E+00._. .. .a.. _ . i. i. ,_ .. .

6.55 I!7245+65 2'96bi+6i t;4EE66 7;35566.

'
0 90 2.194L+U1 2 46SE+01 6.0E+00 S.8E+00
O. 95 1 448E+01

1. 9 0 9. E + 01 4.2E+00 4.2E+00
_n ._as*mani _m .. * icina ._ rima

; i.ii i;2fsi+6i i;343i46i i;Si+66 3;ii466
1 10 1.0SIE+01 1 186E+01 3.lE+00 3 0E+00
l e .t S 8.90.75+00 9, . 4 8 7.E + 0 0 2.7.E+00 2 6E+00
.. . .A. _a v a. s_m i. s_sni..

I.35 S;93ti+66 7;35 hit 6u };ii+66 5.if+66
1.J0 S.128E+uo S.707E+0u 1.7E+00 1.7E+00
1. . J. S 4.J88E+00 4 64SE*00 1.4L+00 1 4E+00

_ . s_smasann u_iisrann . _ u a nn n_irama

I.45 3.198i+66 i.I48i+66 iiii+6i 5.i5+66
| 1 90 2.676E+00 3 210E+00 1.2E+00 1 1E+00

1. . S.S 2, . 3.4 2.E .+.0 0 3 2.1..E+00 .n e .l .E _+ 0 0 1 0.E+00_. _ . m . .i _. _.

I.55 I;I6II+66 2;O4kE+66 5!62=6i 3.5i=6i
1.'O 2.182E+00 2.dS3E+0u 7.3E=01 6.9E=0!
3 75 2.150L+00 2 614E+00 8.7E=01 7, . 6 E = 0 !. _ . < . s_namiann 2_anicam. m ar ni _ar_mi

i.8i 1.556i+66 i;i33i466 9;3E=5i 8.4t=61
1.90 2.3SSE+00 2.936E+00 1.0E+00 9.3E=01
1 95 2.43SE+00 3 10SE+00 1.lE+00 1 0E+00
3:?^ ?;**!!'99 3:3^"E'90 ';2EA49 ! !E^^^
2eUS 2.694L+00 de90JE*00 1.2E+v0 1 2E+0V
2 10 2.813E+00 Je!02E+00 1.3E+00 1.JE+00
2 45 2.94SE+00 J.J06E+00 l.St+00 l.SE+0um_me s_nTar+nn n_usTr+nn i_vs+nn i.Srann

i.iS 3.144E+08 J.857E+66 1.95+60 1 9E+60
2 30 3.280E+00 J.9S3E+0c 2.0E+00 2 0E+00
2 35 3.427E+00 4 1SIE+00 2.2E+00 2.2E+00
3 .. s;anvs.nn rgvarang m;irann g_iraani

2 45 3.746E+00 4.573E+0V 2.7E+00 2.6E+00
2 50 3.862E+00 4 901E+00 2.9L+00 2.9E+90
2 55 4.004E+00 Sev12E+00 3.lE+00 J.UE+00
3:S^ ^;!32E'99 S;!?eE'00 3.'E'UE 3:3E^99
2e6S 4.24SE*00 S.236E+00 3.3E+00 3 3E+00-

2 70 4.34tE+00 S.294E+00 3.SE+00 3.4E+00
2 75 4.374E+00 S.JSOE+00 3.6E+00 3 5E+00

.
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RESonASE Awt9

Nuu1NAL AVLGAGE NUu1NAL AVEGAGETIMg nE500NSE DEbp0NSF STODEV 57DDEV

- 9190 'br4 4%494- --- -*n f4SEH* t-- -- -* ref+0 0 Gr004^0
0 05 S.297E+02 bed 97F+ed h.2E*01 6.2E=0i
0 10 s.299E+02 S.do9E+02 1.2L+00 1 2E+00
0 1S 9.295E+02 S.J97E+02 8.7t+00 1.7E+00
0,40 S v44% +W2 ------S ydebf+02 -felt +#9- - -tv0i?OG
0 25 S.304E+02 S.292E+02 1.4E*00 1 2E+00
0.J0 S.329E+02 5.J34E+02 1.5E+00 1 5E+00
0 3S 5.364E+02 5 366E+02 1.9E+00 1.9E+00
0.t" 9.t0^5^02 0.00 -^02 2." ^00 2.e"t^0
04S 9.463E+02 S.46uE*02 3.7t+00 3.7F+00
0 50 S.525E*U2 5.b29E+02 4.AL+00 4.8E+00
0 55 9.594L+J2 5.co1E+04 9.9E+00 5 9E+00
0.00 ".t 05^02 0,46v&494 -bret49&- -bv46+99 --0 65 S.769E+02 S.765E+02 7.8t+00 7.8E+000 70 S.864E*02 S.664E*02 8.8E+00 8.8E+00
0 75 S.960E+02 5.955E*02 9.lE+00 9.lE+00 .0."0 . 0"? ^0? L.te2"*02

^
- - G r t *@ t- t v4E+* t-a

08S 6.189E+o2 c.243E+ca 1.8t+08 1.8E+010 90 6.375E+02 6.J23E*02 #.0L+01 2.cE+010 9S 6.528E+VP 6.004E+02 2.4E*01 2.+E*01
*3.00 t rit " L % ? t.h4E44t- -4ribes&-- J rt E+0 6--

1 05 6.999E+02 7.090E+02 3.8E+01 3.8E+01
1 10 7.323E*02 7.JtbE+02 4.6E+01 4.6E+011e15 7.65aE+02 7.844E+02 6.SE*01 6.4E+01:.2^ " 0^35^0? ".2e27*02 ?.50^0: 7.5"t0:12S 8.728E*02 8 52dE+02 9.0L+01 4 0E*011 36 9.236E+02 9.StoE+02 1.tE*02 1 1E+021 35 9.8b5E+v2 1 038E+0J 1.4E*02 1 3E+02-L e t; 5.0t"i'02 av;255t03 !.?t*02 1.tSt021 45 1.145E*03 1 176E+03 1.7E*02 1 7E*021 50 1.223E*03 1.184E+03 1.7E+02 1 7E+021 55 5.269E+03 1 219E+03 1.6E+02 1 6E+02--6,4" 4,4446494 6,4A45^03 !.tt^04- 1.t"+02
1 65 1.295E+U3 1 296E+0J 1.3L*02 1.3E+021 79 t.302h+03 1 477E+03 1.3E+02 1.3E+021 75 1.302E+03 1 241E+03 1.eE+02 1.3E+02--;;"" !.3935403 1.2444403 1,4&a93 1;25+02
18S 1.275E+03 1 231E+03 1.4E+02 1 4E+021 90 1.253E+03 1.212E+03 1.6E+02 1.6E+021 95 1.237E+0J 1 188t+03 1.8E+02 1.7E+022;00 5.??""^03 :.6445^02 !.46'4? I,45442 -
2 05 1.193E+03 1 1 rue +03 2.0E+02 2.oE+022 1n 1.lb6E+U3 1.181E+0J 2.1E+02 2 2E+022 15 1.lJ6E+03 1.19JE+03 2.4E+02 2.4E+022e20 4v4444^0? Ov+70f*02 2.5L*0? 2.55+022 25 1.092E*03 1.169E*03 2.7E+02 2.7E+022 30 1.065E+03 1 181E+03 2.9E+02 2.8E+022 35 1.039E+03 1 190E+03 3.tE+02 3 0E+02--det0 ! 4&l"*03 v4&lf^^2 3.3t+0A 2.2"+^22 45 9.922E+02 1.dobE+0J 3.SE+02 3.JE+n22 50 9.705L+02 1 404E+03 3.6E*Q2 3.4E+022 55 9.594E+02 1 2tbE+0J 3.8E*02 3 6E+022.t0 0. t t :643 :.22bG^0J 4,0;t02 4r75 444---2 65 9.309E+02 1 239F+03 4.2E+02 3.9E+02
2 70 9.215E+02 1 256E+03 4.4E+02 4 1E+02 *

2 75 9.173E+02 1 274E+03 4.6E+02 4 2E+02

.
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AESPONSE s Ax19

NOWINAL AVERAGE NOMINAL AVERAGE
TIME RESPONSE Resp 0NSE STDDEV 3700EV
. .. ._....an. . .... .. . ..i.. . --i..

6;65 6.666E+66 6.6665+66 6.'66+66 6;65+66
0 10 0.000E+00 0 000E+00 0.0E+00 0 0E+00

- 0 15 0.000E+00 0 000E+00 0.0E+00 0 0E+00
i ^:3^ 0;0444400 ce00^5^^O 0.^5^00 0;05t^0
) 0 25 0.000E+00 0 000E+00 0.0E+00 0 0E+00'

O.30 0.000E400 0 000E+00 0.0E+00 0 0E+00
0 3.S 0.000E+00 .,.000E+00 0.0E+00 0 0E+000
._. _. . aa _ =iam . . i. _. ..

6.45 6.666E+66 6.666E+66 6;6E+66 6.6E+66
0 50 0 000E+00 0 000E+00 0.0E+00 0 0E+00
0 55 0.000E+00 v.000F+00 0.0E*00 0 0E+00
^:ta 0:^0^E+^9 0;e00*'00 .^EAO^ 0;^5^0^^

0 65 0.000E+00 0 000E+00 0.0E+00 0 0E+00
0 70 0.000E+00 3.499E=03 3.SE=03 J.0E=03
0 75 4.750E=03 1. 782E=04 1.7.E=02 1.SE=02a_m s smsm_am .2 _.2 m _m s in_ s

6.55 45f655=65 5.I255 UU 3'iE=65 3'.2E=6U
0 90 7.75SE=02 7.421F=02 3.6E=02 3.bE=02
0,.95 1. 0 5 7.E = 01 1. 17dE=01 4 . 2. E = 0 2, 4 2. ,E =_0 2,

_. .. .. m .._ , _. - .2

i.65 i;86ti=6i i;944i=6i 6;6i=6i 6;6t=61
1 10 2.424E=01 2.49E=01 8.0E=92 8 1E=02
1 15 2, . 9,9 0.E = 01 3 320E=01 s. E=0i 1, .1,E =_01.. _ ._ni ._ . ._m .._mi _, ..

i.25 4.SiSE=ct 4.453E=6i i;5E=6i i.5E=65
1 30 S.679E=01 b.137Ea01 1.9E=01 1 9E=01
1.JS 6.742E=01 7.586n_un.E=01 2.3E=01 2.JE=01._.a n_nsa.-ni r_ni s_sr_nn 2_sr_ni

5 4i 9.4145= 1 7 4595 65 s.55. I 1.3t=65
- 1 50 1.000E+00 7.719E=01 2.2E=01 1 8E=01

1 55 1.000E+00 8.667E=01 1.1E=01 9.8E=02
1 ta !:00^Eena 9 't55-?! *;^5 ^* ?:^E-05
1 65 1.000E+00 1.u00E+00 0.0E+00 0.0E+00

j 1 70 1.000E+00 1.000E+00 1.0E+00 0 0E+00'

1 75 1.000E+00 1 000E*00 0.0E+00 0 0E+00
i a^ 1:00^*+"a 1:000**00 0;0E*00 0e08'^Or

1 85 3.000E+00 9.592E=01 4 31E=02 3.SE=02
1 90 1.000E+00 8 789E=01 1.2E=01 1 0E=C1
19
m 35

1.000E+00 0.174t=01 1.8E=01 1.6E=01n,anar+nn v_sism ng s;ar gn s nr_nie
2 05 1.000E+00 S.768E=01 3.6E=01 2.SE=01
2 10 9.688E=01 6.J95F=01 3.4E=01 2.7E=01
2.15 9.192E=01 b.738E=01 3.0E=Ot 2.7E=01s sn a.manrant r, 37mr nt a_25.nt 2.or-at
2 25 8.472E=01 6.378E=0i 3.1E=01 2.9E=61

,

2 30 8.047E=01 6.601E=01 3.0E=01 2.9E=01
! 2 3S 7.62tE=01 b.737E=01 3.0E=01 2.9E=01s.an v ines-ni v_nans-ni a_tr-ni 3.is_nie

2 45 6.969E=01 7 00SE=0B 3.2E=01 3 2E=01
2 50 6.617E=01 6.945E=01 3.3E=01 3.3E=01
2 55 6.343E=01 7 089E=0! 3.SE=01

3. 4 E =_01s an a tong _at v_naar_ni 1 ar-gi t.Ar nie

2 65 S.891E=01 7.26SE=01 3.7E=01 3.6E=0!
2 70 S.740E=01 7.356E=01 3.8E=01 3.7E=01.

*

! 2 75 S.475t=01 7.352E=01 3.9E=01 3.8E=01

|i .

.

Y
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RESD0 HSE a Jwa7

NOMINAL AVERAGE NOMINAL AVERAGE
7!NE RESPONSE RESDONSE STDDEV 57DDEv
0.0^ 0.+NE446 0,&t4F+44 ^.0t+00 0.00000
0 05 4.62tE+01 4.bOSE+01 4.lE+00 4 1E+00
0 10 +.609E+01 4 5sbt+01 3.lE+00 3 1E+00
0 15 3.507E+0! J.471E+01 3.0E+00 J.0E+00
0.00 2r4746444 =Jrettt++; t :E+e: 0.e000;

I0 25 8.188E400 =3.001E+03 3.2E+01 2.2E+01 |0 30 7.912E+00 J.586E+01 2.3E+01 1.6t+010 35 2.4J65+01 2.103E+01 7.3E+00 8 2E+00
0.t- :.S??"^0* J.2000+0: ".^0*00 ?.0"t000 45 2.259E+01 ab.759E=01 1.9E*01 1.lE+01
0 50 1.899E+01 1.725F+08 6.2E+00 6.1E+00
0.55 8.727E+01 1.628t+01 5.3E+00 5.7E+00
0.00 . 2^5^01 2.644444' O.?t+00 0.|"t00

* ^

0e63 1.626E+0! =1 299t+00 1.4E401 7.4E+000 70 9.194E*00 8 42 E+0! 5.0E+00 3.8E+00
0.75 9.653E+00 7. 81 o}E + 0 0 4.4E*00 4.JE+000.0" 0.3446^0" t.40"Ot0" ?.?F40" Ov0St00
0 85 4.975E*00 1 268E*01 6.5E+00 *.8E+000 90 5.878E+00 2.J88E+00 5.lE+00 s.6E+000 95 4.626E400 4.85tE+00 1.8E*00 2.!E+00
:.00 0,4946t00 0.J??;t00

S'9E=01
^0^00 Orl5t001 05 2.836E+00 2.774E+00 .

2. 3 1E=01
1 10 8.452E=01 9.328t+00 6.6E+00 3 6E+00
1. 15 1. 4.3 2..E + 0 0 8. 912E=01 1.5E+00 1.7.E+00.. _. m .. . 1.. . ...

i.25 =i!88}5=6I 5.66555b6 i!95+66 3!35A66
1 30 1.029E*00 =6.va8F=02 1.5E+00 1.FE*00
1.35 =1.608.E=0! =_ .1. b 2 J.E + 0 0 2 . 0 E. + 0 0 2. 2.E+00. - _. i,2 . _ . . . .. .
i;45 =i'f45E+56 i;95ii+66 i;0i+56 2;fi466
1 50 =4.500E+00 6 043E=01 6.2E+00 6 9E+00
1 55 Il0E*01

=l.6434^0^ 1.68 E+01 2.3E+01 1.6E+01- .20}0+0:: 500 :. - : ?!^05 .- t00^

1 65 =1.627E+00 =9.u29E+00 6.8E*00 5.dE+001 70 4.667E*00 =8.664E*00 6.7E+00 7.FT+00
1.75 =l.65tE+00 =8.158E+00 7.2E+00 6 901;S" -t.=055'00 1.u!35^^4 !.35445 ?, s . . o ---
1 85 =3.464E+00 =1 136E+01 4.6E*00 6.9u ..1 90 =4.456E+00 4.123E+00 5.3E+00 5 5E+001.95 6.357E=03 =1.59tt+01 1.3E+01 8.5E+003:0^ -0;?t'S^0^ .3??5^^0 = Stas ^ ";?=t^0^

2 05 -3.879E+00 -6.431E+00 4.5E+00 4.4E+00
2 10 -4.650E+00 8.v89E=01 6.3E+00 5 2E+00
2 15 - 3. 7 8 8, c + 0 0 -4 797.F+00 4. 3E+00 4, . 2. E + 0 0,

E
e s - ms i.m

_2.hb65=65 3 5kA66 2A9E+66
nsa i . im

. .1 ,

2Eji =5 5985566
2.JO =3.218E+00 =1 934E+00 2.7E+00 2 6E+002.35

=.3.716E+00 =J.297E+00 4.0E+00 4.0E+000. - t.'?"5^00 4.e??"^00 .30^0^ ". St^0^

2e45 -4.543C-01 =1 161E+01 9.8L+00 7.oE+00
2 50 -1.332E+00 -4.75vF+00 4.7E+00 4 5E+002.55 =2.022E+00 =b.977E=01 2.lE*00 1.9E+000.00 0.?O2;t;0 -J.7050t00 Ortit00 0.""t002 65 =2.489E+00 *J.021E+00 3.5E+00 J.5E+002 70 al.449E+00 E+00 7E+00-550gE+00 5 7E+00 5.gE+002.75 2.130E=01 =6.93 6 5 E+00 '

.

- - _ _ _ - - . _ - - - - - - - -
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RE5puhSE a Jm23

NOMINAL AVERAGE NOMIl AL AVERAGE
TIME RESPONSE RE500NSE STDDtV STDDEV
^;^^ " 444444! ;t!4544! ".?P Os ^ 0"*^0.

^
.

0 05 4.6J3E*01 4.bl#E+01 4.lE+00 4 1E+00r

! 0 10 4.S94E+01 4.5A6t*01 3.0E+00 3.0E+00'
O.15 3.347E+01 J.JISE+01 2.9E+00 2.9E+00

| 0:3^ 3;'??"'4! -3;3^35^01 3."5'41 3;95t01
! 0 25 6.163E+00 =4.067E+01 3.9E+01 2 6E+01
| 0 30 =3.999E+00 =2.073E+01 1.4E+01 9.2E+00
f 0 35 =1.068E+01 9.746E+00 1.7E+01 1 1E+01
| ?:^^ *;**^*^?^ a.t*?"^^0 !.'''0! 9;^5^^0
'

O.45 1.216E400 =J.656E+00 4.6E+00 3.SE+00
0 50 =1.029E=01 6.J62E+00 S.6E+00 3.9E+00

_ , . 9 6 8.E .+ 0 0 =,1 0.82E+00 3.3.E+00 3. 0.E+00
0 55 1

_.s . .. - . . . n --_m

6.ii i;943i+56 =4;i44i+65 6;6i+56 4;fi4550.f0 =4.288E=01 3.406E+00 3*8E+00 3.SE+00-

_07.S .l . 7_3_t _E _+ 0 0 =S. 039.E+00 S, . S.E + 0 0 3. 3E+.00_. = . . . __ . .. .= .

5;ii =s;ii3E=6i 3;i6Ei+65 3;6-+56 i;6i465
0 90 9.834E=01 =J.732E+00 4.3E+00 3.1E+00,

0 95 2.97tE=01 =7.855E=01 1.4E+00 1 5E+00
1.0^ -3e^2*'-0! 3,030'^00 3 ^5^0^ !;5"t00
1eOS = lei?0E=01 3 792E=01 4.4E=01 3. 4 E .41
1 10 =9.03SE=01 4.172E+00 4*OE+00 2.2E+00
1 15 = S. 1. 4 2.E = 01 = 5. 0 7 3..E = 0 3 4. 8..E = 01 1 0.E+00._.. _ - . .. .. . ._. .

I.ii =i'669E+ 6 2.439E+66 3!4E+66 5.3E+66.

1 30 =S.316E=01 5.088E=01 7.8E=01 1.0E+00
1 35 =l.041E+00 =3.Jt7E+00 1.8E+00 1.2E+00
1:^^ -!:??*E'a^ -3:91 E'00 ?;*E'ea ! : 9E Aes--
1 45 =2.202E+00 =J.828E=02 .l.9E+00 1.4E+001.S0 =2.940E+00 1.288E+00 3.8E+00 3.2E+00
1 55 =S.557E+00 1 436E+01 1.SE+01 7.2E+00
::S" ^;!e**-?! -5.?^&&A00 ".*5^^? ^;3EA^0
1 65 =1.253E+JO 5.b89E+00 3.7E+00 2.bE+00
1 70 =2.462E+00 3.989E+00 2.lE+00 2.2E+00
1.

75 =1.SSPE+00 =J,.967E+00 2.9E+00 2 7E+00.. _i asseann _ sv rann a scann s_arim

i.ii =i;Stfi+66 =4;i82i+66 5;iE+66 5.6t+66
1.90 =2.792E+00 =3.bl0E+00 3.0E+00 3.0E+00
1 95 =1.331E+00 =5.894E+00 4.lE+00 3.3E+00
?:et *:'"^*'ea 1:?*??'Se *;*E'Oa 2:58^t0
2 05 =2.827E*00 =4 006F+00 2.3E400 2.3E+00
2.10 3.265E+00 =1 222E+00
2 15 -2.783E+00 -4.475E+00 3*JE+00 3.oE+003

.lE+00 2. 9E+00s_m _m_nsarann -7_monrann s_iuann _nsann
I.is =2.9195+86 =2.US6t+66 s.6E+ 6 2.6E+i6
2.30 =3.123E+00 =2.911E+00 2.lE+00 2.1E+00
3,.36 _=3.S31E+00 =3.bS8E+00 3.1E+002.

3 1 E.+gg_,00
s_anan6nn .g,.agraa9 i;arann i ar

2 45 =2.257E*00 =e.101E+00 5.8E+00 4.bE+00
2 50 2.672E+oo -e.4blE+00 3.4L+00 3.3E+00
2 55 -2.854E+00 =2,.650E+00 2.3E+00 2.3E+00s_m. _s_vnsrann _ se tr ann s_A.-6nn 2_ rann-

i.5S *5.8 7E+56 =3.6965+66 3.0E+U6 3.UE+66'

2.70 =2.204E+00 =4.619E+00 3.9E+00 3.7E+00
2 75 -1.536E+00 =5 041E+00 4.lE+00 3 7E+00

*
,

l

_ , .. _ -
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RESPONSE a Afo2

NOMINAL AVEAAGE NOMINAL AVERAGE
TIME RESPONSE RESDON5E STODEV 57DDEV

^:Os ";30^5's? 5.2^^5ASA ?. d'O^ 0: Oft"0
0 05 5.30aE+02 5.J04E*04 S 7E=01 S.7E=01
0 10 5.303E+02 5.J02E+02 1.2E+00 1 2E+00
0 15 5.292E+02 5.493E+02 1.9E+00 1.9E+00
^;30 5,4345444 h4445^03 ?.3t'00 2 45+44--
0 25 5.268E+02 5 260E+02 1.4E+00 1 4E+00

i 0 30 5.266E+02 5 271E+02 1.3E+00 1.2E+00
0 35 S.267E+02 S.268E+02 1.1E+00 1 1E+00
?:^0 *;!t'E'^! 5;?^"?'a3 !.eEA^^ !:^"*??
0 45 9.2b8E+02 5.d65E+02 9.5E=01 9.4E=01
0 50 s.267E+02 5 269E+02 9.6E=01 8.SE=01
0.SS 5.267E+02 5.269E+02 7.8E=01 7.FE=01
0160 *:f**E+92 S.2t?Ma02 '.0E-0! 6:9E-0!
0 65 S.261E+02 S.267E+02 6.3E=01 6 3E=01
0 70 5.26&?+02 S.269E+02 5.6E=01 S.6E=01
0.75 S.2682402 S.267E+02 S. 0E=01 S . 0 E =_01 ,

e-ee m;aansass m;3msmaag ;ag_93 * a= .i

0 8S 5.268E+02 5 469E+02 4.1L=01 4 1E=01
0 90 5.268E*02 5.d69E+02 3.60-u1 3.6E=01
0.95 5.2b8E+02 5.468E+02 3.3E=01 3. J E =_01i_an a_sunsan2 <_2mvran2 i mt-ni s_nz ni -

i.66 s.268i+62 5.i68i+6i 2;94-6i i.ii=6i
1 10 5.269E+02 s.267E+02 2.8E-01 2 6E=01
1 15 s.269E+02 S.267t+02 2.6E=01 2.SE=01
!-se ;?i=s'e= e:!*=eae? =;*s-e! 3:^e-ei
1 25 S.269E+02 5.269E+0g 2.2E=01 2 2E=01
1 30 5.2b9E+02 5.d69E+02 2.3E=01 2.3E=01
teJS S.269E+u2 5.468E+02 2.3E=01 2.2E=01
i_in s_saar+ns =_;mvrans s_ar-ni 2_ar_ni

i.45 5.269i+62 5.2685+65 2.3E=61 5.35 6i
1 50 S.268E+02 5 468E+02 2.4E=01 2 5E=0!
1.S5 S.267E+02 S.273E+02 4.6E=01 2.4E=01
! rte =:''*E*02 *:a&&8'^? S;'E-O' ?:^*-e!
1 65 5.268E+02 5 469E+02 2.2E=01 2 0E=01
1 70 9.268E+02 5 466E+02 2.7E=01 2.3E=01
1 75 5.2b8E+02 5.268E+02 2.3E=01 2.3E=01
..an n_sunesas n_snursn2 2_st .ni s.ar_ni

i.8i s.267E+02 5.167i+0i 2.3E=61 i.3E=61
1 90 5.267E+02 S.267t+02 2.4E=01 2.4E=01
1 95 5,267E+02 S.267E+02 2.5E=01 2.5E=01
? np a mavganz gegavnang 3;ag,nn m an_nee
2 05 5.267E+0F 5 d66E+02 2.7E=01 2 6E=01
2.10 5.267E+02 5 267E+02 2.7E=01 2 7E=01
2 1S 5.267E+02 5.266E+02 2.8E=01 2,8E=01
3.gn =_2avr+gs s_gsvroeg 2_ar gi 2.or_ni

3 25 5.267E+02 5 267t+02 3.0E=01 3 0E=01
2.J0 S.267E+02 5.267t+02 3.0E=01 3.0E=01
2.38 S.267E+02 $.267E+03 3.1E=01 3.1E=01
s.an m zavrens n . 2 agg3 ns i st=nn _m.ns-nie

2 45 5.268E+02 5 468E+02 3.1E=U1 3.2E=01
2 50 4.Ib8t+02 5 269E+02 3.4E=01 3.4E=01
2.SS 5.268t+02 5.469E+02 3.5E=01 3.5E=01
p.an =_shar+om s pynr+n> 1:nt=nn a . a r - gt_ _

2 65 5.269E+02 5.271E+02 4.2E=01 4 1E=01
2.70 5.269E+02

6 272E+02
5 4.7E=01 4e6E=01 .

2.75 S.270E+02 273E+02 S.2E=01 5.2E=01

.

- - _
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RESDONSE a Jule

NQMINAL AVERAGE NOMINAL AVERAGETIME RESPONSE RESDONSE STDDEV $7DDEV
0.00 0.0'00t0: 4.L"2000" 0.00000 0,00400
0.05 4.620E+01 4.60JE+01 4.lE+00 4.lE+000 10 4.567E+01 4.559E+01 2.9E+00 2.9E+000 15 3.211E+01 3.l*5E+01 2.9E+00 2.9E+000,2e 2.M0000 - 0 ,0 50f+M--'- 0.0it0; 2.0040i0.25 4.326E+00 =4.312E+01 3.4C+01 2.7E+010.30 6.239E+00 =2.222E+01 1.3E+01 9.3E+000 38 =1.324E+01 =3.444E+00 9.3E+00 7 2E+000.00 -0.^000^0; 0.0000t00 ?.^0t00 0.00000

--

0 45 *l.553E+01 =2.Ol3E*01 4,%E+00 3 6E+000.50 =1.662E+01 ~1.097E+01 3.lE+00 3.2E+000 55 =l.883E+0! =1 71JE+01 2.8E+00 2.6E+000.00 1;.00"O+0i ;,400"t0a 0."0f00 0,'"0000 65 =2.0SIE+01 =1 741E+01 3.6E+00 3.0E+00. 0.70 =2.078E+01 =1.115E+01 9.0E+00 7.4E+0007S =1 134E+01 =2 486E401 1.lE+01 7.7E+000.^0 -0.St""^0" -7. JEFE 4"; t ?tt00 0.^t0000 85 =1.214E+01 =4.695E400 6.6E+00 5.3E+C00.90 =%.62tE+00 =1.809E+01 1.1E+01 7.3E+00
,

0. 95_ =_ 6 . 2 0 4. .E + 0 0 = 8 0,3. _1.F + 0 0. . 3. 0.E + 0 0 3. . l .E + 0 0_
_ _ .

i;6i =i;ii6i+66
_. . . .. ..

.i;5iii466 i2;iii66 i;5i466
1 10 =4.152E+00 =2.688E+00 IE+00 2.0E+001.l.s = 3. 4 6 0. .E + 0 0 =3. . a. 4 5.E + 0 0 9. . s.E. = 0.1 1 3.E+00. - _. . . . _.
i;ii =5;656E+66 i;663E=0i 5'iE+50 i;&E466

. =.

1.30 al.90lE+00 =2.717E+00 1.2E+00 1.4E+00
1. 35 = 2, . 3,0 4 E.+ .0 0 =J. 95b.E+09 1.4E+00

1. ! .E +.0 0_ . _ sa. _ v i.,_ nei.
I;4i =i;iiii+66 i;6aii466 5;ii466 i;ii466

. m

1.50 =3.378E+00 1.028t+00 3.7E+00 2.4E+001 55 =4.641E+00 1.034E+01 1.1E+01 5.6t+00---ts00 0.50":-^* -0.2'3*^^0 t,"^^00 5.05t001 65 =1.226E+00 =5.J70E+00 3.5E+00 2.4E+001.70 =l.654E+00 =J.197E+00 1.5E+00 1.5E+001 75 =_ ,l . 3 5. 8.t + 0 0 = 2. . b.l 2.E + 0. 0_ ,1. 6. .E + 0 0 1.5E+00. - . ... . . .. . .. .
i;ii =i;s25i+66 =1; isis 466 i;&i466 i;ii4661 90 =1.877E+00 =2.974E+00 1.4E+00 1.7E+001 95 =_ .1.17 2.=E + 0 0 -3. 7, =91.E + 00 2. 3.E+00 1 9E.+00.. . . = _. . i.

i 65 =E;646i+66 =k."E76E+66 l'3E+66 i iddb6
. .. .

.2 30 =2.347E+00 =8.968E=01 2.0E+0c 1.8E+002 15 =1.964E+00 -3.478E+00 2.lE+00 1.8E+003.00 -!.S405^00 0.7^35t00 3.^5+00 2.35t003.{S =2.200E+00 =1.989E+00 1.2E+00 1.2E+002.40 =2.414E+00 =2.383E+00 1.4E+00 1.4E+002 35 =2.794E+00 =2.758t+00 2.2E+00 2 2E+00* v: 0 ".""0"^^^ -2.***T^^0 ?.*t^^^ 3.t=^^02.45 =2.044E+00 ~6.728E+00 4.6E400 J.7E+002.50 =2.477E+00 =4.196E+0u 2.8E+00 2.6E+00
|2,.55 =_2. 8 8 8.E.+ 0 0 _= 2. 9 7 3. E + 0 0_ 2, . 0.E + 0 0 2, . 0.E + 0 0 1

.. .. . .. . . . .
H;ii =5;5tvi466 =i;ii5i466 5;6E+56 i;ii466 |

. ...
.

H.70 a2.785E+00 =5.590E+00 4.lE+00 3.SE+002 75 =2.26SE+00 =6 156E+00 4.5E+00 3 9E+00
.

t.
.
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Appendix (Cont.)

RESPON5E a A716

NOMINAL AVERAGE NOM 1hAL AVERAGE
TIME mESPONSE Resp 0N5E STOCEV 57DDEV

0.00 ".*000t02 0.0000t00 ^ 00t00 0.00000-.

0 05 5.304E+02 5.304E+02 5.3E=01 5.3E=01
0 10 9.303E+02 5.J02E+02 1.1E+00 1 1E+00
0 15 5.292E+02 5.293E+02 1.6E+00 1.6E+00
0.00 0,4744 t 00 Ov20?"t00 .0it00 1.7";00
0 25 S.268E+04 5.260E+02 6.3E=01 4.3E=01
0 30 S.267E+02 5 272E+02 4.0E=01 3 1E=01
0 3S S.27tE+02 S.273E+02 3.4E=01 3.4E=01
0.t- ".??""^02 0.0"00t00 .t0r0t 1.0" ^t

^

0 45 5.289E+02 5 288E+02 9.9E=01 9.8E=01
0 50 5.303E+02 5.J06E+02 1.4E+00 1 4E+00
0.55 S.322E+02 5.J25E+02 1.Ac+00 1.8E+00
0 t0 ".3t"t+00 ".0^7"t00 0.t0t00 0.*"t0?,

0 65 S.373E+02 5.374E+02 3.0E+00 3.0E+00
0 70 9.406E+02 S.411E+02 3.8E+00 3.8E+00
0 76 S.44SE+02 5.448E+02 4.6E+00 4.6E+00

.

0.00 ".tS?"^02 ".t"0"+00 ".30t00 ".3"t0;
0 85 5.533E*02 S.540E+02 6.3E*00 6.3E+00
0 90 5.585E+02 5.5AdE+02 7.lE+00 7 1E+00
0. 95 5.640E+02, 5 . b 3 6, F + 0 2, 7. 8,E+00 7.8E+00 '

. an-cin - &n 1. , i. . .c-..

i.65 5'I5I5+61 5'iU3556I E5i5566 i.3i566. e
1 10 S.403E+02 5.677E+02 1.1E+01 8.7E+00
1. 15 S. 400.E+02 5. 738E+02 6. 6.E+00 S. 6.E+00_.. .A A. .. i. . ... . .

i.35 5 '. 7 3 8i + 6) 5'.79aE+63 4'.Si+66 4'.5iA66
1 3n 5.784E+02 5.801E+02 5.3E+00 5 2E+00
1 3.5 5.783.E+02 5 77nF+02, 5.lE+00 5 1..E+00

1
. wa -i. . , i. .,1. . 1

1;45 5"7765+6i 5;t655+61 6565+66 5;65466.

1 50 S.757E+02 S 746E+02 6.6E+00 6.6E+001.S5 S.731E+02 5.789E+02 7.4E+00 6.6E+00: . t r. '. . ? t " " ^ 0 " ".?3?"t^2
".20t00 S.3"t00.

1 65 '.724E+02 5.753E+02 6 0E+00 5.7E+00
1 70 .,731L+02 6.21JE+02 9.0E+01 4.5E+01
1. 75 .S.712E+02 b.638.E+02 9. . t E + 01 7. 9. E + 01,o i. u im -1 -i-s ..im

1 8S 6.003E+02 6.464E+02 9.1E+01 9.2E+01
1 90 6.174E+02 6 105E+02 9.0E+01 9.St+01
1 95 6.246E+0f 6 117t+02 8.9E+01 9. g! + 0 0~E+0!
0.00 a.??"S^03 0.023"*00 ".?O+0 0.-
2 0S 6.275E+02 6 0**E+02 9.2E+01 9 2E+01
2 10 6.202E+02 b.239E+02 8.8E+01 9.lE+01
2. 15 6.103.E+02 b.278,E+02 9. 2,E + 01 9. 7. ,E + 01. , .. eios & mm im3 1. 1 3

i;ii i;i65i+6i 6;fiii46i i'5i46i i;ii46i
2 30 S.667E+02 8 018E+02 2.0E+02 1 5E+02
2 35 S.632E+02 7.497t+02 1.8E+02 1.5E+02
0.00 ".^200^02 7.00""^00 .e0+0* . "+02* * "

2 45 5.624E+02 7.473E+02 1.AE+02 1 6E+02
2 50 5.620E+02 7.498E+02 1.8E+02 1.bE+02
2 55 s.617E+02 7.507E+02 I.8E*02 1.hE+02
2.tn ". 6104t02 7,ttutt04 1.^0+00 1.t"t00
2 65 S.607E+02 7.519E+02 1.9E+02 1 6E+02 =

2 70 5.606E+02 7.527E+02 1.9E+02 1 6E+02
2 75 S.603E+02 7.556E+02 1.9E+02 1 6E+02

.
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RESPONCE a ADJ2

NOMINAL AVERAGE NOH1NAL A52 RAGE
TIME RESPONSE RE5 DON 5E STDDEV 37DDEV
^;^^ ?;?t44^^?_ ?;2e55^e? 0.S A^? ^;0!+^0
0 05 2.270E+03 2.267E+03 1.4E+02 1.4E+02
0 10 2.237E+03 2.227E+0J 2.RE+02 2.8E+02
0 15 1.999E+03 2 027E+03 4.lE+02 4 1E+02
0;20 !.^t?5403 1;9?3E+0? ".25^44 ^;3Et0?
0 25 1.361E+03 1 383E+03 f.9E+01 1.3E+01
0 30 1.357E+03 1.363E+03 1.2E+01 1 2E+01
0 3..s 1. 3.s7E+03 1 3.61 E + 0.3 1. 2.e + 01 1 1.E.+01_ _ .... i .. i 4, . .in. ._. n.

6.45 5.3575+ 3 5. 36 i 5 +'33 i;5E+65 5.55+65
0 50 1.357E+03 1.J59E+03 1.7E+01 1 7E+01
0 55 1.356E+03 1.J64E+03 1.7E+01 1 6E+01

--0;S? 1;?STE+03 1;3*^E'03 2,4E'0! 2;!EA01
0 65 1.356E+03 1 351E+03 2.0E+01 1 9E+01
0 70 1 353E+03 1 356E+03 2.5E+01 2 5E+01o 0 75 te349E+03 1.J60E+03 2.5E+01 2 4E+01^;^^ !;?^*E'0? ';3^^?^03 ?.*5A4! ? ; ?? A40-.
0 85 1.345E+03 4.J45E+03 3.0E+01 3 0E+01
0 90 1.339E+03 1 352E+03 3.2E+01 3 0E+01
O. s 9 5 1.338E+03

1. . J. 3 8 E + 0 3 3.4E+01 3.4E+01-

_n ._siirani _ sinans i atani i_arini

i;6i i;55ii+65 i;55ii+55 5'9E+6i 5;ii+61
1 10 1.326E+03 1 332E+03 4.0E+01 3 9E+01

| 1 15 1 326E+03 1 316E+03 4.5E+01 4 4E+01
i i;?" ! _ ? ? ' E ' a '' 1;3??"At? ^ .*EA0! ;***^&--^

1 25 1.31eE+03 1.J16E+0J 4.RE+01 4 8E+0!
1 30 1.314E+03 1.J08E+03 4.8E+01 4.8E+0!
1 3.5 1. 310E+03 1 301E+03 4.9E+01 4.9E+01._ .inirani ,_3anani &cani a_crin

i.45 i.2685+63 i.j755+63 5;5i+6i 5'Ei+65.

1 50 1.287E+03 1.271E+03 6.4E+01 6 5E+011 83 1.262E+03 1 320E+03 7.7E+01 6.9E+01
!;t" !;???!'?? !;2?t?Ae? ?.'E'e! 5;48444--
1 65 1.256E+03 1 264E+03 5.7E+01 5 7E+01
1 70 1.25tE+03 1.229E+0J 6.0E+01 5.8E+01
1 75 1.244E+03 ,1 221E+03 6.4E+01 6 2E+01_an e_siarini _narans m_ scans m_arani

i.e6 i.cisi+03 i.iiSi+65 6;7t+0i 6 7E+61
1.s0 1.2.6E+03 1 2 3E+03 6.6E+01 6.4E+01
1 95 1.21gE+03 1 209E+03 6.9E+0i 6 9E+01

!;20 84a' 1;!a78+93 T-2gane v.grann2-??
2 05 1.199E+03 1 18bE+03 7.5E+01 7.4E+01
2 10 1.191E+03 1.;85F+0? 7.5E+01 7.5E+0!
2 15 1.184E+03 1 194E+02 7.8E+08 7.8E+01
? 2a t 'A^E+^3 1 8nQF+^! A;nE+n' A ^F'n'_
2 26 1.174E+03 1 10lE+c3 6.3E+01 8 2E+01
2 30 1.170E+03 1 157E+03 8.6E+01 8 6E+01
2 35 1.164E+03 1 155E+03 8.6E+01 8 6E+01s_m n_navaans i nanaani a_Trani a_vaan,

i.46 i.1555+63 i.i48E+03 8.9E+U1 8 8E+0i
2 50 1.153E+03 1 139E+03 9.0E+01 9 0E+01
2 55 ,1.149E+03 1 13bE+03 9.3E+01 9.3E+01
s un _niurani i_iu. rani a_asani o arani

I.65 5.1415+ 3 i.534E+63 9;5E+6s 9 5E+6i*
2 70 1.137E+03 1 135E+03 9.8E+01 9.8E+01
2 75 1 136E+03 1 125E+03 9.8E+01 9 8E+01

.
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