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A TECHNIQUE USING A NONLINEAR HELICOPTER MODEL

FOR DETERMINING TRIMS AND DERIVATIVES

Aaron J, Ostroff, David R. Downing,
and William J. Rood*
Langley Research Center

SUMMARY

This paper describes a technique for determining the trims and quasi-static deriva-
tives of a flight vehicle for use in a linear perturbation model; both the coupled and uncou-
pled forms of the linear perturbation model are included. Since this technique requires a
nonlinear vehicle model, detailed equations with constants and nonlinear functions for the
CH-47B tandem rotor helicopter are presented, Tables of trims and derivatives are in-
cluded for airspeeds between -40 and 160 knots and rates of descent between +10.16 m/sec
(£2000 ft/min). As a verification, the calculated and referenced values of comparable
trims, derivatives, and linear model poles are shown to have acceptable agreement.

INTRODUCTION

Avionics research for helicopters is in progress at the Langley Research Center
as part of the VT OL approach and landing technology (VALT) program (ref, 1). An
NASA/Army/Boeing Vertol CH-47B helicopter will be used as a tool to evaluate advanced
research concepts relating to navigation, guidance, control, and displays. In order to
assist this effort, a mathematical model of the CH-47B is required. Although a nonlinear
model is available from the TAGS program (ref. 2), the complications become immense
when the development of a feedback controller for the vehicle is considered a prime goal.
Furthermore, the computational time during simulation can become significant, especially
if the model contains a large number of nonlinear functions.

An alternate approach is to represent the vehicle by a linear perturbation model
consisting of trims and stability and control derivatives. Since data for the complete
CH-47 flight regime are unavailable in the literature, a method to calculate the trims and
derivatives is needed. This report, therefore, describes a general procedure, using a
nonlinear model, that automatically determines the trim conditions and the stability and
control derivatives for any vehicle. The data generated in this paper are specifically for
the CH-47B and are compared with existing data (ref. 3) where available,

*Vought Corporation, Hampton, Virginia.




This report is divided into three main sections. The first section describes the
approach for calculating the trims and the stability and control derivatives. An iterative
solution to the six steady-state equations of motion is used to balance the forces and
moments in a body-axis reference frame, Six trim variables are calculated for various
flight regimes; these are the pitch and roll attitudes relative to a level-heading frame and
the four control stick positions. Quasi-static derivatives (ref. 4) are determined by cal-
culating the changes in the forces and moments due to a small perturbation in each of the
state and control variables. The second section describes the twin-engine, tandem -rotor
helicopter model used to calculate the forces and moments. This model is essentially the
large maneuver model used in reference 2, with modifications to give a better representa-
tion of the CH-47B. The equations are divided into major modules representing specific
areas or major functions, A brief description of each module is presented in this section
and the actual equations are given in an appendix. Trims and derivatives obtained by the
methods described in this paper are discussed in the third section and are compared with
data from reference 3; this section includes plots of selected derivatives and trims for
zero rate of climb and a velocity range of -40 to 160 knots. The data are presented gen-
erally in both SI Units and U.S, Customary Units. Calculations were made in U,S, Custo-
mary Units. Five appendixes include a discussion of the sign convention and major coor -
dinate frames used (appendix A), equations for the helicopter nonlinear mathematical
model (appendix B), constants for the CH-47B (appendix C), a linear perturbation model
(appendix D), and a set of tables (appendix E) containing the trims and derivatives for
velocities ranging from -40 to 160 knots and rates of descent over a range of +10.16 m/sec
(£2000 ft/min).

SYMBOLS
[A] stability derivative matrix
[B] control derivative matrix
[C] gradient matrix of Y with respectto &7, 6, and ¢
Ej jth column vector of [C]
Cr rotor thrust coefficient
dFpR interference factor of front rotor on rear rotor (see eqs. (B38) and (B41))
dFRp interference factor of rear rotor on front rotor (see eqs. (B39) and (B40))



Frp, M vector of total force on vehicle, N, and vector of total moments on vehicle,
N-m (see fig. D1)

Fx,Fy,Fyz summation of thrust and aerodynamic forces along body x-axis, y-axis,

and z-axis, respectively, N (see fig. Al)

g acceleration due to gravity, m/sec2

H¢ Hy drag force of front or rear rotor perpendicular to shaft in downwind direction,
N (see fig. A2)

hg, hy distance from center of gravity of helicopter to front or rear rotor hub, mea-
sured parallel to helicopter z-axis, m (see fig. A2)

Ixx,Iyvy,Izz helicopter moments of inertia about X-axis, Y-axis, and Z-axis, respec-

tively, kg—m2

Ixz helicopter product of inertia in XZ -plane, l«:g-m2

i angle of incidence of rotor shaft, rad (see fig. A2)

i,j dummy variables for counting

L,M,N total rolling, pitching, and yawing moments about center of gravity of helicop -
ter, N-m (see fig. Al)

lg,lp distance from center of gravity of helicopter to projection of front or rear
rotor hub on x-axis, m (see fig, A2)

m helicopter mass, kg

P,Q,R vehicle angular velocity about body x-axis, y-axis, and z-axis, respectively,
rad/sec (see fig. Al)

[s] 6 x 10 stability derivative matrix defined by equation (15)

§j jth column vector of [S]

T, Ty thrust force of front or rear rotor parallel to shaft, N (see fig. A2)



U, vV,w velocity of vehicle along body x-axis, y-axis, and z-axis, respectively, m/sec
(see fig. A3)

VB’VL vector of vehicle velocities expressed in a body frame or a local level frame,
m/sec

Voo free-stream velocity, m/sec

X,Y,Z orthogonal coordinate system with X-axis parallel to Earth in direction of

forward flight, Z-axis down toward center of Earth, and Y-axis completing

a right-hand coordinate frame (see fig. Al)

X,Y,Z orthogonal body-axis coordinate system with x-axis toward front of vehicle,
z-axis pointing downward, and y-axis completing a right-hand coordinate
frame (see fig. Al)

x',y',2' rotor -hub axes, parallel to body axes but centered at rotor hub (see fig. A2)
X3,¥S,28 rotor -shaft axes, centered at rotor hub with zg-axis down along rotor shaft,
yg-axis coincident with y'-axis, and xg-axis forward to complete a right-

hand frame (see fig. A2)

XWs YW ZW rotor wind axes, related to rotor-shaft axes by rotor angle of sideslip
(see fig. A2 and eq. (A3))

X vehicle horizontal airspeed, knots (see figs. 9 to 15)

X,Y,Z summation in equation (6) of aerodynamic, thrust, and gravitational forces
along body x-axis, y-axis, and z-axis, respectively, N

Xiuss Yfus: Zfus fuselage aerodynamic force along body x-axis, y-axis, and z-axis,
respectively, N

X general state vector (see appendix D)
)—ZN nominal state vector

)_.EN derivative of nominal state vector
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perturbation state vector

}:fp derivative of perturbation state vector

)-ET total state vector of vehicle

}-.ET derivative of total state vector

¢ output vector from HELICOP defined by equation (6)

Y, Y, side force of front or rear rotor perpendicular to shaft and directed 90° from
downwind in direction of rotor rotation, N (see fig. A2)

VA vehicle vertical velocity, positive down toward Earth center, m/sec

s fuselage angle of attack, deg (see fig. A3)

Btus fuselage angle of sideslip, deg (see fig. A3)

B’ sideslip angle of rotor, rad (see fig. A2)

5 general control vector (see appendix D)

5 jth component of &

Ap perturbation vector

Apj jth component of Ap

A,A0,A¢ correction terms to 8, 6, and ¢ for trim calculations (see fig. 2)

AT perturbation vector in £ (see fig. 4)

4B,5¢c,08,0R longitudinal, collective, lateral, and directional controls, cm

5N,3P,3T nominal, perturbation, and total control vectors, m (see fig, D1)




r convergence tolerance vector for trim calculations (see fig. 2)
6 pitch attitude of vehicle, deg (see fig. Al)

A rotor inflow ratio

Al component of inflow ratio due to free-stream velocity

i rotor advance ratio

v variable step parameter (see eq. (8))

£ 10 x 1 parameter vector defined by equation (14)

P air density, kg /m3

1) roll attitude angle of vehicle, deg

Q rotor rotational speed, rad/sec

ﬁB vector of vehicle angular velocity expressed in a body frame, rad/sec
Subscripts:

f front

r rear

N nominal

p perturbation

Stability derivative notation:

BA=§]—3- where B canbe X, Y, Z, L, M, N and A canbe U, V,
trim W, P, Q R, 0B, 6c, 05 OR



CALCULATION OF TRIMS AND STABILITY DERIVATIVES

Background

The motion of a vehicle can be described by the general nonlinear vector differential
equation

3.'('1‘ = f(i(T,gT) (1)

where XT is the total state vector and gT is the total control vector. The vehicle
motion can also be represented as the sum of a nominal trim motion (XN,gN) and a pertur-
bation (3’(13,5'@ about the nominal. With this approach, both the state vector and control

input vector are given by

Xr = XN + Xp (2)
Sy = 0N +0p (3)

The nominal trim variables ;(N and gN are then chosen to satisfy

Expanding equation (1) about the nominal trim values and retaining only first-order terms
in XP and 5p gives the linear vector differential equation

Xp = [A]Xp + [BITp (5)

Equation (5) is a good representation of the motion of the vehicle near the trim f(N, gN,
i.e., for small Xp and Op. The matrices [A] and [B] are the stability and control de-
rivatives of the vehicle. For convenience, matrices [A] and [B] are referred to as the
stability derivative matrix. A detailed representation of equation (5) is given in
appendix D,

Trims

The calculation of static trim conditions and associated stability derivatives makes
repeated use of a large maneuver model of the CH-47B. The nonlinear model, discussed
in a later section, is referred to as HELICOP., As shown in figure 1, inputs to HELICOP
include constants such as air density p, distances of rotor hubs from center of gravity



ls, lp, hg, hy, and mass m and variables such as vehicle velocity VL expressed in
a local level frame, vehicle angular velocity §B expressed in the body frame, roll angle
¢, pitch angle 0, and four control stick deflections gT-

Input constants: Input variables:

>

> >
P, m, If’ 11., hfu hr VL, QBa ea ¢, GT

4

Nonlinear model

HELICOP

Output

—
FX - mg sin® —T

FY + mg cosB sind

¥
Il

FZ + mg cosB cosd

L
M
A |

Figure 1.- Input-output definition for HELICOP,

The output from HELICOP is the 6 x 1 vector of forces and moments Y. The first
three components of Y (i.e., X, Y, Z)are the sum of the body-axes aerodynamic and
thrust forces Fyx, Fy, Fyz and gravitational forces. The second three components of
Y are the total moments L, M, N about the vehicle center of gravity expressed in
body axes. Positive directions for the body-axes forces and moments are shown in appen-
dix A, figure Al, The vector Y is given by



Fx - mg sin 6 1 X

Fy + mg cos 0 sin ¢ Y

<
Il

Fy + mg cos 6 cos ¢| = |Z (6)
L L
M
N N

L - -

where g is the acceleration due to gravity.

The trim condition implies a special set of the vehicle velocities, stick positions,
and attitude angles that produce static equilibrium; i.e., the sum of the forces and moments
equals zero (? = 0). The trim conditions defined herein are calculated and tabulated for
fixed values of p, m, I, I, hg, hp, and ﬁB and discrete values of —V'L. For each
V1, the program iterates on gT, 6, and ¢,

As shown in figure 2, initial guesses are made for the stick positions 3’.%0) and atti-
tudes 5(0) and ¢>(0). (The superscripts refer to the iteration number.) If T is not
within a predetermined convergence tolerance ¢, then gT, 8, and ¢ are updated by
increments A5’T, AfB, and A¢., These updates are calculated using the negative of the
gradient of Y with respectto 8, 6,and ¢ (ref.5). The approach for calculating the
gradient matrix [C] is described later in this section. A gradient step that would reduce
?(i) to zero if the relation were linear is

AS.T
A6 | = -[C(i)} —1?(1) ™

Ad

Since Y is a nonlinear function of ET, 6, and ¢, the step given by equation (7) may be
too large (linearity could be violated); consequently, a parameter v is introduced so that
the size of the gradient steps can be reduced to:

—

Ad

e _V[c(i):|—1§('1) )

LAd)

-



m,

<¥

Input:

1ps 15 b

£ r

5, 0(0) 6(0) 3 (0)

i=0

g(i+l) 3(1) A%
e(i+l) - e(i) +| 20
¢(i+1) ¢(i) Ad

RV [C]"l‘f(i)

n

ne
A9

Calculate
gradient

matrix

[c]

Y

HELICOP

Y(i)

1
> r

i)

Record trims:

o hr,V 9)

_ 1),

1, h

,eN ¢N=¢

Figure 2.- Flow chart for trim calculations,



where 0= v=1. A value of 0.1 for v was found to give rapid convergence for all trim
cases. The control sticks and attitude angles are updated by

’5»{11+1) (i)

-1
9(i+1) = 9(1) - V‘-C(l):l Y(l) (9)

sl o0

This process is iterated until all components of Y are sufficiently close to zero. Con-
vergence tolerances of 0.04448 N (0,01 1b) for the force components and 0,00136 N-m
(0.001 ft-1b) for the moment components were used. When convergence is reached, the
trim condition defined by the constants VL, ﬁB, m, p, Ll Ly, hg hy,, and the final
values of the variables 3T, 8, and ¢ is recorded. The trim values of 5T, 8, and ¢
are designated gN) fN, and o.

A flow chart illustrating the technique for calculating the gradient matrix [C] is
shown in figure 3. Inputs include the final updated values 6%), 9(1) ¢(1), and Y( )
and a control-stick perturbation vector Ap. Also required are the other basic inputs to
HELICOP (p, m, Ij, Iy, h;, hy, Vi, and $p). The approach is to estimate the first
four columns of [C], relating to the four control channels, by using a perturbation approx-
imation to the derivative and to estimate the last two columns, relating to the attitudes 6
and ¢, by using an analytic expression for the derivative. A new set of forces and
moments ?j are generated by separately applying a perturbation to each of the four con-
trol channels. Each of the first four columns of [C] are then approximated by calculating
the change in Y due to the perturbation in control stick Af)'j, as shown in

- ) 3
YV .Y o
¥ Y Y & G=1,...4 (10)
85]' Apj J

As an approximation to save computer time, the gradient of Y with respect to the atti-
tude angles 6 and ¢ is generated by performing the partial derivative operations on
equation (6) and by assuming that Fyx, Fy, Fz, L, M, and N are not functions of
6 and ¢. The last two columns of [C] are given by

11



Basic inputs:

p, m, lf’ ll’"

hf’ hr’

V., Q@

L> "B

Current value:
3, 60, 1), 3 43

J=1

s = 6(i)s ap.
J J

HELICOP

J=j+1

¥ o ?(i)
7 o= -
J !
Apj
No
j=b
Yes
N Y . 5%
C 5 C6 =
30 Jo_g(1) 39 Jgog(i)
¢=¢(1) o= (1)

>

_ = > > > >
[c] = [Cl’ Ca» C35 Cys G C6]

Figure 3.- Flow chart for calculation of gradient matrix [C].
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[ -mg cos 0
-mg sin 6 sin ¢
> -mg sin 8 cos ¢
- an
8 0
0
= 0 -
_ 0 -
mg cos 8 cos ¢
T -mg cos 6 sin ¢
oY _ (12)
o9 0
0
— O —

The fifth and sixth columns of [C] are then ai’{/ae and 8?/8(1) evaluated at 6 = G(i)
and ¢ = ¢(i), i.e., the present estimates of the trim attitude angles.

The gradient matrix [C] is

o
p=¢(V

[c(i)]{‘c'l Cy C3 C4 %’ B_ﬂ (13)
g=6(1)

Stability Derivatives

The stability derivatives are used to approximate the behavior of the vehicle about a
trim condition when subjected to small perturbations in Vg, ﬁB, and gT- For conve-

—

nience, define the 10 X 1 parameter vector & as
Vg

r-|% (14)

13



The 6 X 10 stability derivative matrix [S] is defined as the gradient of Y with respect to
2, evaluated at trim conditions, as shown in the following equation:

[s]= {"—?} (15)

& -
X7=XN
6T=6N

The stability derivatives, shown in figure 4, are calculated by changing one compo-
nent of the parameter vector Z_j.J by a small amount <A7§3) and by Ieavingfll other compo-
nents at their trim values. (The subscript j refers to the element in ¢.) This new set
of inputs is then put into HELICOP, resulting in a changed output Y. In order to get a
reasonably good fit, both a positive and a negative perturbation are used to produce Y
and Y\ , respectively. The jth column of [S] is then approximated as

S() <@
§=-XT - (16)
2 Ag:'

The size of Agj was kept small to get a good approximation; 1 percent of the typical
range of that variable was used. The perturbations are tabulated as follows:

AU, mM/SEC . . . v v v vttt e e e e e e 0.792
AV, M/SEC . . v v v v s e e e e e e e e 0.152
AW, M/SEC. . v v v v v e e e e e e e e e e e e 0.152
AP, rad/sec . . . . . o u e i e e e e e 0.005
AQ, rad/sec . . . . . . . e e e e e e e e 0.005
AR, rad/s€c . . & v v v it e e e e e e e e e 0.005
Adg,em . . . L e e e e e 0.330
Ad,em . L L L L s e 0.229
Adg, €M v v v v e e e e e e e e e e e e 0.216
Alp, Cm . . o o e e e e e e e 0.190

14



EN, Ag
5=
=12,
£, o= By + of,
J=j+1 HELICOP

* (1)

HELICOP

Form

[s]

Figure 4.- Flow chart for stability derivatives.
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HELICOPTER NONLINEAR MODEL

The CH-47 (Chinook) is a twin-engine tandem rotor helicopter (see fig. 5 taken from
ref. 6) designed for all-weather, medium -sized transport type operations. The three
bladed rotors are driven in opposite directions through interconnecting shafts which enable
both rotors to be driven by either engine. The rotor heads are fully articulated, with

pitch, flapping, and drag hinges.

60"
TRUE
9'—0" 121_5"
o' 5' 10 T
[EENURINETE] o 1
<
o l v
WA T
ROTATION ROTATION
99' o
) e
1n
16'10%
130
18'15%
' KNEELED
_ -+ GROUND LINE
o Aol g T
/ L 13'3"—»1'_”'6"—*f \
¥

112 2on 4**51'0"__—?
8 2|9n
GROUND CLEARANCE

19.2"

Figure 5.- Three-view drawing of the CH-47C helicopter taken
from reference 6 (1 ft = 0.3048 m; 1 in. = 0.0254 m).

The equations describing the helicopter are taken from reference 2, with a few mod-
ifications to give a better representation of the CH-47B, and are shown in appendix B for
completeness. Only steady-state equations are included since the desired purpose of this
research is to calculate trims and quasi-static derivatives. The only two areas affected
by this approach are control mixing and rotor inflow ratio. Since the helicopter model
(HELICOP) has been developed in modular form for computer programing, the transient
response dynamics can be easily added if desired.

16



A flow chart for HELICOP is shown in figure 6. Each box represents a major mod-
ule that is described in the following sections in the order shown on the flow chart,

Although HELICOP has been specialized for the CH-47B, only minor variations
would be required to represent other tandem rotor helicopters.

Tnitialization

Governor

!

Transformation parameters
and
Aerodynamic coordinate transformation

L.

Control mixing
and

Coordinate transformation

Rotor inflow ratios,

Thrust coefficients
and

Interference parameters

Rotor forces
and moments

t

Fuselage forces
and moments

\

Total system forces

and moments

Output

Figure 6.- Flow chart for HELICOP,
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Governor

For the purpose of this program, the rotor rotational speed £ is a constant. The
model can be expanded in the future to include engine dynamics.and to investigate the sen-
sitivity of the trims and derivatives to changes in angular velocity.

Transformation Parameters and Aerodynamic Input
Coordinate Transformation

The linear velocities of each rotor referenced to their respective shaft incidence
angles and the angular velocities referenced to the rotor wind axes are calculated (see
appendix B, eqs. (B2) to (B9) for the front rotor and eqs. (B12) to (B19) for the rear rotor).
The relationship of the rotor wind axes to the body axes is shown in figure A2 of appen-
dix A. Normalizing the horizontal and vertical velocities of each rotor by the rotor tip
speed allows calculation of the rotor advance ratio ¢ and the component of inflow ratio
due to free-stream velocity X' (egs. (B10), (B11), (B20), and (B21)).

Control Mixing and Coordinate Transformation

Equations for first and second stage mixing are combined and shown in simplified
form (eqs. (B22), (B23), (B25), and (B26)). This simplification is possible since only
quasi-static derivatives are desired. For each trim condition, the final stick trim posi-
tions were checked to verify that physical limits are not exceeded.

The CH-47B and CH-47C models have actuators at both front and rear rotors to
automatically introduce forward longitudinal cyclic pitch as a function of airspeed. These
trim schedules (fig. B1) affect the trim values at higher airspeeds. Finally, the lateral
and longitudinal cyclic pitch angles are transformed from the body axis coordinate frame
to the rotor wind axis frame (eqs. (B24) and (B27)).

Rotor Inflow Ratios, Thrust Coefficients, and Interference Parameters

There are four nonlinear equations that contain terms for the rotor inflow ratios
Af, Ar and the thrust coefficients Cr g, CT,r- The problem is to find values that sat-
isfy all equations. The approach used is to initially guess at two of the variables and then
iterate until all four variables converge within a predefined tolerance. Figure 7 is a flow
chart showing the major steps in calculating the four variables. Since trims are being
calculated for flight conditions which differ by small steps in velocity, the past values of
A and A, are used as the initial guess for the new flight condition. By means of equa-
tions (B28) to (B35) and the initial guess, CT,f and CT,r are then calculated. A non-
linear function simulating rotor lift stall is included in the thrust coefficient calculations

and is shown in figure B2.

18



Figure 7.- Convergence loop for calculating rotor inflow

Initial guess at

Af’ >‘r‘

Calculate

Cp,e> Cr,»

Modify

Af, Ar

Calculate

dFFR’ dFRF,

Af’ Ar

Calculate updated values of

Cp.e2 Co,r

Steady-state values
C C s A A

T,f> "T,r £ r

ratios and thrust coefficients.
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Interference parameters dFgR, dFrp between the two rotors are functions of the
inflow ratio, advance ratio, and rotor sideslip angle (eqs. (B36) to (B41)). For backward
flight, the interference parameters are interchanged; i.e., equations (B40) and (B41) are
used in place of equations (B38) and (B39). New values for A and A, are then calcu-
lated (eqs. (B41) and (B43)) by using the values obtained for the thrust coefficients, inter-
ference parameters, and components of inflow ratio due to the free-stream velocity,

The new values of Ay and A, are then used to calculate new values for CT’f
and Cr r, as described previously. If Cr ¢ and Cpp agree with the previous values
within 0.0001 percent, the iteration is assumed complete. If the convergence tolerance is
not met, Ay and X, are modified by adding a fraction of the difference between the old
and new inflow ratios to the previous values, The process is then repeated for another
iteration. A number that works reasonably well for this fraction is 0,25.

Rotor Forces and Moments

Inputs to this module include rotor inflow and advance ratios, longitudinal and lateral
cyclic pitch angles, collective pitch angles, blade twist, rotor angular velocities, and rotor
parameters, These inputs are used to calculate thrust, coning angle, longitudinal and lat-
eral flapping angles, horizontal and side forces, required torque, and both pitching and
rolling hub moments. A correction factor to simulate stall at high airspeed is included by
increasing the average rotor drag coefficient gy and dogry of appendix B). The force
and moment calculations for the front and rear rotors are shown in equations (B44) to
(B74),

Assumptions used in development of these equations include: (1) constant induced
velocity through the rotor disk, (2) small flapping angle and inflow angle of attack, (3) neg-
ligible second and higher order harmonics for flapping, (4) negligible effect of the reverse
flow region, and (5) infinitely rigid blades in all directions. The air density is assumed
constant in all of these calculations. Provisions can be made to change air density as a
function of altitude,

Fuselage Forces and Moments

Equations (B75) to (B90) show the approach for calculating the fuselage parasitic
drag forces and moments. Analytical expressions relating the fuselage forces and
moments to angle of attack ay,g5 and sideslip angle pBg,g are taken from reference 2.
Figure A3 of appendix A illustrates the sign convention for af,g and Bpyg. A different
approach was used to calculate the fuselage aerodynamic force along the body x-axis
Xfys since a numerical value for the flat-plate drag area was not available. A figure
plotting the quotient of the drag to dynamic pressure as a function of ag;g and Byg
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can be found in reference 3 and is shown in figure B3, Interpolation is then used to obtain
the flat-plate drag area.

Total System Forces and Moments

Equations (B91) to (B96) show the summation of the total aerodynamic forces and
moments acting on the helicopter. The rotor forces and moments are transformed from
the rotor wind axes to the aircraft body axes and are then summed with the fuselage forces
and moments, The rotor forces also contribute aerodynamic moments about the helicopter
center of gravity. As shown in figure A2, the positive directions for the front and rear
rotor side forces are opposite each other,

RESULTS AND DISCUSSION

Using the techniques and the nonlinear model (HELICOP) described earlier, a set of
trims and stability derivatives for the entire flight envelope was generated for the CH-47B,
These data are presented in appendix E and are sufficient to allow the CH-47B to be rep-
resented by either the linear coupled model or the linear uncoupled model discussed in
appendix D.

A major factor that impacts the validity of these trims and derivatives is the com-
pleteness of HELICOP, In order to establish confidence in HELICOP, a comparison is
made with referenced data. The most complete set of data available in the literature is
for level flight (Z = 0) at horizontal velocities of X = 0, 40, 80, 120, 140, and 160 knots
(ref. 3). These data include 2 angle trims, 4 control-stick trims, and 30 stability deriva-
tives required in the uncoupled linear model. Since both the nonlinear model and the tech-
nique used to generate the referenced data are not documented, the cause of any difference
between referenced and calculated data cannot always be determined. As shown in fig-
ure 8, the linear-model analysis consists of comparing the calculated and referenced val-
ues of trims, stability derivatives, and poles of the linear model.

The calculated and referenced values of the stick and attitude trims are shown in
figure 9. Additional calculated values are included to better define the shape of the trims.
Both the shapes and magnitudes of the two sets of trim data agree very closely for all
compared velocities. The maximum error in 0y is at 80 knots and is less than 0.79;
the maximum error in ¢y is less than 0.4° at 160 knots. The stick trims show excellent
agreement with a slight divergence between the calculated and referenced values in high-
speed flight. The maximum errors occur at 160 knots and are 1.09 cm (0.43 in.) for
op,N, 1.01 cm (0.4 in.) for ‘SC,N’ 0.23 em (0.09 in.) for 5g,N, and 0.94 cm (0.37 in.)

for 5R N-
b
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Referenced HELICOP

nonlinear model (appendix B)
Referenced linear model Calculated linear model
trims and stability derivatives trims and stability derivatives
(ref. 3) (appendix E)

Linear model analysis:
Trims
Stability derivatives
Poles
J

Figure 8.- Model verification,

Plots of the referenced and calculated stability derivatives are presented in fig-
ures 10 to 15. Approximately two-thirds of the 30 stability derivatives show excellent
agreement for all velocities. The remainder of the derivatives have some differences in
magnitude, although the shapes generally agree quite well. An exception occurs at hover
(X = 0). For this velocity the calculated values of several derivatives, e.g., Yy and
Ny, were found to be larger in order of magnitude than the referenced values. This would
imply a radical change in the behavior of the vehicle in the vicinity of hover, Such behav-
ior is not observed in the actual vehicle; it is concluded therefore that HELICOP and
the calculated derivatives do not adequately describe the CH-47B at X = 0. The nonlin-
ear model representation (HELICOP) at hover is the suspected source of this anomaly.

So as to generate reasonable values of calculated derivatives at X = 0, a third-order
curve was fitted through the calculated values at X = -40, -20, 20, and 40 knots, This
function was evaluated at X = 0 to generate the values shown in figures 10 to 15 and in
the tables of appendix E.

Approximately one-third of the stability derivatives exhibit some differences in
magnitude between the two sets of data. A comparison of the linear-model poles for both
referenced and calculated data (table I) shows the stability-derivative magnitude differ-
ences to be acceptable. Zeros of the models have also been calculated but are not included
in table I since there is no simple and meaningful criterion for evaluating the effects of the

zeros in a multi-input multi-output system.
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TABLE L. - POLES OF REFERENCES AND CALCULATED LINEAR MODELS

(a) Longitudinal

(b) Lateral

f(, knots Calculated poles Referenced poles
0 -0,2977 -0.272
-1.404 -1.040

0.078 + 0,459

0.094 + 0.440j

40 0.388 0.427
-0.091 + 0.286j -0.064 + 0.268j
-2.23 -1.90
80 0.555 0.645
-0.093 + 0.242j -0.067 + 0.209j
-2.77 -2.55
120 0.666 -0.803
-0.053 + 0.173j -0.043 + 0,142j
-3.14 -2.88
140 1.056 0.911
-0.050 0.035 + 0.096i
-0.002 -0.035+ 0. ]
-3.31 -3.02
160 0.978 1.12
-0.020 -0.019
-0.053 -0.052
-3.20 -3.06

X, knots Calculated poles Referenced poles
0 -0.987 -0.942
0.064 + 0.459j 0.123 + 0.469j
-0.042 -0.082
40 -1.02 -1.03
0.065 + 0.440j 0.089 + 0.469j
-0.035 -0.062
80 -1.11 -111
0.077 + 0.386j 0.096 + 0.515j
-0.039 -0.049
120 -1.18 -1.13
0.127 + 0.350j 0.131 + 0.600j
-0.046 -0.053
140 -1.24 -1.17
0.177 + 0.365j 0.156 + 0.640j
-0.047 -0.063
160 -1.37 -1.21
0.260 + 0.402j 0.204 + 0.623j
-0.046 -0.098
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The form of the referenced and calculated poles shown in table I agree at all veloci-
ties except for two longitudinal poles at 140 knots, This exception occurs at a transition

point in the velocity sweep where a pair of complex roots at lower velocities become real

roots at higher velocities.

Comparing poles near the origin (real parts less than 0.1 rad/sec) for both longitudi-
nal and lateral cases shows that the real parts of all roots differ by less than 0.03 rad/sec,
except for a pair of lateral roots at X=0 anda single lateral root at X = 160 knots.

For roots with real parts larger than 0.1 rad/sec, only a single longitudinal root at X=0
and a pair of lateral roots at X = 160 knots have differences in their real parts greater
than 20 percent. The majority of the imaginary part of the roots also exhibit similar close

agreement,

The excellent agreement of the control-stick and attitude-angle trims, the shape and
magnitude agreement of the majority of the stability derivatives, and the agreement of the
pole location indicate that HELICOP and the referenced nonlinear model agree (except at
X = 0) with regard to the stability character and fundamental modes of response of the
CH-47B. Exceptions do exist which produce differences in some zeros that could lead to

different time responses.
CONCLUSIONS

This report contains a complete set of materials needed to mathematically describe
the CH-47B helicopter. The material includes both a nonlinear model (HELICOP) and a
linear coupled model with its 6 trims and 60 quasi-static stability derivatives covering the
entire flight regime. The results from comparison with reference data show that the lin-
ear model and HELICOP are a good representation of the CH-47B, the exception being that
HELICOP is questionable at zero airspeed. A comparison with data available in the liter-
ature was made for the trims, stability derivatives, and poles of the uncoupled linear
model for positive velocities and zero rate of descent,

The two attitude-angle trims and four control-stick trims show excellent agreement
at all velocities. The 30 stability derivatives comprising the uncoupled model show very
good agreement regarding shapes, and the majority agree in magnitude. All but three of
the poles of the linear model near the origin (real parts less than 0.1 rad/sec) agree
within 0.03 rad/sec. Only three roots which have real parts greater than 0.1 rad/sec
show differences in real parts greater than 20 percent. The majority of the imaginary
parts also exhibit close agreement,
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The technique used to generate the trims and stability derivatives is general and
could be applied to other vehicles, All that is required is a nonlinear model of the vehicle,
equivalent to HELICOP, which generates forces and moments from attitude angles and
control -stick inputs.

Langley Research Center

National Aeronautics and Space Administration
Hampton, Va. 23665

March 25, 1976
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APPENDIX A
SIGN CONVENTION AND COORDINATE FRAMES

This appendix defines the sign conventions, angles, and coordinate frames used in
this paper. Figure Al illustrates the relationship between the local level axes (X, Y, Z)
and the body axes (x, y, 2). The local level frame has its origin at the vehicle center of
gravity. The Z-axis is down and coincident with the Earth vertical; the X-axis is the pro-
jection of the vehicle's longitudinal body axis along the Earth with positive direction
defined in forward flight; and the Y-axis completes a right-hand coordinate frame.

X

J *

Z

Figure Al.- Angular velocities, aerodynamic forces and moments, and relationships
of local level axes and body axes with positive directions of vehicles.

The body frame has its origin at the vehicle center of gravity. The x-axis is along
the reference longitudinal direction of the vehicle with the positive direction pointing for-
ward; the z-axis is in the plane of symmetry of the fuselage with the positive direction
through the floor; and the y-axis is positive to the right side, completing a right-hand
coordinate frame. The transformation from the local level frame to the body frame is:
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APPENDIX A

p3 cos 6 0 © -sin @ J’X
y ) = |sin 0 sin ¢ cos ¢ cos 0 sin ¢ )Y (A1)
Z sin 8 cos ¢ -sin ¢ cos 0 cos ¢ {\Z

where 6 and ¢ are the pitch and roll attitude angles. Positive directions for the body
forces and moments (FX, ¥y, Fz and L, M, N) and the body angular velocities (P,
Q, R) are shown in figure Al. - :

FRONT ROTOR

W,

REAR ROTOR

Figure A2.- Definition of rotor-shaft axes, wind axes, and rotor forces
for front rotor and rear rotor,

Figure A2 defines the relationship of the body axes, rotor-shaft axes, and wind axes
as used in the nonlinear model. (The subscripts f and r refer to the front rotor and
the rear rotor.) Two rotor-hub axes (x', y', z') are defined parallel to the body axes,
one centered at the front rotor hub and the second at the rear rotor hub, The locations of
the two rotor hubs relative to the vehicle center of gravity are given by ¢, I, h¢, and
hy. The rotor-shaft axes (xs, vs» ZS) are related to the body frame by
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APPENDIX A

xS] cos i 0 sini| (x'
ysl=| O 1 0 y' (A2)
zg -sin i 0 cos i| | z'

where i is the shaft incidence angle.

The wind axes for each rotor is related to the respective shaft axes by the rotor
sideslip angles B; and B as follows:

F(W’f [ cos By sinBp O r{S’fl
gyW,f - | -sin ,8% cos B% 0f, VSt (A3a)
%@W,f 0 0 L Izs,f )
(Xw,r -cos B+ -sinB. O f‘s,r
Yw,r\ =|-Sinfr  cos fr  O/ygr (A3b)
ZW r 0 0 1 ZS’I.J

Finally, the transformation from wind axes to rotor forces is:

N\

Yf — 0 1 0 yw’f (A4a)
Tf _0 0 -1 IZW f
J H) 1 0 0 fcw .
’
Yo\ o0 -1 o)y y (A4b)

Ty [0 0 IIZW,I.

where the rear rotor forces constitute a left-hand coordinate frame. The positive direc-
tions for all rotor forces are shown in figure A2.
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The definition of fuselage angle of attack (afus_) and angle of sideslip (Bfys) is shown
in figure A3, The three linear velocities U, V, and W are defined along the x, vy,
and z body axes, respectively.

Figure A3.- Definition of fuselage angle of attack og,g and
angle of sideslip Bgyg-
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APPENDIX B
EQUATIONS FOR HELICOPTER NONLINEAR MODEL

The 10 inputs to the helicopter nonlinear model (HELICOP) are the three body-axes
velocities U, V, and W, the three angular body rates P, Q, and R, and the four con-
trol stick positions dp, 6c, 0g, and O6R. The six outputs are the three forces Fyx,
Fy, and Fgz and the three moments L, M, and N. Constants for the model are pre-
sented in appendix C. A complete list of equations for each module (found mainly in
ref, 2) are presented in this appendix. (Subscripts F and R refer to the front and rear

rotors, respectively.) The equations in this appendix are essentially in modular form for

use in a computer program,

Additional symbols applicable to this appendix are defined as follows:

Aop,Apor front/rear rotor coning angle, rad
Arp,A1r  front/rear longitudinal flapping angle, rad
AjcF,AICR front/rear lateral cyclic pitch angle in rotor-shaft axes, rad

AlcFDR,AICRDR rate of change of front/rear lateral cyclic with direction control,
rad/m

A1cFDS,AICRDS rate of change of front/rear lateral cyclic with lateral control, rad/m
A1cFR,AICRR  front/rear lateral cyclic pitch angle in wind axes, rad
ag slope of rotor-blade lift curve per radian

Bir,Bigr  front/rear lateral flapping angle, rad

Bicr,BIiCcRr front/rear longitudinal cyclic pitch angle in rotor-shaft axes, rad or deg

Bicrr,BicrRr  front/rear longitudinal cyclic pitch angle in wind axes, rad

bg number of blades per rotor
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APPENDIX B

equivalent flat-plate drag area of fuselage, m2

Cr1. - +Cra dummy variables in equations (B91a) to (B91d)

CLa

CLg

rate of change of fuselage lift force with @ normalized by dynamic pressure,
m2/rad

rate of change of fuselage rolling moment with B8 normalized by dynamic
pressure, m3 /rad

rate of change of fuselage pitching moment with @ normalized by dynamic
pressure, m3/rad

rate of change of fuselage yawing moment with 8 normalized by dynamic
pressure, m3/rad

Cri. - CRr4 dummy variables in equations (B91e) to (B91h)

Drys1

Drus2

€s

Her,Her

Lrus

Lygr,Lyr

rate of change of fuselage side force with 8 normalized by dynamic pressure,
m?2/rad

body-axes velocity component in longitudinal plane, m/sec
body-axes velocity component in lateral plane, m/sec
rotor flapping hinge offset, m
dummy variable, kg-m (see eq. (B44))

front/rear rotor drag-force coefficient

aerodynamic rolling moment about helicopter center of gravity due to fuselage,
N-m

front/rear lateral hub moment, N-m
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Lp rolling moment about helicopter center of gravity due to rotor drag and side

forces, N-m

Mp Mach number above which a nonlinear compressibility term is added

Mpgyus aerodynamic pitching moment about helicopter center of gravity due to fuse-
lage, N-m

Myr,Myr front/rear longitudinal rotor hub moment, N-m

Mp pitching moment about helicopter center of gravity due to rotor thrust, drag,

and side forces, N-m

MmgoF,;MmTgor  front/rear Mach number at rotor blade azimuth of 90°

My mass moment of blade about flapping hinge, N-m

Ngys aerodynamic yawing moment about helicopter center of gravity due to fuselage,
N-m

Np yawing moment about helicopter center of gravity due to rotor drag and side

forces, N-m

Pg,Pr front/rear components of vehicle rolling rate about rotor wind axes, rad/sec
QAEROF,QAEROR front/rear torque required, N-m
QcFs;Qcr front/rear rotor torque coefficient

QpprES dynamic pressure, N/m?2

QF,QRr front/rear components of vehicle pitching rate about rotor wind axes, rad/sec
Rp rotor blade radius, m
Ry,RR front/rear components of vehicle yawing rate about rotor wind axes, rad/sec
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Rip,Rir  front/rear rotor wake angle, rad

Tc dummy variable related to rotor thrust coefficients (see eqs. (B28) to (B35))

(TC)break break point above which a nonlinear function simulating rotor ljft stall is
included

te ratio of thickness to blade section chord

Uy, UR front/rear rotor relative wind velocity in rotor wind axes, m/sec

Ur1,URt longitudinal velocity of front/rear rotor along x-axis of body, m/sec

Urg,URge longitudinal velocity of front/rear rotor in rotor-shaft axes, m/sec

Vg1, Vr1 lateral velocity of front/rear rotor along y-axis of body, m/sec

Wryus vertical body axes velocity due to fuselage, m/sec

Wr1,WR1 vertical velocity of front/rear rotor along z-axis of body, m/sec

Wg9,WRg vertical velocity of front/rear rotor in rotor wind axes, m/sec

Ycp,Yor front/rear rotor side-force coefficient

Y rotor blade lock number

ATep,ATcR thrust limit nonlinear gain from reference 2 (see fig. B2)

SrH,Org front/rear drag coefficient for rotor drag force and torque

%o nominal average rotor drag coefficient without correction term

8FDB,RDB rate of change of front/rear collective pitch witl? longitudinal stick,

rad/m
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8¥DC,YRDC rate of change of front/rear collective pitch with collective stick, rad/m

80F,90R front/rear root collective pitch, rad
Ly rotor blade twist, rad

6Tw,0TR root collective pitch at full 6¢, rad
o rotor solidity ratio

Qo nominal rotor rotational speed, rad/sec

I Governor
Q = Qo (Bl)

II Transformation Parameters and Aerodynamic Coordinate Transformation

Front Rotor
Rotor velocities in body axes

Ur1=U - 4Q (B2)
Vg =V + 4R + heP (B3)
Wp1 =W -4Q (B4)

Rotor velocities in rotor -shaft axes

[UFZ cos ip  sinip [UFD‘
= \l ‘ (B5)
Wy ~-sin ip cos ig \WFl
Relative wind velocity in rotor wind axes
511/2
2 2
Up = [(UFz) +(Vry) _| (B6)
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Ik -
i

i

Rotor sideslip angle

sin B'F =

Upg
cos B = Ur

1

Angular velocities in rotor wind axes

Py cos ip cos ,B'F sin B'F
QF\ _ |-cos i sin B  cos BR
R}J -sin ig 0

Avance ratio

Up
“F ~ oRg

Component of inflow ratio

Re ar Rotor

Rotor velocities in body axes
Ur1 =U - hyQ

VR]. =V —er+ hrP

APPENDIX B

Up#0 .
(Up# 0) &)
(Up =0
(Up# 0)
(B8)
(Up =0
sin i cos Bf PW
|
-sin ip sin BR[{ Q (B9)
cos i IR_
(B10)
(B11)
(B12)
(B13)
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WR1 =W +1:Q

APPENDIX B

Rotor velocities in rotor-shaft axes

URr2

WRr2

Relative wind velocity in rotor wind axes

Ug = [(URZ)Z + (VR1>2:|

cos iR

-sin iR

Rotor sideslip angle

=

VRr1

sin Bh =
|

Urg
cos BgR = Ur

1

sin iR | (U1 |

cos iR LWRI

1/2

Angular velocities in rotor wind axes

PR -cos iR cos B'R
QR = |-cos iR sin B'R
RRJ sin iR

Advance ratio

Ur
R = oRp

-sin B'R
cos BR

0

-sin iR cos B'R P

-sin iR sin BR |\ Q

~COS iR

R

(B14)

(B15)

(B16)

(B17)

(B18)

(B19)

(B20)
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Component of inflow ratio

AL = WR2
R™ Orp

III Control Mixing and Coordinate Transformation

Front Rotor
80oF = 0TF + 0FDBOB + 9FDCOC

Arcr = A1cFDSS + AICFDROR

[AICFR cos B -sin Bf [AICF

\
\Brcrm/  |sin g cos 8| Brce
Rear Rotor
0oR = TR + PRDBOB + ORDCOC

A1CR = AICRDS%S + AICRDROR

[AICRR cos By sin BR [AICR)

\
BICRR -sin B cos BR BICRj

(B21)

(B22)

(B23)

(B24)

(B25)

(B26)

(B27)

The longitudinal cyclic trim terms (BICF, BICR) automatically introduce forward

longitudinal cyclic pitch into both rotor systems as a function of airspeed, as shown in

figure B1.
IV Thrust Coefficients

Front Rotor

(B28)
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0.288 - 0.48p
(TCF)break— ag )

Tcr
Tcr =
(Tcw) break * ATCF

ATcp is computed from figure B2,

Crp =50
TF = —5- TCF

(B29)
(TCF = (TCF) break)

(B30)
(TCF g (TCF)break)

(B31)

| | I 1 |

-4o  -20 0 20 Lo

Figure Bl.- Trim schedules of front and rear longitudinal cyclic pitch.
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12
.10
.08 |
—
B()
a .06 |
wm
[u]
.obh |
.02
1 1 i 1 | | [} [} 1 N
0 .02 .0L .06 .08 .10 .12 .1k .16 .18 .20

: as[Tc - (TC>break]

Figure B2.- Thrust limit nonlinear gain for both front and rear rotor.

Rear Rotor

A ] e ] 0 B
Ten =R+ 20RO+ glupffOR )  Prcmy (B32)

0.288 - 0.48
88 MR (B33)

(T CR>break = ag
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T = (B34)
CR
’ (.TCR)break + ATCRr <TCR > (TCR)break>
where ATcR is computed from figure B2.
aqo
Ctr = —g’— Tcr (B35)
V Rotor Inflow Ratios and Interference Parameters
HE
R = —1 —_
IF = tan" (B36)
RR = tan-1 R (B37)
AR

For Ux z O:

dFFR = [0.356 + 0.321RyF - 0.368(Ryp)2 + 0.392(R1F)3J (1 - |sin B'FD + [0.356 + 0.0131R;p

- 0.0764(Rpp) 2 - O.OOSS(RIF)ﬂ |sin 8| (B38)

dFRF = {0.356 - 0.151R[R - 0.314(RR)% + 0.164(RIR>3] (1 - |sin Bh’) + 170.356 + 0.0131RR
- 0.0764(RiRr)? - 0.0085(RIR)3} |sin BR| (B39)

For Ux<0:

dFRF = [0.356 +0.321RIR - 0.368(R[R) + 0.392(Rm)3} <1 - |sin Bh) + [0.356 + 0.0131RR

- 0.0764(Rg)? - 0.0085(RIR)3}|sin BR| (B40)
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dFpR = [0.356 _ 0.151Ry - 0.314(Ryp) 2 + 0.164(R1F)3} (1 - |sin Bi*“l) + [0.356 + 0.0131Ryp

-

- 0.0764 (Rpp)? - 0.0085(RIF)3] |sin B (B41)
CrTF CTr
Ap = AL - - dF : B42
F = \F . 5172 RF — 5 51/ (B42)
2/(0F) + (uF) ZL(KR) + (HR)J
C C
AR = MR - TR 73 - IFFR TF 73 (B43)
2 2 2 2
2|ap)? + (1)) 2|hp)? + up)?
VI Rotor Forces and Moments
Fy = 70(Rp)? : (B44)
H = 7°(Rp)
Front Rotor
Drag coefficient
For MTgof - Mp £ 0,
2
Spg = 00 + 2.07(Tcp) (B45)
For MTQOF - MD >0,
SFH = 60 + 2.07(TcF)? + 0.096(MygoF - Mp) + 0.8(Myggr - Mp)® (B46)
where
Mp = 0.955 - 1.25t¢ (B47a)
and
QR
B 2 2
MrgoF = 331.6<1 +\/(FF)” + (F) > (B47b)
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Thrust
Tg = FHCTFQZ (B48) -
Coning angle

,
_7 bor ot (“F)POF

AOF 12{4TCF+ 5 * 5 5 (B49)

Longitudinal flapping angle

\ 0 B 16Q ok
4 F 2 T 3 ICFR-] F[’ F
= — 4+ ap —_—— - -
ATF 2{“F< 5 "3"OF*35 -3 “FBICFR> & | T ye v (B50)
; . +F) -
2
Lateral flapping angle
- 21
4 MF 16PF'- HF)
Brr = 3|————|AOF + AICFR - —g~|1 - ( J (B51)
) - :
2 -
Side-force coefficient
Bir  AICFR MFBICFR 3 3 o)
Ycr = TcrBrr + “F{AIF<_4— =% HFA0F> *AOF(—5 — -7 Y90F -5*F -3
Brr A B A
« ap(PIE _ AICFR) | AOF< ICFR , IF) (B52)
4 4 6 6
Side force
aQo
Y = —g— YcpFyue? (B53)
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Horizontal-force coefficient
Lgd
Hcr = TCFATF + — 18 (B54)
ZaS
Horizontal force
ago 2
Hf = -~ HCFFHO (B55)

Torque coefficient

2 2
orH ., BICFRAIF _ 3 2 ArcrrBrir  (Brr)”  (Aor) ]
QCF = PP PP |25, T 16 "l e 14 I

N (BICFR i AIF) _AOFAICFR , AorBIr\ A s _Por*r Or'r
Fi4 2 6 3 dag ~ 3 4

2 2 2
_BicFRAIF |, AicrrBrr  (F)°  (A1F)°  (Brp) (B56)
8 8 2 8 8
Torque required
- 287 QepFRO2R (B57)
QAEROF = —5~ QCFFHY RB
Longitudinal hub moment
egb
MyF = iz§ My Q2Arp (B58)
Lateral hub moment
esbs
Lygg = 5 MwﬂzBIF (B59)
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Rear Rotor
Drag coefficient

For Mygor - Mp £ 0,

SR = 00 + 2.07(TCR)2
For Mrgor - Mp > 0,

SRE = 00 + 2.07(TcR)2 + 0.096(MpggR - Mp) + 0.8(MTggR - Mp)®
where Mp is defined by equation (B47a) and where

QRB / 2 . 2)
MTg0 =m(1 +\ (BR)” + (MR)

Thrust
2
Ty = CTRFHN
Coning angle

25 ]
90R+€3;_QL_R>_@J
5 2

Longitudinal flapping angle

4 [ ‘R 2 ot 3 BICRR| IGQR;( (MR
A = — —_— —_ 9 —_— - B = [ - 1 v

L2 2 3 2

(LR)

1 -

2

ﬂ

Lateral flapping angle

AQR + A IGPRL
— 5| A0R * AICRR - — g5~ |1 -
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Side-force coefficient

BIr _ AICRR LRBICRR _3 3 o
YcR = TCRBIR + HR[AHQ(T -—% " MRAOR) +AOR\=——5 —— -79%R -5*R -3

A
. kR<BIR _ AICRR> LA OR<BICRR . IR> (B67)
4 4 6 6
Side force
aqQo
Yy = —“;i- YcRrF Q2 (B68)

Horizontal-force coefficient

MROR
Heog = TeRA B69
CR = TCRAIR + 2ag (B69)
Horizontal force
a.
Hy = _2_0 HCRF g2 (B70)
Torque coefficient
SrH , BICRRAIR _ 3 2 ArcrrBrr (BIR)? (AOR)Z]
QCr = LR\MR Zag 16 160 YTUue T TTig T g ]

N KR<BICRR i AIR> _AORAICRR , AORBIR\ , 5H _9ORMR _OT'R _ BICRRAIR

4 2 6 3 dag 3 4 8
2 2 2
, AIcrRRBIR _ MR)” (Am)” (BR) B7)
8 2 8 8
Torque required
_ aso 2
QAEROR = —5- QCrRFH?"RB (B72)
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Longitudinal hub moment

egbg 2
MpR = 5> Mw2’AR

Lateral hub moment

egbg
HR = 3 Mw22BIR

VII Fuselage Forces and Moments

Vertical velocity with downwash

Wrys = W + [(xF “Af) + (R - xh)} QRp

, 51/2
Drys1 = [U + (Wryus) }

1/2
Dgys?2 = (Uz + Vz)

Fuselage angle of attack

Wrus
sin ag ¢ = ¢ DFUS1

0

D
COS Qfyg = FUS1

W
LT

Ofys =

60

(Drys1 * 0)

(Drys1 = 0)

(Drus1 * 0)

Hi
£

(DFus1

(DFys1 # 0)

I
=)
S

(DFys1

(B73)

(B74)

(B75)

(B76)

(B77)

(B78)

(B79)

(B80)
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Fuselage angle of sideslip
\'4
DF S # 0 i
sin Broe = Drus2 (Prusz = 0 (B81)
fus ~
0 (Drus2 = 0)
5 U (Drusz # 0)
cos Bgyg = FUS2 (B82)
1 (DFus2 = 0)
-1V
tan 1(5) (Drysz # 0)
Btus = (B83)
0 (Drus2 = 0)
Dynamic pressure
_1 (2, v2 2
Qppres = 3 #(U% + V2 + Wiyg) (B84)
Fuselage forces
-CFEQDPRES (Uz0
Xfus = (B85)
CFEQDPRES (U <0)

where the flat-plate drag of the fuselage (Cyg) is found from figure B3 as a function of the
angles of attack and sideslip.

Yus = -CygQDPRES sin Biyg (B86)
Zfus = -CLoQDPRES sin afyg (B87)
Fuselage moments

Lrus = -CLEQDPRES Sin Bfus|cos Btus| (1 - |sin @ty I) (B88)
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Mpys = CMeQ@DPRES Sin Ofyg COS Ufyg

(B89)

Nyrys = -CNGQDPRES Sin Bfug €08 Brys(0.94 sin agyg + 0.342 cos apyg) (B90)

5 pr—
T
_ 0
Opyg = O
3 b=
g
o
o = =20
% fus
fr,
o
2 =
_ o)
ufus = 20
1
(Ol B
| | | l 1
-20 -10 0 10 20
Sideslip angle, Bfus’ deg

Figure B3.- Flat-plate drag area of fuselage as a function of angle of attack
and sideslip angle.

VIII Total System Forces and Moments

Define the following:

Cpp = sin Bf

CFZ cos B:'F
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Cpgg = sinip (B91c)
Cpg4 = cos ip (B91d)
Cri = sin B8R (B91e)
CRrg = cos BR (B91f)
Crs = sin ig (B91g)
CRr4 = cos ip (B91h)

Total forces

F)g Xtus -CroCrs  -CpiCr4 CFB] Hg
Fy) = (Yrusy +| -Cr1 Cra 0 ¢ ¥
Fg Zus -CyoCpg  -CriCr3  -Cr4| [Tt

-Cr2Cr4 CriCr4 CRr3 IHr

0 [{Y, (B92)

+| -Cri1 -Cra
-Cr2CR3  CRiCr3 -Cr4 ITr
Moments resulting from rotor forces

Lp = h¢ (-Cp1Hi + CpgYs) - hy(Cr1Hy + CR2YY) (B93)

Mp = Hf(CFaCF4hs + CFaCrsls) + Hr(CR2CR4by - CR2CR3y) + Y£(Cr1Cr4hs + CF1CF3lt)

+ Yr(-CR1CRrahy + CR1CR3Ir) + Tt (-Cr3ht + Crals) + Tr(-Cr3hy - Cr4ly)  (B94)

Np = %(-Cy1H; + CraYs) + 1 (Cr1Hr + CR2Yy) (B95)
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Total moments

Lrus
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Lp CraCr4 -CriCr4

Mpysy + (Mpy + | Cri

Nrus

-Cr2Cr4
-Cr1

-Cr2CRs

Cr2

Np CroCr3z -CriCrs

-Cri1Cpr4
Cr2

-CrR1CR3

Cr3 LHR
0 Myr

-CR4| |QAEROR

-CF3

0

Cra

LyF
Myp

QAEROF

(B96)
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CONSTANTS FOR CH-47B

Constants used in this report are for the center of gravity of the vehicle located at

fuselage station line 338 (0.1778 m) aft and at water line 18.7 (1.309 m).
of these constants are as follows:

AICFDR = 125 deg/m (3.18 deg/in.)
AICRDR = 125 deg/m (3.18 deg/in.)
Arcrps = 75.2 deg/m (1.91 deg/in.)
AjCcRrDSs = -75.2 deg/m (-1.91 deg/in.)
ag = 5.75

bg =3

CLq = 32.5 m2/rad (350 ft2/rad)

Cy,p = 6.57 m3/rad (232 it3/rad)

Cpme = 142 m3/rad (5000 £t3/rad)
Cnp = 51.5 m3 /rad (1820 ft3/rad)

Cyp = 43.4 m2/rad (467 ft2/rad)

eg = 0.203 m (0.667 ft)

hy = 2.093 m (6.867 ft)

=
L]
[

= 3.527 m (11.57 ft)

Numerical values
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Ixx = 50 386.3 kg-m2 (37 163 slug-ft2)
Iyy = 273 536 kg-m2 (201 750 slug-ft2)
Iz = 257 685 kg-m?2 (190 059 slug-ft2)
Ixz = 19 838.3 kg-m2 (14 632 slug-ft2)
if = 9.00

ip = 4.00

It = 6.425 m (21.08 ft)

Iy = 5.450 m (17.88 ft)

My = 510.2 kg-m (114.7 slug-ft)

m = 14 968.6 kg (1 025.67 slug)

Rp = 9.144 m (30 ft)

Y = 8.26

8o = 0.0094
OFpB = 24.2 deg/m (0.615 deg/in.)
ORDB = -24.2 deg/m (-0.615 deg/in.)
OFDC = 73.4 deg/m (1.864 deg/in.)

ORDC = 73.4 deg/m (1.864 deg/in.)
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6T = -9.140

O1F = 7.850

6TR = 7.850

©
1]

1.227 kg/m3 (0.00238 slug/ft3)

0.067

Q
I}

Qo = 24 rad/sec
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LINEAR PERTURBATION MODEL

This appendix presents the development of the linear perturbation model in both the
coupled and uncoupled forms. For completeness, details are included which show the re-
lationship of the nonlinear model and the perturbation linear model, the method of handling
a general trim condition (nonstatic trim conditions), and the assumption required to arrive
at the coupled and uncoupled models used in this report.

A nonlinear model of a vehicle can be considered as a transformation of the vehicle
state S.(T and control ET into forces FT and moments MT applied to the vehicle
(fig. D1(a)); that is,

Fr = f;(XT,57)
(D1)

My = f3(Xr,37)
An equivalent representation of the vehicle motions, which is more convenient for
control system design, is to have as outputs the rate of change of the state variables (see
fig. D1(b)). The general nonlinear representation is

Xop = 1%, 5) (D2)

The transformation between equations (D1) and (D2) is given in reference 7. It is possible
to represent equation (D2) by a series expanded about a nominal condition ()-ZN, gN) as

Xp= XN+ of (f(T - §N> + ot (_’T - _’N) + Higher order terms (D3)
Xple = 0|
TR =X T X=Xy

If the perturbations (fig. D1(c))

Xp = X - Xy (D4)
and
§p=0p - By (D5)
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X7 Fr
Nonlinear
- model L e
Sep M.

Xr — S(,
. T
Nonlinear o
- model
Op

Linear model

(c) Angular and linear acceleration output of linear model.

Figure D1.- Nonlinear and linear representation of vehicle dynamics.

are sufficiently small, equation (D3) can be represented by

Xr = Xy + [A]Xp + [BISp (D6)
where

[a] =& (D7)
X1=XN
op=0n

[B] = 2L (D8)
X1=XN
op=0n
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In this report the state vector is defined by

i
I

(D9)

¢

where VB =(U, V, W)T  is the vehicle linear velocity expressed in body coordinates,
§B = (P, Q, R)T is the vehicle body rate expressed in body coordinates, and 8 and ¢
are the vehicle pitch and roll angles. The control vector 5 s given by

F(SBW

5 = (D10)

where 0p is differential collective stick, 6c is collective stick, 0g is cyclic stick,
and OR is differential cyclic stick.

The nominal values Xy, On and the coefficient matrices [A], [B] are functions of
the flight condition. This report considers nonaccelerating and nonrotating flight paths,

i.e., )—ZN = 0, for which the nominal state is given by

Xy = (D11)

For this condition, equation (D6) is given by
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Pp
Qp

Rp

bp

y
|

Xy Xy Xw Xp (XQ ) XR
™ ™ Y ™ m Yy m VN
Y
Yy Yy Yw (& . WN> Yo <XB ] UN)
m m m m m m
Zy Zy Zw Zp (Z_Q \U ) Zgr
m m m m m N m
Lly LNg\ MLy INv\ Mlw INw\ (Dlp 13NP> <11LQ ,13NQ)  /Lilr  I3NR
Ixx Izz Ixx Izz Ixx Izz Ixx Izz Ixx Izz Ixx Izz
My My My Mp Mg Mg
Iyy Iyy Iyy Iyy Iyy Iyy
Ioly  IiNy Ly  LNy| (Tlw LNw\ (Lp INp\ (hlq TNg) (LLr LNg
Ixx Izz Ixx Izz Ixx  Izz Ixx Izg Ixx 1Izz Ixx Izz
0 0 0 0 cos ¢ -sin ¢
0 0 0 1

-sin ¢y tan 8y

cos ¢y tan Oy

-g cos Oy

-g sin 8y sin ¢

-g cos O

Up

g cos ¢y cos ON|| Vp

Wwp

Pp

Qp

Rp

-

<6P

<l>pi

-

d XIaNd#ddV
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m
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3|5 3

N
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m

<11L<sB \ 13N53> (11145C , 1%
+

11L5 I3N5 IlL5 I3N5 |
C> ( S . S R, R| [0c.p

Ixx  Izg Ixx Izz Ixx Izz Ixkx Izz
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0 0 0 0
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Ixxlzy - IxXz Ixxlzyz - Ixz Ixxlzz - Ixz

(D12)
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Equation (D12) represents the coupled motion of the longitudinal variables (U, W,

Q, 0) and the lateral variables (R, P, V, o).

Coupling refers to the fact that pertur-

bations in longitudinal variables affect the rate of change of lateral variables and vice

versa.

For many vehicles this coupling is not strong enough to influence the motion of

the vehicle. For these cases the cross derivatives and ¢) are assumed equal to zero,

and the set of eight coupled equations can be written as two sets of four equations each.

The longitudinal equations are

- -

I
X X
- U w o (%Q
Upl 1w ™ <“nT - WN)
: Zy Zw 2Q
VP m m <UN *m,
Wy Ty Ty
vy Iyy YY
bpl | O 0 1
and the lateral equations are
[, ] [/qLp IsN
by <1_13 , _3__2> 0
Ixx Izz
(2)P 1 0
. |~ |/IgLp I4N
Rp ( olp 11 P> 0
Ixx Izz
VPJ (WN + Tn—> g cos On

X5 Xs
-gcosON||Up| |7 -
4 VA

o} 0
g sin N |[Wp| |2 o

+

M M
o llap| B
Iyy  Tyy

0 0p 0 0

Ixx Izz Ixx Izz

tan QN 0

<11LR . I3NR> <11LV . I3NV>

Ixx Igz Ixx Izg
YR Yy
(Tn— - UN> =

74

I,N
R, 6R> oR,P

<12LR . IlNR> <12LV . IlNV>

(D13)

(D14)
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TRIM AND DERIVATIVE DATA

A complete set of trims and derivatives are shown in tables E1 and E2 for sea-level
conditions and for the flight envelope -40 = X = 160 knots and -10.16 = Z = 10.16 m/sec
(£2000 ft/min). The trims and derivatives are given in the International System of Units
(SI) in table E1 and in the U.S. Customary Units in table E2. These data are based upon
a center of gravity of 0.1778 m (7 in,) aft of the vehicle reference point. All of the force
derivatives are normalized by m, the rolling moments by Ixy, the pitching moments by
Iyy, and the yawing moments by Iy». Values for m, Ixx, Iyy, and Iyy are given
in appendix C.
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TABLE E1.- STABILITY DERIVATIVES AND TRIMS IN SI UNITS

(a) Z=-10.16 m/sec

Value of parameter at X, knots, of
it sl — s el it e
Un 40 T 20 T 40 60 80 120 140 160

XU7% TT/SEE *‘—“ﬁ|i'+*—_‘ T =ombra [ «,02032 ] =, 0?8594 =.08059 %‘.,oulm -, 08742] =,05539
Xv/H Y /SEC EOREE T L09568 0121 0002 «,10079) «,r0162] <, 00298 .,00477| 00513
X /™ 1/8FC ., 7548 WPUBAR CN3IRTH JN3199 L 02074 JONTAN LN0789 .00078 -,02732
XOR/M 4/SFCP-l JOVOR J014RT JO1500 JN1620 WN179Y P190p L,01482 L01011 200564
XAC /™ /SR ERal REI LOHTOR JOAL0Y L0524 JN0u3y -, 02970 «,03572 -, 05857 -, 13284
XNS /4 MySEC el -, ik =, A0n0rp -, pannd l =,09003 nyan2 -, 00001 -,00001 L 000006 £00009
ADR /™ wISFL 2=l 2 m-,h TR - ,hnnry CGDLE TS -, 00024 - ANN0S w0006 -, 00005 -, 00004 -, 00004
Xp /o “/SFC S92k -, 1799 ~.00252 | . nip20 ,hn1e9 LN023%1 L00278 L00309 00463
xQ/™ “/SFC JTRYST LY JTI2I5 | The%4 77209 7958 L87197 96536 1,10221
AR/ ALY EPGEER R - 01288 ~,01370 , e ,01R22 -, 02308 -, 02841 -,03077 -, 03737 -, 05997
Yys™ 1786 ¢C -t s W 118 L00001 Lunka $NGNST L0090 L00101 ,00096 +0005%59
Yy/m 1/5F 0 - 1 1Rk EPRER TN -, 09535 ! -, 03055 w“, 10600 ., 12218 -, 13994 -, 16058 - 48770
Yw/m 1/SEL RN LT L00582 i 00530 00827 ,00536 L00493 L0043y 00217
¥R/~ v/SFCPar™ NEEEY! SRR 00353 { N330 00220 LELRT -, 00323 e 008951 o, 01821
¥oc/~ M/SEC Pl s PSR L1n3a JPIMM2 | 01040 201055 L0111y L1158 L01180 ] NDBTY
¥Ynsg/m AISFCP=l v REE LY BEITL] J14012 JIun7u 10245 L1452y J14R04 15221 216207
YRR/~ v JSEF2al = alnty e 00ThY | wlANRT) | «,003K0 4, 00269 e, AN1bA 00314 L00834,  ,01394
My wrgkr TS S.25198 1 =, 29760 | 4 34275]  4,30790) =, 3uR4Rl o, 11788 <,27377  .,22030
LY s/S5C - r 2182 JNNRRR JN1063 026200 NYTEN NT6Un L1715 L1772%) 26581
YR/H “/SFC -, "4V 3 -, 02582 = 03190 & 03623 ., N3820 -,ﬂl“ﬂif -, 04011 -, 00043,  «,04252
ZusM WAL IRV -, 1960 ~,N5338 -l0satal <,n2517 -« 7304 00183 02673 03788
v/ 175k1 | ometenes | Lorean =156 =, 00109, 0022 NLERRY- L00174 .00206, £00555
Zusm WAL . m 51 n = 456A5 | = BUd14bh | e, A1615] «,8BNIAL  a TIUTY -, 71791 66132 =,58574
2R /Y RVATS PPl ; Y R Lr1509 NPT7T LN 03903 ,n389n N3301 .01970\ 06195
e /M N/SECIart | et rRuak o =1,1650%3 | =1, 10TRA a1 (19684, =1,29057] a1 JRLGAI < 37363 oy 24820 «1,09836
08/ vsskc2=re | T PRIEY L0043 00065, RLLLE A JNnnse 00097 00108 L00145
7RR/% EVAS N - TN ol | T BT -, rhany -, 0004 -, NNAN0Q! EYR LB RS -, 001U -, NON/0Q .‘ooo]}i -, 00033
2P /™ “/8FC | earsean | AR 00735 Lnausql JHLL02 Jnaanal ,n2sn2l 03473, L04311
29/4 </SFr [ X TR L RELLYY Lhn7e3 -, P1ANQ JN63TY ,0TAR13 09258 -,07103
ZR/M wISFr 2hIR2 i 28609 ., 24196 - PORUP -, 21137 ., 21852 -, 22176 =,2%920
LU/IxyY 1/SEC =" ., AR -,0 119 -, 00087 - 00013 Jnr59 LON03A 00078 .00119
Lv/sIxx 1/5FC=" E - ] -, fP%un ERGE-ETE w, 02081 ] = n258% -, 2818 -,03199; «,03906
LW/IXX t/SFfw” RO B S0 7R 00229 | ML Y 372 JANUS2 .00573[ ,00604
LOB/IXX | 1/SFC2aC~ . N154R CPLEREY ~.N19725 =,"NANS -,nn913 -, N1259 “,01R90: «,0297

LDC/IXX 1/SEC el - Nrisa - " T34 - MITEY ., 0r794Y EULEL A a, 00710 .‘onsoq; -, 00609
LPS/TIXY | 1/78FC2wC" W TATRA LI0u9n 15399 | 16592 RELLANY o 16985 17266 18019
LoR/sIxx | 1/8FC2=C~ mockrra ) - 0580% =, 05194 «.f5273 &, 05PAS! =, 040R4| o, 00696] =,04573
LP/IXX 1/8FC SSTaR =,51926 | =, 54927 - 57182 &,57709 - 5h33A]  «, 52059 -, 46679, =,39543%
VA% 31 1750 W15 1 ) ,|5|bst 109A1 ,n9n77! + 08740 L1035 L5124 L37750! +24050
LR/IXX 17860 = "350Y | merdnuy ' e n3T789, L,036817 . N3692 -, N3457 -, 02936 =,02151
MU/ZTYY 1 /80 AL PLEE SR «,NIThS  «,9NTkP =.18966) <, 00775 «, 00531 = 00781
vV /TIYY 1 /RET R -, fNRLD . 0250 LY.L LN32n, LONSAR .00773l 00992
MWATYY |V /SERa- EREFL Y JO9RT YIS L0n7H9 .N5184, RYLLYY L0un37 203509
MDAZTYY |1 /GECRar | ke Jur2a L 15433 16326 L7182 RYYLL 14786 12297
WDC/TYY [ 1/SEE a0~ a P)18L l L1TRY LOURKA, WNRTT3 LNRSHY, Jh222 L 06228 ,0300A
MDS/IYY [ 1/SFr2ace et = ooy ., 000020 a P03 =, 00000, e, nn0Nd 00004, =,00003
MOR/ZTYY | 1288CPal~ [ - B0 e o= 0eS -, NNOuR’ -, N0NUR -, NPNRT a,f0N6N =, 0NNBU  w,00085
MP/IYY 1/SFC NExaY) | -, H5R13 . = n3AN =, 01752, «,N0516 _ononn/ LN1514 ,021731 202788
MR/IYY 1758 C .1 52 1nk | =1.33397  =1,52040 «1,A3108; ~1,70365] «1,759387, «1,65610 1,46228  «1,23556
MR/IYY (X - AT DR Y -, P1362 EIR LT Y- - PLIRA »,N0N608 -, 00152 00451
NI/TZZ 1/SFCav 97 ] PLEFS T LO0tab o engry JNDAET L0enT2 L00ndR 00083
NV/1ZZ 1/SEC= LT} ,hu9y LN0tal LDINRUT a,00026 ., ANN68 -, 0121 LLERE]
yw/172 1/S¢Cmv MR Wi LO012R NNE22 LNO0BT, -, "0NNA -, 0103 -,00377 w, 05524
NDR/TZ2 [ 1/S5FCReC NOERF20 ,nasus\ L2383 ; ."zzuql L2270 L023un JN2UBR 03215
NDC/1Z7 [ 1/SEC2eC -, TTLAY [ r el I «ND385 | FLIC L L00580 JNOB2T L0399 -,01258
NDS/TZ27 | V/SFC2eC~ L - 2] L00ung I LT R WNLUUA ,N0u76 LNOSBU «~0n8BuU7
NAR/T7Z | 1 /SFCRC ° JAPR? S ay LLEE .ﬂﬁaaﬂl 08226 LNASRT L 08562 ,0938A
NP/T122 1/S5FC SR -, P1Nay -, 02754 | «,n3137 w, U039 v, 05300 -, 07687 - 10998
NQR/I7Z 1/StC -, 21913 =.23245 -, 21888 -, 20645 ., 19817 -, 19461 ., 17704 -, 1583%
NR/12Z L/SEC -, NuiAR - 0naty =, "uhh1 Nuphn -, GlT3h ! . NUALR -, 05025 -, n5339 -, 05960 -, 08899
oB c* -, un739 PRUS RN ., 62474 HEOTT N e 90896 i -, 46995 WP3974 1,02924 1.,69N96 3.41746
neC LS TU Y IRT | Ja, T8 176 1 1d,98655 | 1d 43157 | 13,87639 |1l.§922u 13,73655| 14,42087| 15,52704 17,4614 20,83610
ns 25 AT NLPERE) JATany RIFAY) L 75587 72156 LBRYTL ,65129 L6723 ,76897 97148
DR c a0 W lhet J1ERTE =" 5330 =,22t40 -, 47687 «, 79275 =1,16655) 1,61519] «2,1841%) »3,07758
THEN G, a ninga 7,G~TAR A, h19aR 9, 312uR 4, n2ath 2.59770 LA1RTe = ,R7356) =1,33030] =2, 40688 =6,17521
PHIN a5, « 53Rk [ e Bnuu0 [ = aRTun =, STIRA | e,54R15 | a,52384] < ,51905 a 53071 56499 N, 62282 «,70425

| I S
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APPENDIX E

TABLE E1.- Continued

(b) Z = -7.62m/sec

Value of parameter at X, knots, of
Param- Unit .
eter -40 -20 0 20 40 60 80 100 140 160

Xu/™ 1/3EC =,05933 | o, 00387 | «_n2686 | =,01356] «,01818 | &,024G7| =,02928| a.03329 . 04612[ =,0538%
Xv/M 1/SEC e, 00118 [ a,0074 -, 00238 00300 J0006D | =,n0015| e,00064] =,00126 -, 00179 0591
AW /M 1/5€C L7110 W05143 08213 .0392% L03884 .03340 L02740 L01158 L0033t e 01981
XDB/M M7SEC2=C 01934 N16T2 L01510 J014480 L.01453 01599 L0178S 201914 01039 200775
XDC/™ M/SEC2=CM 19172 215236 11679 L08634 LNe2u0 L,03930 N110b -, 02022 ., 04592 -, 11329
ADY /M w/SEC2wCM = 00011 - nn0nm | =,40006 | =,00004 | =,00003 | w~,00002] =,0n002] «,0000% e, 00001 00008
ADR/™ “rSECEmCY =, 00007 [ =, 00005 [ =,00004 | «,0000%| =,00005 | w»,00r03| e,09003| we,00004 »,00003| w=,0000%
XpsM “/SEC 02092 019958 L0589 | =, 006251 =,00149 SR0010 ,000995 J00190 L00271 .00488
xQ /™ “/SEC 73977 L78933 L79333 77644 JTeUL2 .75377 75361 77163 92910 1,08199
XAR/M M/SEC = N6H1Y | = 06060 =,03412 | =,00550 | =,00756 | «,01297] ©,01772| =,02228 ., 029421 =, 04769
Yu/™ 1/SEC «,"N169 | «,n0245 | =, n0nB7 JN0t0g JNnas2 .0002¢ 00048 00079 ,0010¢ 00087 00084
YV 1/8EC - 14873 . 16982 | a 13168 | 08753 | =, 0B8804] «,10083] o,11743 »,13536] «,15579] e,18138
¥Yr/u 1/SEC .00330 .20403% L004un L00478 .00467 L00487 (00464 .00504 L0037y | .00331
YDB/M M/SECR=CH -, 000RN 00170 .00314 L00429 | _aouo7 ,00294 .00119] »,00165| w,00760i =,0147%
YDC /™ M/BELRwCM 00014 LT . 10954 00938,  ,00918 .00916 00963 L01084 .00999 +00960
YDS/™ “/5EC2mC™ LJu19n Jqurne 13991 J13863 0 13894 4024 L1u2u8 L1uu69 BNELIY . 18697
YOR/™ “/9FCPalM =, N11RQ =,n04K08 -, 00388 | = 00325, «,F0363, =,q0406] «,N0880 L,00807S! 00837 01001
AT A “/SEC e, 37558 =,29619 -, 3120R «,36558 | ., 40430 -, 43944 ~,128% *, 38297 w, 33250 e, 27528
Yas M/SEC -, 1193 -, 00278 L001RS L0394 | 01955 L04312 06976 L10004 16326 23488
YR/M v/8EC -~ 03982 «n317H L =,03239 | = 03919 | «,04362! =, 04527| ~,04525 ,04510] «,04394, ,04369
U/ 1/SEC REIEX L03uby ~ NTUAG | = NKLEY |, =,04075| =,0274) ~.02259| =,00052 03022, 03086
2v/M 1/8FC «,NN716 LNNn89 400059 | =,00148 | ,000%1) L0000 00172 L0017% J00240, . 00256
2w/ t/SFC - UHTRS -, 38487 « 43138 =,5209% -, 60080, «,66904 «, 72574 e, 72914 v, 65092, =,81676
20R/m M/SEC2aCH -, N254t 00317 01629 .0309¢ ,OUO\Zf ,04280 Lnu22) 02933 ,0254% 02690
20C/™ M/GFC2aCM—| =t ,bR&] *1,000859 | al,02904 | =1,09026 ,16095| w1 ,27864| «1,37613] @1,40084] w1,2303%5| »$,18302
2p8/m M/SEC2=CM SO ORR 00050 L01044 L00040 . ,nnouxq L00046 ,00059 00068 00076 00118
2DR/™ M/SFLR2aCH Nnfng -, 00001 ~.00003 | =, AN0D8 | «,00D05} =,10010| «,00008] =,00002] o,00010; ,00681d
FLYL) “/3FC - 1 ThAN ., 11030 L1553 | =,00794  =,n0702 .00237 01234 .01842 ,02429  ,03256
20/M v/8FC 39178 15359 15028 =, 05816 | =,12570 -y 07740 aNN925 22471 L0516, «13783
ZR/M ~/SEC L2798% 0861 =eP6018 | = 26616 | «,23066] <,2034B| ~,19705) , 20261 w 19578| e,22072
Lu/Ixx 1/SECe~ =.tn172 -, 01181 -, 00099 | « 00057 | =,00031 L00003 200044 L00026 00084 .00114
Lv/txx 1/5FCe~ -~ 02264 I -,02282 | =,02232 | =, 62176 | -, 02193] «,02276| w,n2014] w, 02621 -, 02964 | «,03562
Lw/Ixx 1/SECam UGS 00153 LN018% L0026 | 00326 JODIBA JN0u02 .00529 ,oosssj 0069y
LDR/Txx | 1 /8FL2aCl™ -, 01573 - N1249 -, 00998 -, A0687 | =, 00559 -, N0549 ~,NNb3H -, 00893 ., 01542 02409
LDC/IXx | 1/SEC2~C™ « Nnur2 | =, 00542 | =, a0A36 | e, 0N6RT | = 00605 L 00693 «,0069R | +,00702] «,00578! 00493 |

LOS/IxXxX | 1/SEC2aC™ RLLLL W1bb12 J1b518 REELL J16281 16312 160425 «15609 J16738 L16964 217838
LOR/ZIXY } 1/SFC2=Cm -,"5919 -.05788 | alnb506 = 05282 | =, N5187  -,05229] «,0531f . 05343 -, 05066 «,04802( ,0d4690
LP/IXX 1/SEC - bunt2 | o 8933R -,56592 «,5683A | = 561679 =,53365;  a, k4013 -, 62600 -, SAS3A °,52%07, »,45372
LasIxx | 1/8EC Ttuare b Ly3Ass l T12918 135, L0ATES orae0i L7204 NIALY) L0973y L1u880, 20010
LR/ TXX 1/SEC . 0uPhAg “."3707 | =,n355¢% } « N3644 T =, NA158 ° = OULRT,  a, 04553 «, 04410 = 04110 4, 01%545,  ~,02700
My/sIYY 1/SECm™ JNDPAR LYY LAOAZTY LO0625 | = A0120 , =,N0B31] «,N1019 ., 00999 -, N0KA81 -, 00558 *, 00519
A173 821 1/SECa~ R LNATAR | e nnngd =.00692 1 = NDULA =, 0019 N006% WNN299, ,00540 L00669 ,00876
Mw/lvy 1/5FCan -, 02711 -, 06994 L01571 L02145 | (NSARS L 044587 L0u9513 $05227] JNS706 L0u%585 04878
MOB/IVY | 1/8FC2-CH L18558 13960 RE/ TR LI I UL N N L LES 16332 17213 ATITY RYTY T 13646
NDC/IYY [ 1/S5FCPal™ -, 01791 LGS Y] JAORSY L01661 | JNE109A | _nueﬁu‘ L.0596% 106690 L069%uB ,05%518 J0432%
MOS/TVY | 1 /SEC2aCu arneg P RLLY -,Arnnn‘ «,n000y © = AnARY 00001, e nNNR2] e, nNAN3, ., 00004] o,00003;, «,0000%
MOR/IVY | 1/SFCRPaC™ an1ru? | e nnran | o« nra3s ! -, n003n =, 18026 = 00026[ =, 00030 =,000%8[ o, A0002 a,0000%| «,00070
wP/LYY t/8FF MR LTE] Snu1en -,00249 | =.G4582 1 = n3770 . «,02255 -, N9y 200204 01100 01720 202440
Nastvy t/8EC 1 ,52562 | «1,38517 | «1,31090 | =} ,36209 | «1,517A1 «t 65613] =i 70786 | =1,75547| w1,74017| =¢,45782! wy,32729
MR/IYY 1/SEC -, 015109 WSOPPTA L e, 00330 =.01025 | = 01880 < 02036] =,01519( +,00863| «,00153 L0012 L0074
NU/1ZZ 1/8FCav L0007h 07158 JnI202 L00199 1 ,00127 | 00088 L00077 00068 ,00052 00016 =,00049
NV/122 1/8ECe™ -, 00590 P ERLY Y -, 00307 JOCRTY LNat27 Al019 w, 00048 =, 00094 -, 00152 .. 00193 -a00174
NW/122 1/SECw=n LN0137 N00QR L00105 00121 00109 LAY =, 00017 | w,N0088| =,n028¢ © 00709 «,01230
NDB/I1Z2 | 1/8EC2=CM L0215 02379 L02385 02314 LN2117 01989 01939 201980 02127 02358 02831
NDC/IZ2 [ 1/79EC2aCM -, 0nt84 -, 00L8T 00082 J0O1RY LDO31Y L,nnush «00549 J00612 N0489 .,0009S -, 00838
NDS/12Z | 1/5EC2aC™ LM0277 MLEEIT L0D373 PLLIBE NITES | L00619 L0043 W0043y ,0052% ,00630 00759
NOR/122 | 1/SEC2WC™ L0875 REIRT) .08135 08073 .n8007 L0802y 08097 ,N8227 081365 , 083747 209090
NP/122 1/8SFC 03068 J02154 .n0544 -, 01082 - 02067 -, 02700 «,0338% ., 04380 -, 06407 -,08988

NQ/122 1/SEC « 19053 | »,20835 | =,21438 | =,20859 ( = 19118 | «,17488| ,164813| »,15930] w,106900 »,13211

NR/1ZZ t/8EC -, Nu22R nui2A -, NUU32 | =, 0451} -, 04536 | = NaSR{ *, 06696 «,04939] ,05442] ,06299

0B (2] 12671 ., 2350uh - 65125 [ 1, 101R { =1, ,20uRS | = B234y -, 08636 76098 1,808680 1,98255

nt Cm 12,90367 | 13,71754 | 13,92011 | 13,559557 | 12,62809 | 12,19190] 12,29597( 12,91102] 13,951a1| 15,7848%

08 Cm bR0LT WSTH0TS 75980 JT6143 L68937 HU29A L60313 57233 L5B8704 L670656

R c L45753 L32828 J18113 J03914 -, 09058 ~,317R8 -, 60984 «,9484S0 =t , 33742 w=i,8271%

THEN DEG, 9,2603% | 7,92430 | 6,61524 | 5,34968 | o, 1am2 | 278578 1.17638| «,53930| «,92517| »1,90961( «S5,45690
PRIN DEG, a 4ATAY | e, 51R34 | «,S3A9A [ = 55965 e, 49431 e, U6426| ~,u5899| =,d7303| «,51179 «,57628| a,b6222
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Param- 5
eter Unit
XU/™ {75t¢
XV /M 1/SFC
X/ 1 /S5EC
XPB /v “/SFC2aCM
xpe/v /SErZarn
XDS /™ «/SECP-CY
XDR/™ M/SFCRPel™
XP /M “/SET
X3/ M/SEC
XR/H w/SEC
Yu/™ 1/8FC
YV/™ 1/SFC
Yu/m 1 /SFC
YOR/4 v“/SFCPeC™
¥ne /v “/SEL2el ™
YDS/v v/SFL2-C
YOR /™ ISEL2alY
YR/M “ISFC
YR /M m/SEC
YR/M “/SEC
pAVTL 1/78FC
IVrs 1/8EC
2asM 1/78FC
DR/ “/SEl 2l
I0C/m “/GFCPa(
n8sv “/SFCReC™
208/ /™ “/SFF2aC~
7P/M w/SFr
/v “w/SFC
ZR/M A/SEC
LUsIXX | /RFCamn
Lv/Ixx 1/8Ffa~
LW/ Txx 1/SFras
LNA/TxX [ 1/8FrpaCy
LOC/I¥x | 1/8€C2=Cn
LDS/IXX | 1/SFCPmC™
LDR/txx | 1/5FC2=C™
Le/Ixx 1/8EC
Las1xx 1/8EC
LR/7IXX 1/8FC
MUZTYY 1/SECa>
MV/TYY L/SFCmw
MA/TYY 1/8FCev
MDR/IYY | {/SECPaC™
MNC/TIYY | 1/SECReCY
MD8/IYY | 1 /SFrRary
MOR/TYY | 1/SFCPaC™
MP/IYY 1/S€EC
MR/TYY 1/5FC
MR/TYY 1/8EC
NUZ1ZZ V/SECan
NY/122 1/SEC="
N4/122 1/5ECe
NOB/YZZ | 1/5EC2-CH
NDC/1Z2 | 1/SFC2aC™
ND8/172 | 1/SFC2-C™
NDR/12Z | 1/SEC2uC¥
NP/1Z2 1/8FC
NQRs122 1/8FC
NR/12Z 1/8€C
08 (44
ne [
ns [
R (44
THEN NEG,
PHIN nFG,

~40
-, 068772
L
LORAL9
LY
LY
-0 7
. 000
OPu
PR ERER
- OMRThU
-.nt1te
«,)993R
RASEX!
- 02"
LOTRY
JNUrss
- 110A3
-, BUP5A
= 00 0E
- nT8T7
ECED
- 00722
-, 4h335
-, 12885

w1, 051729

LRy TS
AnnT
-, 10 3A7
REER R
37592
-, AN1SR
- 021707
SNTLHS
CR LY
=, 00351
L1653
«, 1580
-,69755
W13520
LIRS
LYY
LIS 51
LEYAL]
RN
- (1384
LAAnan
-, 0endy
N

=1.53243

-.ﬂ]ﬂu}
LY
e, N2543
‘F‘|3ﬂ
01828
- 0158
WJHOPTR
RELLT
2324
-, 16279
- Najny
L3028
11,72593
JBG43R
J2RU20
a.1r001
- 48595
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<Joaarz [T

=030
RREREY]
Wtea?
s1u9e3
=, 07 88T
= 0mneg
PN2IRS
W 7A3AD
-.Phu72
ERLEITY
=, 18570
LR F-L
-, 00y
Jhoney
LJiunan
-, ncREK
«, 37508
RO
- Nalan
I neRA
PRETEPY ]
-, 37172
-, N10QA
al ,0otay
Nz
ERTPY
-, 07023
L 15854
L31077
e, M V19
. NA1RD
NESEY]
PO EEYS ]
-.F‘SAZ
2145532
= NRT30
e,h3%05
W 1314R
-, 00472
AR IC T
WN0573
LFRARET
18759
N2t
= AN0An
[ERTPYS
205177
=i,337u4
PURELE
AR LY
-, 00959
J00RR
02112
“ DrOAR
038
LNE11S
201752
=, 18593
~ a2u9
WNURAR
12.6945%
Dhbud
23383
T.R6562
-, URTHhA

APPENDIX E

TABLE E1.- Continued

-, 0r1u9
RLTY

JALub6
RELSE
JNans
., nrAN2
PRI T
L9144
., N3ATY
PelLT:-1d
-, 15610

L0060Y
L 13529
LO0RRY
=, hinn0
-, n0022
-, 00231
«1,27220
~, 00458
00186
-, 00264
01095
02183
L0050
.ﬂﬁ}bﬂ
.08087
L0035
-, 19391
-, 04345
-, 6789%
17,96092
HAQRT
173067
k51257
-,51126

20

-,01009
00175
08759
Lf1393
«0RG5A

—.8nn2

a,f1an)

-, 0rukA
NAEEE)
W01683
00090

. 12%un
LTI
LT

LNOREY

L11R91

-, ffunk

“, 87074
-, rn277
-, 03ARD
-, "9572
ronRs
4ns 3R
N Tusg

-, 05480
-1,33496
=.01302
L06184
,00455
L0011
,02099
L00171
L03u1n
.NB8022
-,01103
- 18670
-, Nu3BY
-1,13A93
12,529R8
JAT398
L11039
5,39521
-,u9798

(¢) Z = -5.08 m/sec

Value of parameter at i{, knots, of

[

40

-, 01604
L00026
JN3ARG
JN1a05
J0h38)
J0nae2
LS
-, 00063

L7572

-, 00300

L00024
-,08054
LTS Y
L09514
L00B39
L1873

.02327
RETYY
NTT09
0032
49832
N3863
L7150
0020
NLLIL
N2608
,13957

LI

UL ES R
JNN8T72
0625

16177

L0375,
43333

.26321
Lanneh

-, N51R2

66429
YT
- rGRUY
-, NONBA
-, 00342

LOUZAT

14268

LN3275
-, n0001
-, N0014
-, N4SBA

-1,52199 !

= 01750 .

00108
L0013
.noo082
J01B&}
00305
L00411
«07930
-,01831
-, 16426
-, 04318
-1,76479
11,41022
.61908
05068
4,25894
-, 43906

l

60 80
%, 02307]  =,02808
- 0001y -, 00037
L 03084 02603
L1573 J017RY
LR LS N1783
- 000 -, 00001
- Nop0y =,000¢c2
07029 RELEF
LTuyuT 273600
-, NN06) -, N1295
00013 J0NN039
-, NB8301 v, 09629
00012 .N039y
L00080 L00347
.NN80N 00779
13730 BELEEY
«, 00455, =, 00584
-,4’h19 -, 89124
.N3825
-,N5261
-, 04789 -, 03020
JODYIDT JON20A
58473 =,65759
JougTa, L0ub98
=1,16389, =1,26538
06020, 00024
-, 00008« ,0NN03
e.n2036]  alnnesy
-,19959 -, 13884
-, 194un -, 18851
-, 039, PILELERY
= NANRTL = 02127
LN03AR2 0616
-,00320 -, 00305
-, NPROY ., 00587
J1h186 16268
-,0524R] ~,N5353
=,69571: =,70%23
RECLL JNUTT0
«, 05242 =,05304
-,N 948 =, 01100
- NN123, L00080
NU9TT: 05132
15350 16358
,NS5172 206201
-,00001 =, 00001
-, 00017 -, 00015
-, 02774 ~."1296
“1,64610] =1,71462
., 01806 «,01523
00082 .00076
00003 -, 00066
L00016] =,00035
201692 «NI608
.00405 00488
»00395 L00379
07928 +07974
w,02288 »,0276%S
~, 14334 =,12999
-, 04306 -, 04377
“1,21604 », 36594
10,84909; 10,86939
56903 52650
16101 -,43787
2,96632 1,42181
-, u0330 -,39769

PROFR COOVE THROIGH «4N, =20, +20 AND 440 VALUFS,

100

-, 03200
-,N0878
L1535
01930
.-, N1063
LLLE 3!
=,NN032
ONtE2
LTuRu0
=, 01677
L000718
-,11328
00199
L0172
CJONALY
13988
-, 00535
-, u8224
LN6503
-, 15174
-, N2241
RLLY-YE]
=, 71686
JNUSTY
wl,3662u
LNN034
-, 00004
LONUTy
-, NBUL
-, 1R470
LNOD27
=, 02252
00443
., 01379
-, 00590
16409
05405
-, ARAUN
05286
*,N5123
« 0tnat
00274,
L05304]
17258
06824
, A0NN0Y
-,n0621
=, 00160
«1,75868
w,N1128
WN0N69
=, 00120
-, 00087
£ 01622
200565
00388
+08071
», 03532
w, 12401
. 04566
48780
1141712
NLITYS
-,74712
-, 22319
., 41428

120

-, 03833

., 00138
,02025
01720

., 00611
-,00001
~,N0003
00198
L7945
., 01745
00094
-, 13147
00463
-, 00047
010067
R
. 00166
«, 44707
L09274
-, 05008
-, NN2B0
L00244
- Taugy
LN3110

-1,42338

J0n039

., 00001
N1tnse
L4322
-, 18294
LN0003
-, 024418
,00558
-, 00567
PILYPTY
L 18496
-, 05154
=, 04553
07124
-, 04777
», 00715
L00472
05808
217779
07619
-, 00002
-, 10025
L0717
-l,74931
-, 00415
00057
=,00182
-, 00218
01761
00536
+004686|
JOB1TY
-, 05220
e 11248
., 04979
1,1426%3

12,40784
251032

«1,08583

«,55312
-, 45802
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04501 «,05093
. 00267 =,00576
L01025] «,01344
.01105;  ,00828
«, 03192 »,09554
., 000011 ,0000%
« 00002, =,00003
00227 ,00337
L8941Y 1,00260
«,02253] «,08727
00084 200071
15165, =, 17610
,00338]  ,00238
., 00638 ,08247
L00892] 00842
14418 15206
00238 ! L,00681
«, 39057 «,32907
L1517 21097
. 06753,  =,04597
03274, 02714
L00281) 00464
».bUS64, =,64701
L02728, 04565
~1,22658! =1,21618
L00046(  ,00096
-, 00009  =,00028
LO1827, 03614
L01063,  «, 19385
es17223)  -i21324
,00033°  ,00065
«, 027501 =,03265
L00565: ,00554
=.01210)  -,01944
-, 00400 = 00483
Jle6720 17273
«.04914] -,00819
58229 «,50997
v12280l  L1e163
-, 04132} «,03328
-, 00551 «,00724
,00574 ,00810
04529 ,03672
L4885 14237
L05421 ,03725
. 00002, =,00001
-,00029| =,00056
L01310 02291
-l 45384 w1,08351
-,00077| =,00163
,00019] =,00031
., 00227 =,00224
-.00600, «,01016
L01968 ,02397
,ooooe, ., 00560
00557 L0067
L083u0 L,08802
-, 07347
-, 10165
-, 05676
1,6365¢
14,14285
.58274
«1,50138
-1,45296
»,52990 | =,62193
e . .
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eter

Xys#
Xv /M
XH/¥
XDB/M
DL /™
XD8/M
XDR /M
XP/4
XM
XR/M

AE A
yv/v
Y/
YDR/Y
yng/v
¥N§ /™
YOR/™
yYP /M
YR/
YR/™
Zusm
Iv/™
Iw/4
ZDR/™
Zpe /™
708/
INR/M
IP/M
Z/4
2R/M
LY/ TXx
Lv/Ixx
LW/ TXx
LDR/TXX
LNC/Ixx
L0S/Txx
LNR/T XX
LP/IXX
Lasrxx
LR/TXY
M LYY
MV/IYY
LEVARAS
MOR/TYY
MnC/Tvy
uns/1vyy
MOR/TYY
MP/IYY
MR/IYY
wR/IYY
NUs122
NV/122
NW/T122
NPB/YZZ
NDC/122
NDS/172
NOR/122
NP/1Z2
NQ/IZZ
NR/12Z
na

ocC

ns

DR

THEN
PHIN

» DERTVEND AV FITTI-G

Unit

1/8FC
V1 /8FTC
V/SET
V/SFRPal
M/SFC2wr
“/SECP=C™
M/SFC2er
v/SET
“ISFC
“/SEC
(WIS
1/SFC
1/5kC
A/SEC2aCl™
V/SFCP-C
CPLT X o
vISEEPC
~/SF(
“/SEC
v /SFC
1/8FC
V/SETL
t78FC

Lw/sEraar

A/SEPPal
SRECPAC
S /SECPSCH
n/SFE
Sr8kC
“/GFC
1/5kCm >
1/78FCw "
1/SEFm
L/SFCP=(~
1756 C2aC0"
1/78FC2CN
1/SFConC™
178FC
1/SEC
1/8FC
V18FCer
1/8FCar

1 /5FCan
1/86C2=C
1 /SECPwCt
1/5E72-C
1/SEC2aCY
1/88C
1/75€C
1/8FC
1/SECa™
1/SECav
1/SECe~
1/SEC2aC~
1/SEC2wCM
1/8EC2mCn
1/8EC2-C>
1/5EC
1/SEC
1/5FC

cw

APPENDIX E

TABLE E1,- Continued

(d) Z = -2.54 m/sec

*0
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.N3s89
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ELET NN
RITLL
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EETEA
AND SR
ENELE
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L0159
L0824k
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HOSLS
.’\‘/\ 14
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FOMERLY
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RCRETT]
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AGSaQ
LS g
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20 40 60 80
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-, nu2r -, 00422 -,N054b -, 0N683
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-, f0An FGRLYS B L LR -, 00002
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1h2§=| L1608 | 1ANTY WD16121
| =.0S1R0 =, 05271| «,05398
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.. 0120A -, 80205 ELLIEY ) LN0N90
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-, NNNAND -, 00001, -, 00000
-,n%00% e, 000021 e, A00Q0U

9,

-u0,

+ 04219 - N41te -, NU06H -, 04096
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Value of parameter at )'{, knots, of
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., 00013] «,00087
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=20, +20 AND sup vALUES,

100
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= 000014
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e, 04540

.87295
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w 00001
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-, 00621
., 00254
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00003
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2N0100
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L,00419
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L1673a
L00316
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- 04740
L01630
,00318
=,70849
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1,30750
,00071
-, 00012
,02583
L10619
-,19525
L,00057
-,03013
,00686
-, 01399

-, 08419
-, 08692
., 06183
2,09347

15,37478

61518

-1,7899%
4,205

-,58188

79




APPENDIX E

TABLE E1.- Continued

(e) 7 =0 m/sec

Value of parameter at X, knots, of

Param- Unit R R . - - N - .

eter -40 -20 *0 20 l 40 60 80 100 120 140 160

07 T7SFT EPGETLR X -, 02114 -, 00259 -, 011864 - 02006 €,02592 -, 02981 w0363 -, 04267 ., 04737
P2L 1/5¢C L2 | e nrs | e n0nRS | e evag| =, 6000 00014 ,0002¢ RLLES] 0001 -, 00020 =,00267
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¥ne /v S/SECPar FORLCE N . .n0s582 .90%502 £ 00505 L0068 ,01013] .01073
NS /™ “ISECPe 13807 . L 13439 L13427 «13UAS L1382 ,136591 10271
YOR /M S ISECDPab FOEET R . - NNH36 =, 00821 ., 00911 -, 0065 =, 00371, «,00052
YR/ “/8FC ! -,&7udﬂi . -,562035 -h3622 k2157 5758} -, S0U8S -, 43311
yasd M/SFC RRELLP . | L0004 ,03%240 L0616R L0823 12475 16819
YR/“ ~/SEC -,'*azw.! N .- - 06844 - 0hE2T, -, n629 «, 05622, «,04976
Turv 1/88C i RN K , =.158744] -, 02288 = 0033 L03061 ,0205%3
v/ Y/SET L ‘ . L00u25 RLEY L0043 00302, ,00355
7 V/SFC ERTE . - «,63URB[ = K99I = 7455 - 68261  =,70389
INRA /M V/SEFZLrs e 04T MUY «NE354] MU L007B0, «N3083
nem srskieete a1 Ty -t “1,25495( =1,3452% ~1,42729 w{,34721] wi,36395
NS/ T PR REEE - =.00004|  e,800002 =, 00009 00006] .00040
yne s “/SECRal ST L FGELEY. Lnono L.00Nn0Y -, 00008
P /™ +/SEC : .- TR «"3796 FLF-L3 L) Nn212 LN0923, «01968
70/% “/SEC | P850 - =, 26711 = IBASRL = 1268 ,zsva 05954
IR/ wggEr _;..7:.,.‘ , -y ¥l EPGELY T -, 0573 -, 08739 -, 16859
Lu/Ixx V/8FCa s l -."H"‘ - = DO00UA =, 00007 -, 0005 L,00012, 00031
Lv/Ixy 1/8FC e | = M1ER2 - -,N1849 =,01953 -, 0211 - 02379 ,02800
La/Ixx Y /SE - e P3h LYY RLLEYE JADSAT L00791" L,00704
LDRZIXY | 1/88CParw “ Nratay MR L0074 e 00030 »,00503%"

LDC/IXX | t/SFC2atn “ om0 2, - . 10317 -,0n31A, =, 0020 ,00088,

LOS/Txx | 1/5FC 20~ REEEER | L15980 REYEL LT, L6116,

LPR/TXX | 1 /SFCPar~ “ens7ea ] - -.05447)  -,05542 . 0534 v, 05153

LP /XX yr8ET -, 79R08 - = R2RbA[ =, R1192] - 73R -, 59295,

L3ZIxyY 1/8F 1 \ JIPR2 | « 00203 «0NBAY N22114 L0AT61,

LR/IXX 17870 =, LA [ = M6815]  =,06596) = 0618 -, 05353,
CaTYY 1/75FCm- . 5 - =.01329) =, 01183 =, 00918 &, 00295,

w/tYy 1/8F( e RERE LT - JNopan LA LT ,00482,

MAfTYY 1/5FC et - hua 7 .N5520 RULTIN L0532 ,061399

MDA/TYY | 1/SECPal R Ry REALTH L1827 L,16u23%

MAC/IYY [ 1/8FfPars | e, n1500 L0hAYO NT1kE NTELY ,08375;

MDS/TYY | 1/8FCP=r" EOLEY. RN Lana0y LABROD, o000 L ponng,

MOR/TYY 1/SFFPar -, 0 ‘Ql LN0NGG ,HMMI JA00N -, 09003

e sty $INFC REAAN! 22740, 01306 JNOAOK .N108 .0094s!

NQrTYY 1/8FC ~1,579°0 “1,6R1R3 a1 73681 «1,769HR =1,80477 =1,57954;

“R/1YY 1/5EC LIRS TATS L03267) R LULE YT YT L0002 00241

N/LZ? | 1/SECa- w7 . L09098; 60098 L AN0AT L00071 L00045,

NV/122 1/5EC=" =072 L = N0030]  e,00107] =, AN16R1 =,00238 =,00285)

w122 1/5ECm et | =efP119] e 001361 e,00140  «,00192 <, 00351,

NDR/I1Z2 | 1/5FC2=C™ NEXTE { ,nno7| 10945 L0903 01003 L01259;

NPC/122 | 1/SERRaC~ -.htias LW T 00267 00862 L 00434 L00306

NDS/IZZ | 1/8EC2e0" L I .no349; L0031 00294 L00348 004010,

NDR/T2Z | 1/5FC2CY LAT9RR I .A775% WATT4u N77T70 07804 ,07889!

NP/YZZ | 1/5EC ) 7an MBI r192y =.01042 ] e, 01663 =,01772] «,N2065 =, 03098 ouqr2

NR/127 1/5¥C -1 82581 = tunay 16872 e 11142 =,07923] = 760771 e, 0b316 =, N4U08 0474k

VR/122 1/8F¢C =, '495u | = ,ninan nu1as -.'\wvv| *,13912] =,03890] ~,03947 =,04173 ., 04588

LL 8 1,527a5 LYY . Pr128, =3,05239 | =2,11981{ <1,01549) =, 06276 60592 1,01690

ne c~ 9,336 | r KH23e2 | 11,2373 N, 65139 Q.ﬂﬁczk‘ B,212386 A,15312 R, 47287 9,19059 10,98348

ns [ Ju3T2 252454 LLYEL) «557uR LA9Rg L83328 « 38194 o 3uTAY . 36951 43802

nR cn -~ 11870 LY L145393 L3054 318281 JNub3U[ = 13126 e, u0124 =, 65258

THEN nF L, A ARG 7,7%ban 6,h1333 EOEREE 4, 41580 3,30a60 1.87u%6 35227 09997

PHIN nFf, « 42757 1 =, 61888 | =, 451881 =, 02196 =, 32665 | «,P785H[ =,27258] ,29476 =,35037 ., 43798

& DEQTIVEN uy FITTITHR A T4l S90F9 € quk T=0” 0 enh, =20, 420 A\D +uh val JFS,
80

T I [ E— = T 1T 1 =




Param-
eter

[ xus™
Xv/4

Xuw /™
XDB /™
XDC /M
X8 /M
XOR/M
XP /M
LYE!
XR/M
Y/
yYv/e
Yw/M
YNR/M
yne/sv
¥08 /M
YDR/
Ye/u
VA
YR/
2y
VM
Iw/sn

O LVA
InCm
2n8/v
PR/~
P/
Iarmm
ZR/™
LU/ZIXX
Lv/Ixx
La/Txx
LNAZT XX
LDC/Ixx
LN8/TxX
LOR/TXX
e/Ixx
LA71xx
LR/ZTXX
MilZTvy
MV/IYY
Ma/lvy
MDR/TYY
MRC/IvY
MDS/TYY
MDR/IVY
MP/lYY
vQ/IYY
MR/IYY
NU/s122
NV/122
NW/1Z2
NDA/1ZZ
NDC/1Z2
NDS/122
NDR/T122
NP/1Z2
NQ/LIZZ
NR/T1ZZ
08

ne

[o}-]

DR

THEN
PHIN

Unit

1/8EC
1/78FC
1/8EC
“/SEC2eC
M/SFCRmC™
“/SFL2aC
“/SECR=C™
M/SEC
M/SEC
M/SFC
1/5EC
1/8FC
1/S5FC
“ISECP=CH
“/RE(2eC
v/SECPmlr
“/§FLOml
w/SF
~/SFC
“ISET
1/8EC
1/78F¢C
1/SEC
“/SFCRaC
“/SFCP=C
#/RECP-C
V/SEC el
v/SEC
NISFC

v /SkC
t/SF(=~
1/8FCm"
t/SFFm™
1/SFCPaC™
1/SFr2atn
1/8KC2C
17560 2aru
1/9FC
1/SEC
1/8FC
1/SFCm™

1 /SECax
1/SFCax
1/8FC2=0~
V/RF (2™
1/78EE2C "
V/SFECReT >
1/8EC
1/8FC
L/SEC
1/8FFa>
1/SEC=*
1/8FCe
1/SEC2=C+
1/5£CPaC
1/75¢C2=C~
1/SFCP=C
1/8EC
1/SEC
1/75ErF

Cm

™

cr

e

NFG,

MG,

-40
-, 05099
-, 00027
6792
N21060
16964
- nrnny

napa
[RETS
K327
AT
AR

« DFRIVED AY FITTI<R Ao InTen

-20

-, 4422
=, U005
AY-LE]
L1557
14452
PRRLLEY
.f\(h!\e
w160
ATV
00P3T
-, 0115y
-, 17523
PLES-RY
-, A3
TR
13910
-, N"92A
-,H1913
JNPuMg
[T FTS

naung
-,129%984
=394
1,26420
9,99373
L4037
-a1397R
7.72R19R
-, 3R%aq

TABLE El.- Continued

0
,01857
00127
02894
L2309
L11248
wannng
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TABLE El.- Continued
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TABLE E1.- Continued

(h) Z =17.62 m/sec
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TABLE E1.- Concluded

(i) Z = 10.16 m/sec
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Zusm 1/SEC Lraee P1ARY | = 01RE3 | w, 21180 =,16494, -,03036) ~,01339
Vi 1/8FC LCran 06427 L10008 . 08775 00282 | 200037 00150
Za/M 1/8¢C =, 94518 -, 10912 L2341 *.15034 =, 61310 -, 69979 w, 73454
208/M “/SFC2alm = 112un | e, 0050 00732 L1566 10744 L07799 07469
20C/~ “/SEC2-C” «,75%: 2 -1,10527 ) =t ,02939 -, 79955 «1,16492] =1,277538!
205/¢ “/SEC2=C™ ERERLEN a 0fruR ] o nnnay | W, n00R8 ] ,80N03| o 000086
20R/™ ~/SEC2eC~ EPRRLTS ] N0A01 N0 0007 ,00000 L,N0005
P/M “/SEC JNTiS L75201 Luh299 ,10429 L HNO5A 03630
b4 Vil “/SEC -, 5707k L"5095 -,90408 LB1637 . 05257 ~. 03104
IR/M /8SEC =~,2092% | =1 ,0964% Ji0611 1,3599 266841 03111 NUTSS
LUIZIXx 1/8EC=~ =, 00108 =529 Lo018R WJ00724 =-,00242 -,00108 ., 00069
LY/IxXx 1/8EC=~ -~ 01317 w163 ., 1639 =, N1489 -, N1334 -,n1283 ~,N1353
LW/ Ixx 1/8ECan 00320 J0UnR JNOR20 L0105% .nneo71 JANTS0 1 00785
LOR/ZIXYX | 1/8FLC2=CH -, 01171 = 015985 -,N079% J00338 ,00901} JO0TAS 00687
LOC/IXX | 1/8ECPaC™ 211212 | w0864 1 =, 012351 -,08118 LH0508 L00387 S DOIAS
LOS/IXX | 1/78ECPaCH 1991 REVEF 16923 16205 .1sove| L5407 15310
LOR/ZIXX | 1/8EC2w0+ 09394 | ~,NS5AES | =,15596 -,05232 ; *,05685| «,05857
LP/Ixx 1/3EC -1,82597 wB5R2 -,78041 =1,03004  «1,0%668) «1,08656( =1,05662
Le/Ixx 1/5FC 9867 .158710 ,Nen28 05614, =,06492] =,06092| »,05097
LR/TxX 1/78EC ~,N9530 -, 0781y -, 05611 *,08980 ' -, 09798 -,09727 ~,00317
MU/IYY 1/8FCar -, 2500 ,N92%A L2110 0THYY L e, A23R6 0 = 01620 011281 < 0116
MY/ZIVY | 1/§FCan D0%T | e, 01987 RRLYET 2626 ©,00249 2, 0023R, .,00098 LN00UY)
MA/IYY | 1/5FCan 01793 | =, 06703 01947 L09800 02500 . 03300 03893 04393
MDB/IYY [ 1/5FCPaC™ 415313 s1145% L1015 .!ISBS' ,10017[ L,16038 L17014 L17916
unNC/IYY | 1/SEC2mC™ -, NATLT W N7215 JN0584 | -, 060291  AG9RB | nBbb67 LNA25A8 JNB184
MDS/TYY | 1/SFCPeC™ EMLEY B JHEDAY L e, ANA00 [ =, AN00F L0ang0 60000 NN000 L0000
MOR/IYY | 1/5FC2-C¥ RILAD ELITS L0026 00024 No6ne - anpnt! 00002 LTS
CLYASA] 1/5EC =,03520 | «,23178 1 =,030h6 18870 L0UBBR3 ) - 00245 ,00132 .D1223
“0/IYY 1/5EC e1,32511 | m1,72901 | =] ,BRT762 1 1, 77125 =1 ,34986 , oy S4299; «1,65381] e1,714S5S
MR/ZTYY | 1/SEC L 12571 L15217 23723 L2157 L02264  a,00272 L00033 00639
NY/Z1T2 1/S5EC =™ MRS - NN30 -, 00344 =, 00116 L00244 L01206 +00188 ,00168
NY/122 | 1/8EC=~ 00321 | «,"Tpy | e,00145 00489 00018 | »,00097] »,00189( «,00263
NW/122 | L/8ECe~ 00274 20273 L,00003 | ,00231| e,00121] =, 0n218] ,00272| w,00295
NDB/1ZZ | 1/5EC2aCH 00196 L01215 L 01591 J01271 L00206  » 00255, w,00514] «,50635
NDC/TZZ | 1/8EC2eCY LAr50Y EFLIS I ) - 00001 L0281 -, 00686 ., 00699 ., 00668 ., 005838
NDS/12Z | 1/SEC2aCH 00318 0287 L0N350 LC0398 L,00323 RLELT! L0016 ,00100
NDR/1ZZ | 1/8EC2=C™ JPTRI2 LOB0EN 08128 «07942 L075u3 07006 L0727 ,07180
NP/122 | L/SEC 02735 | e,0210y | «,00292] ©,01209] «,01058 | @, 00874] =,00548] a=,00338
N3/IZZ 1/8EC ., 01332 N 78rg -, 10614 e, 8390 -, 00766 L048696 SOTHYLY 085458
NR/12Z | 1/SEC w,13942 | a,00280 | =, 04631 | ,04567| =,03701 1 «,03287| =,0319 v, 03179
D8 ™ 3,6769% | 4,752uk | =1,11599 | =5 73442} 24, B6T14 | =2,B6325| e1,76608| ,97363
ne 44 u,16392 R,1B32n 9,47243 8,0nu37 3,75176 2,486548 2.19566 2,5013%0
ng [ 11044 31147 Lu5187 CJuubdy ,21139 L1063 ,05640 L0331
OR ™ 85248 | =,91782 20013 1,21735 LBu982 L 43699 L187170  =,00509
THEN NEG, A,2109A T,4438> 6,67385 5,h1325 4,93519 3,95243 2.,81267 1,56647]
PHIN DEG, “ 0ATBA [ o,30197 | «,3R87R| = 398H2| =, 05863 | =,n0881 ~.01180| w,05078

. L - L

— .
« DERIVED RY FITTYING & THIIN DRNER CoQvE TWRTI6M w4h, =20, 420 AND #40 vAL'IES,

49, =,03210

120

,00100
,0578Y
,0170%)
06119
200002
,00003

w, 00142
65019
«, 00178
200101
e, 11907
L0007
-,0025%
w, 00133
12275
-, 01691
-.,83647
10272
., 08774
201087
00342
-, 76482
SNT13Y

«1,38020

w,n0024
L00008
02818
-, 10414
08698
-, 00127
=~,01480
00818
200609
200452
+15131
», 05766
“,99569)
-,03411
-, 0888
“-,00902
L00148
04457
18834
L07568
o000y
L00016
SN1217
1,75958
+01297
L,00140
-, 00339
-, 00285
-, 00891
., 00406

,00098
L,07058
-, 00268]
. 08949
-,03253
e, 40221
3.29269

L,08130
«, 12178
1,51%39
e, 13047

140
-, 05842
,0023%
.06509
L,01854
,07798
,00004
.00003
-, 00128
L66098
-, 00322
00118
-, 13878
00245
-, 00456
L00378
L12132
-, 01674,
., 73768
J12%31)
07634,
L,03054;
L0489,
-, 73642
103026
.1,43782
», 00045
00004
02487,
~ 10010
L05478
-, 00109
01686
,0N924
L00387;
00712}
»15009
-, 05700]
-, 90851
., 00484
«, 07654
~,00552
N0243
206055
18712
,08740
00002
L00029)
L01119!
~1,75897!
00928
00518
«,00397
-, 00282,
-, 00342
-, 00093
L 00098
06978
-, 00357
L07960
-,03278
-, 09620
4, 72304
,17523
-, 27258
89782
-,25974

160
- BuSby
,00333




APPENDIX E

TABLE E2.- STABILITY DERIVATIVES AND TRIMS IN U.S, CUSTOMARY UNITS

(@) Z = -2000 ft/min

» DERIVED AY FITTING A THIRD ORDER

CURVE. THROUGH =40, =20, ¢20 AND #40 VALUES,

85

Value of parameter at X, knots, of
Param- Unit .
eter -40 -20 *Q 20 40 60 80 100 120 140 160
XU/M 1/9EC w,08118 o,04400 a,02842 e, 01680 =, 02032 - 02594 - 03089 = 03473 |. =, Bdide w QUTUR -, 05%39 |
| XY /M 1¥7 1.44 =, 00810 00564 «00121 =,00002 - 00079 -,00162 -, 00288 =, 00477 | =,00513
}4.74.) j 94114 07548 M ITLE] ;03871 <0319y ;02074 00780 +00789 +00078 | » 02732 1 _
XDB /M FT/8EC2wIN 15981 12388 12502 «13588 | ;14923 :15A33 12307 L08429 | _ o470y |
XDE/M FY/RECLIwIN 1.63Q81 12567 SORTY 29174 [A17.1.} w 2UTTQ e, 29768 » URADS =] ,10702
b4:1. 741 FT/3EC2eIN -, 00130 w 00051 =,000%7 - 00027 -, N0017 =,00006 =, 00007 00003 1 _ 00079 |
XDR/M FT/8EC2=1IN w, 00070 n, 00040 , 00034 =, 00037 a,00042 =,000%2 =, 00048 | =,00037 {
XP/M FT/8EC 2 DA%19 = 02621 =,0082% = 00064 00388 +00758 00911 01018 1 __, 01818 |
xQ/M FT/AEC 2,u9779 2,01302 | 2,56%08 | 2,%%394 | 2,51822 | 2,53310 | 2.61093] 2,86081 | 3,16720 0 3. eist19 | .
XR/M FT/8EC -, 23021 ©, 12090 | *, 00060 | =, 00496 | «,0%976 | «,07565 | «,09320 | e,10096 | =,12259 | = 1967%
YU/H 1/9EC =.00208 ., 0012% 00118 .00041 L000%4 0nns7 000890 L0010 00096 00059
YV/H 1/88C = 11964 a,1860% | w 10ldh | =, 00533 | =, 00455 | w, 10600 | = 12218 | «,13994|_ w,160%8 | =,18770 |
Yu/M 1/8EC TR I LYYTY. s00%00 +00532 +00S30 200827 +00538 —00493 | $00431 +00217
YDA/M FY/SEC2eIN £ 02942 02782 201832 200366 =, 02691 = 0T458 | =, 318472 1
YoG/m FY/SLC2mIN +ORKAT L OBHAS 08790 s09272 | L0%6ids 209834 . 07427
YDA/M FT/8EC2=1IN 1,14770 1,17280 1,18709 1,23038 1 1,23364 1.,26841 1.350%9
YDR/M FT/8EC2n1IN w 02271 »_.02240 = 02238 e 01386 | 02834 LILTL] 11619
YP/M FT/8EC ®, 97650 (@1 ,0917) | w1,1414) [ #1,12691 | wi, 06293 -, 0981% e,72210 1.
YO/H FY/SEC s 034848 +0AS96 216150 25064 J3436 ) . 58147 | 21209
YR/M FY/SEL w, 10487 ., 118487 w, 12534 ", 127138 213159 @,13265% | =,1395%
paTry | {/8EC =, 02308 +O01B3 02673 | 03788 [
IVIM 1/8EC +00112 «00174¢ «00208 +00555
2usM 1/88C . | | -.11_1_9_1__.*_1.1:_1_\2__[_;.555&__
2DB/M FT/SEC2=IN ., 18454 +324%8 +27%10 +1h013% Lo 3Ue8D | |
20L/M FT/3EL2=IN |=9,04134 wil 5413 ei], A0b% (wi10,40171 | =9,19297
2108/M |FTI/SEC2wmIN 200783 - «00749 _.0DA12 L00900 w0121% 1
|2DR/M FY/SEC2=IN .00082 *, 00119 w, 00078 v, 00108 v, 00223
0/ FT/8EC ., 18188 +065610 08210 +10083 +14145
10/ FY/ARL 20901 ] _ ,25632 30378 23303
ZR/M v, 69348 | £,71694] =,7275h | =,78478
LuZIxx +00018 200012 00024 00038
LVYZ1XXx », 00788 =, 00AS9. -, 00978 m 01190 | _
LW/1XX +00113 »00138 200178 +00184
LDB/ZIXX [1/9EC2=]N 1 »,02319 v, 03197 =, 04800 e 07846 |
LOE/ZIXX [1/8EC2elIN w.Ol168 =,02028 w 01804 o,01292 =, 01547
LDS/1XX [1/8SEC2mIN WHR2H42 42697 +43141 +438S7 245767 | _
LORZIXX |1/83EC2eIN, v, 19274 w,1342% w, 12660 11929 e, 11616
LP/IXX 1/80C «,59483 =, 56328 ., 82459 -, 46479 =,39543%
LQ/IXX 1/73EC «15014 10394 +13124 «177%0 224050
LR/ 1/78fF¢C =,03%913 ®, 03692 -,03457 ., 029506 -, 02151
HU/ZLYY 1/73€C=FT «00027 _ *,00295 ] _=,0023%6 “ 00162 | =,00338 |
My/IvYY 1/79EC=FTY 00220 «00099 400179 400236 200302
Mu/1YY 1/78ECeFY *,0070% $01571 01495 2QLATY 201069
MDB/IVY 1/8£L2«IN «372%6 JH3842 JH41832 +»3755% 31234
MDL/EYY 1/78€C2eIN w,03008 16718 15803 « 15819 W 0T7H4L
MDB/IYY |$1/8LL2=]N +00002 =,00010 ! =»,00010 =, 00010 =, 00007
MDR/LIYY |1/8EC2wIN m 00LH2 =, 00148 =,00152 ®,00142 ", 00218 |
MPALIYY 1/38C __ | L027% _ <00600 JO1534 4 L02173 4 -
MQZIYY jVi.114 J=1,527A8 v1,52040 . m1,75387 [ =1 65610 nl,dn228 | =1,23558
MRZIYY _ |1/8FC 01017 2, 004%H n 00908 | @,033h2 =, 01542 | =,01186 | = 00h0A| =,00382] _ 0DOIY | 00481 |
INUL2Z2Z. 1/78ECaFT 200030 < 000568 J0006S +00040 00031 00028 | ,00022 +00015 + 00005 =, 0002%
IMVZ122 1/5ELaFT 1 =400197 001310 #J00151 «D0043 «00010 =,00008. ., 00023 =,00037 =, 00047 = 000%4 |
NUVS824 1/5ECaFTY L00048 00035 200019 ~00037 « 00020 =, 00002 -,00034 =,00115 -, 00281 =, 00464 |
NDR/12Z {1/8EC2elIN T LY.V 9 08613 06460 « 06053 +05818 « 05747 $05%42 06320 +07025 | ,0A14S
NOC/I2Z |1/3EC2e]IN »,00419 00191 J00518 L _ 00902 . ,01239 01474 201892 «»01013 a, 00506 -
ND8/127 |1/8EL2a1N . ;00941 501078 01319 L01125 | oetaiel o482 017AS 02150
NDR/12Z [1/8EC2eiN +209RT | o20812 «206487 | <«208%6 | 204ub_|  ,Z20A9% « 24303 «23TWT 1 +22388 Aud . |
NPL122 17380 _ o037%0 | <0044 w,01049 -, 02254 =, 03137 2,04039. »,0%300 a,075687 n, 10728 =a 14998 |
NQR/IZZ |S/8EC_ . me 21913 e, 28712 w,2324h n, 21888 », 20645 n,19817 m,19Ub4 ] e, 17204 = i0lu3 [ = 1SA3S |
NR/IZZ |1/BEC », 04328 a, 04581 | m,00860 [ =,04738 | =,04848 | =,08025.| »,08339 ) a 08964 =,06983 | =,08899
1> ]. S IN . 3 m,1AU2% , 2U597 Juias =,38786 =, 18502 | 209439 | . ,4082% <66573 1 91708 | 1,34S46
Y4 IN . S,SAQA4 5, 88083 Ta0us |.S,um311 £,331683 S,u0B809 | S 67783 | | | a, 20349 |
7. IN — 4 430373 32868 232089 | 30341 . +2B40A +26919 +25759 2047y «3027%4 | _ 38246
DR N +24319 | 07438 | @ 01311 | w 08232 a,1877% | a,31210 | =, 45927 =,63890] =,8%990 |mi,2i184
THEN DEG, - e,41930 | b, 1948 S,302u8 4,02514 2,59770 L ,91870 | = ,A73Sh| =1,53030 ] w2,408B88 |ab,17%21
PHIN . lDEG, =,83694 1 0,56360 | @ 57188 | »,5381% | «,52384 | «,51905 | @, 53071 =,56499]| =,62282 | a, §



APPENDIX E

TABLE E2.- Continued
(b) Z = -1500 ft/min
Value of parameter at X, knots, of
Param- Unit ‘. - N
eter 40 | *0 20 40 60 80 100 120 140 160
FOYLE [1/SEC . »,05033 ., =,02684 LO01355 | n,01R18 | w,02447 7] m,02828 | =,03320 | 2,03977] w0612 | =, 05283
{Xv/M . l1/8EC 2, 00115 | 2,00711 | »,00238 <00340 | 00060 . | =,00015 | =,00064 | =,00126 ) ,00216] =,00379 | =,0059%
|XW/M  _ [1/8EC L07103 208143 04213 03923 | ,03R84 L0330 J02340 +01158 01419 00831 | =, 01981
XpR/M  _[FY/SEC2eIN | L1118 213934 J12584 41997 J12108 .1 ,1332% +1URTA ~15949 L13488 | L0BAS8 | 08487
|XpesM _ _[FT/8ECPeIN | 1,89771 1 [ 71960 | ,5199e | %2743 [ _,09215 } . 11508 | =, 38246 |
XD8/M  _[FT/SEC2eIN | »,00098 | »,00068 | 2,00048 | «,00034. | =,0002d | =,00018 | w,00013 ! «,00007 | =,00011; =,0000d ] ,L00044
M 2, 00026 | w,00023 | =»,0002% | =,00026 | =,00034 |. ,00035| =,00027 { =,00038
v, 02051 [ =,00u89 .00033 |  ,0081% L D0A2Y 00792 +DOBBA 01372
2,54639 | 2,50h96 | 2,47299 | 2,4Y24B | 2,53141 | 2,69970) 3,0482% | 3,u41859
2 01805 | #,03UB) , 04254 | »,0%814 | =,07309 | =,07686 ) =,096%51 | = 15647
1 _L,b0108 | _,@ne32 | .n002¢ | ,0004A | | __,00t01 [ __ ,00087 | _, 00084 |
@g13168 | »,08753_ | w, 08804 | =,10083 | «,11743 | =,135346 ) «,18579 , =,18139
L .00440 00478 | 00467 | . 00457 | _.00u44 ) ,00504] . (0037L.{ . 00331
. 402619 | . ,03577 03390 | . 02418 +00989 | »,01374 | w,0638% | »,12291
. 07988 LOTBL9 1 07649 7834 . 08027 ~09035 | . ,08328 | 07999
Y08 /M 1.18286 L1813 [ 1,17%16 .| 1,16595 | 1,15528 | 1,19787.] .1,16867 ] 1,18731 | 1,20878| 1,23445 | 1,30812
[YOR/M __ 4 [ ®e 0, 05071 | =,03216 | e,02712 | »,03021 & w,0338 =, 02918 | 006281 . ,04473 | -]
YPIM @) 23216 [=1,04ib64 ©,9717% [=1,02387 [@1,19941 =y 32643 | =1,37400 [ w»l, 15042-‘ e} ,25516 | =1,09089 »,90315
YQ/M 00608 +01291 [  0Adlg | 14187 L .22M9 .32821 +958582. ) L270589
YR/M »,12856 | =, 10311 | =, 14851 | e 1484% wi 14798 | < 14Q1B , w.14333
Zu/M w 0bUbYE ; = NUNTS | 2,02741 | =,02259, =,000%2 +03022 , _,03086
Zv/M =,00144 | »,0003) 00100 L00172 ,00175 00240 , ,00256
|Zu /M . _m,52091 .. = ADOAD | w6904 | =,T3S74 | =,72014) = h0092 | e bhi6Th
20B/M _ 25785 . 33436 |. .,359668 e35174 S2U44y .212111 22413
nesn «8,90%08 «9,08549 (29,8415% w10,85535 p11,46771 11, ,66779 910,25289 |»9,85A52
2D8/M . L00%86 .4 ,00479 00416 00369 L00330 . _,00342 ,_ ,00380 00490 r L00863 | . ,00632 | ,0098%
ZNR/M rr/af_nz-m L00029 , 00024 | =,00010 00028 | =,00035 . =,00041 ] =,00081 | «,00065| =,00013} =,00080 , =,00117
1ZP/M . FTI/SEC.. .._ | =,2519% v, 17114 | «,03379 205095 | =,02604 | =,02303 2007712 04047 06042 +07869 | L10683_
4 VAN [PY/SEC i 170, _ 25R884 | ,19081 , =,41239 2,25458 |  _,030%4.| 731221 _,t4933 . 45219 | .
ZR/M FT/8EC _ ,91806 | 92030 202824 ., 80673 =, 873524 ., 75678 e 00760 -, 06472 -, 84227 o, 72414
HusIXxx 1/3ECeEY “,00083 1 =,00061 -, 00049 =,00030 ., 00017 1= = Q0040 -+00001 00008 #00016 t- +00035
LYZIXX 1/3ECeFY -, Q0890 00701 “, 00696 =, 00680 e, 006063 A =,00669 ., 00694 «, 00738 -, 00799 =,00904 | =,01088
Lw/ZIxx L/79ECeFTY 200050 200046 £00047 +00058, 200080 00099 * 200112 »00123 +00161 #00189 4 00210
LOB/IXX [1/3EC2eIN -, 03817 ., 03620 *, 03173 02528 | «,01769 , e,01420 =,01394 =, 01617 =, 02269 =,03916 @ =,06119
DC/1xx Ji1/8EC2=IN 2, 01021 | ©.01376 | », 01616 | »,01764 | =,01766 | «,01759 | = 01773 | »,01782 | e, 08462 =,01252 | = 203 |
|1LDS/IXX J1/SECRwIN 2423018 242195 SH1950 [ 41644 L1353 [ _,u1431 s41720 42170 Lu2508 243089 1 L44800
ILDB/IXX |1/8EC2=IN _ | =,1%084 214626 ., 13985 e 13418 13174 | e,1328) -, 13489 »,13570 =, 12868 *,12197 211913
ILP/IXX t/SEC _ ] mabd632 .. 59328 ©, 56592 | «,56888 -, 60679 __ e,6336% v, 04013 »,02600 -,58538 ., 52507 v 45372
ILQ/IXX 1/8EC 10216 213825 +12938 »11315 £08715 : 07420 ] 207201 07733 09734 140880 220010
LRZIXX 1/8€C . =,00261 «03797 =, 03%59 “,03646 . =,00158 | -.0“457 «,04553 =, 04410 04110 *, 03545 -, 02700
IMU/TYY J1/8SECeFT | 1. _a00255 | _,00190 | =,00036 | =,002 l 0,00311 | =,00304 =,00208 | = =-,00158
IMY21YY 1/8EC=FT 00200 109216 =, 000086 =.00211 | »,00143 .00058 \ 200019 200091 $00165 200204 00267
IMW/ZIYY _[1/8ECeFT | =,00R26 =, 00303 00174 00654 | L,01184 I $01413 201510 201593 01739 01398 201487
MDA/IYY |1/BEC2=IN | ,38RS%Y +3548) 34973 L35351 . ,36638 | 39071 | JUlubu 43722 LU43815 37214 34660
MOC/IYY |1/8ECRelIN ®,03176 00260 J02162 06220 | JO0R124 | 12407 215154 . 16993 217649 W14017 .10979
|Mpss1vy. |1/8EC2eIN _ | _ 00001 | #,060000 | «,00001 ] 00002 [ »,00003 . .,nncos.[ 00008 | «,00007 | w,00010| «,00006 ., =,00013
MOR/IYY |1/SEC2wIN .| =,00119 | =,00101 | »,00088 | =,00077 . =,00067 . «,00066 | =,00076 | =,00096 | =,00407| =,00414] a,00178
MB/TYY |3/8EC L03643 L00190 | »,00240 L0U582. | =, 03770 | =,02255 |. =,00915 [ ,00204,. ,03400 01720 502440
Ma/IvY |1/8EC =i ,52582 el 36512 le},31090 |=i,36209 l.;.auu 1 21,63613 ] my 70785 | m) ISS4T | a), 74017 =1, US7B2 | =i,32729
IMpstyy _l1/86C | e, 01310 [ =,00270 | [y L -me01B880 .. =, 02036 | 1519 | =, 00843 L . 00421 | L0024
NU/LZZ [1/8ECeFT L ,00023 00047 .00062 00063 .00039 .00027 +00023 80021 +00086 «00005 | »,00045
{MV/172 [1/8ECeFT «, 00180 | »,00320 | ,00094 | . ,00144 «00039 +00006 | ®,00014 | =,00029 | =,0004h| =,00089 | »,00053
INwW/127 |1/8ECwFT 00042 ~00080 L00032. | __,00037 «00033 00018 | »,00004 | »,00026| w,00086| =,00216 ; =,0037S
NOR/IZZ [1/SEC2eIN | ,0Sub8 05921 06058 | ., 05874 05374 05054 DU924 05029 . 205990 L02191 |
NDC/12Z |1/8EC2wIN | m 00487 | m,00t48 00158 | . ,0047% | L00851 01863 L ,01394 +01586 L012u3 | w 00201 | m 02128 |-
DS/177 [1/8ECRmIN . 00703 4 1 o09ue . ,01058 010AY 03063 L. 01049 1 4 0313331 ~ ¢01928 |
INDR/1ZZ |1/8EC22IN 20784 W20751 | . 20683 20819 20338 | L2038y | . 20887 20895 21247 21778 «230R9
INps2Z2  [1/8EC | L0%088 | _,02134 L0080d [_m 01082 | =,02047 | =,02704 | «,03383 | =, 04380 =, 06407 =,08988 | _a,12650
NOZYZZ  |1/8EC 1 me19083 | w,2083% | #,214%4 | #,20859 | @, 19118 | =,17088 ] a,1h013 ] #,19930 | a,14690.! =,13211 | =,13534 |
INR/12Z [1/8EC. 2, 06228 | », 04328 | »,04432 | =, 00511 | =, 00836 | =,00581 | w,0ub96 | =,00939 08442 | =,06299 | =,0787%
|oa IN . . | 2,0u989 | «,09073 | «,25640 | =,43378 | » 50978 | « 32418 | w,02211 «29959 o58388 | . ,78053 | _1,16387
oe _ __Jin_ | s, nesex [ s,upoey | S,uB0se [ S.3%684 ) 4,97169 | 479996 | 484003 | 5,08308 [ S,4¢ - beRlu5y | -
D8 . |IN - .. .. 428790 _+29183 29913 | . ,29190 27140 | . ,25384. ] 23748 22533 23112 20404 »32750
bR IN L. 18008 | _,12923 <0713 J01383 | m, 03566 | =,12515.] =,24009 | «,373d1| «,52654| »2,71934 | el,02069
THEN DEG, 9,26038 | 7,92080 | £,.h1524 | S,34968 | 4,18012 | 2,785T8 ] 1,17638 | «,53930 ) =, 92517 a1,9096] |=8,45490
PdIN  _[DEG, - | mub783 | =,51838 | «,53898 | »,53585 | e 49431 | =,46026 | =,45899 | =, 073031 =,51479| = 57628 | a,66222
& DERIVED BY FITTING A THIRD ORDER CURVE THROUGH =d0, =20, #20 ANMD #+40 VALUES, . - - -
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Param-
eter

Xuzsm
IATA!
Xw/M
XRB/M
DL /M
XD /M
XDR/™
XP/M
Xars4
XR/M
Yusm
VM
Yw/M
YOB/M
YDC/™
YOs/™m
IDR/M
Yp/M
YQ/H
YR/Y
ZusM
[ANA)
2474
ZDH/M
IDC/™
ZDa/sm
LIRY/M
P/
I0/4
IR/M
Lu/Ixx
Lv/Ixx
Lw/Ixx
Loa/srxx
LOC/IXX
LD8/Ixx
LOR/IxXX
LP/IXX
LA/IXX
LR/TXX
MUZIYY
uv/IYY
MAd/TYVY
MDAR/IYY
MDC/TYY
MDS8/IvYY
MDR/IYY
MP/IYY
MO/IYY
MRLIYY
Nusl1z2z
MV/722
NW/1ZZ
NDB/122
NDC/122
NDS8/X2Z
NOR/122
NP/122
N@/1ZZ

Unit

-40
1/8EC. ", 04972
1/8EC 00001
1/9EC J06619
FT/SEC2w1N +16353
IFY/sECReln [
F1/SEC2eIN 00062
FI/SEC2eIN | =,00036
FY/SEC
FY/SEC
FT/SEC
L/8EL. .
1/8EL
1/8EC
FT/SEC2@IN | =,016680
FY/8EC2wIN L0870
FY/SEC2=1Y | t.17124
F1/SEL2eIN ; =, 0BBA2
FT/SEC ,e1.45203
FT/8EC “, 00060
FT/8EC ., 19641
1/78E¢C | 416925
1/8€C | w.00722
1/8EC b ®a4h335
(FT/SEC2=IN | =,23793
|FT/8EC2mIN j=BaT8072
FI/SEC2=IN |, ,00387
FU/SECR=IN | ,0005%
FT/3EC ; ow,duot2
FT/SEC ] 1.52%23
FT/8EC | 1,002n4
L/SECSFT | «,00048
1/SEC=FT | =,00647
1/8EC=FT 00056
1/8ECR=]N | -, 03692
1/8ECR=IN | «,00893
1/8EC2a]N 441997
1/8EC2e]N * 14907
1/SEC
1/8EC
1/SEC | =.0500%
1/8EC=F 1 ! A00138
L/9EC=FT [ 00175
1/SEC=FT | =,009AR7
1/78EC2-1N | 38452
1/SEC2~IN =, 03381
1/8EC2-1IN ;  ,00001
1/SEC2aIN | =,00079
1/5EC T .04T28
1/8EC |=1,53243
1/8EC ., 01843
1/SECFT L00015
1/8EC=FT », 00166
1/8ECwFT 00062
1/SEC2mIN 04797
1/3ECRe1N -, 00492
1/SEC2pIN 00716
1/SEL2=1IN
1/5EC
1/8EC
1/8EC
IN
In
N
IN
DEG,
DEG,. «, 43595

| =s009152
|=h,3uBuy
! .00314
«00019
=, 230042
52018
1,01959
=, 00059
«, 00665

7,88562
. 48766

APPENDIX E

TABLE E2.- Continued

*0
e 02511
=,00149
03904
+12217
| _e95914
».00030
-, 00019
02172
2,59658
-,09958
»,00080
-, 15610
L00348
.01329
L07384
1,16814
-,0%181
v1,15428
-,00237
- 12454
L03148
L00072
«, 55751
L02774
-8,24424
L00253
00004
., 06929
LUBLOR
.00058
-, 00044
-, 00664
L00047
..02893
= 01523
L4178
L 13939
. *a61095
S11838
., 06119
£00410
L00001
L00184
L34363
| .o2092
. *.00001
-.00855
. =,00231
iw1,27220
., 00458
,00057
., 00081
,00029
,05544
00127
,00936
L20562
,00381
», 19391
v, 04345
-, 26730
5.10272
27159
06837
6.61257
r.51128

20

., 01009
,00175
(03759
11608
.71302

.,00019

», 00014

v, 01601

2,53239

=8,44039

", 49798

« DERIVED BY FITTING A TAIRD ORDER CURVE THROUGH =40, =20.

(¢) Z = -1000 ft/min

Value of parameter at 5(, knots, of

40 60
»,01604 | e, 02307
.00026 | w, 00011
03889 L03484
L11705 13108
|. .53009 236004
w, 00013 | =,00009
.l 00010
»,00205 | ,00096
2,48428 | 2,u3266
~.00983 : =,03151
00024 L00013
.,08054 1 =,0830]
00434 i a0ar2
U281 o0uo004
L06990 | 06667
1,14427 | 1,14416
= 03128 , »,03793
w1,62169 ,=1,56230
», 01072 | 06349
v, 15294 , =, 16880
=, 07749 . »,04789 !
-,00032 , ,00107
. 49832  w,58473
+2B857 37288
~8,92918 ©9,69911
L00170 L00165
-.00041  -,00037
«,08558 »,06678
=l 45790 | =, 5548}
= 86355 |, 9,63779
=, 00014  =,00012
=.00b26 | =,00627
.00095 | Jonite
=,01198 . -, 00814
01588 |, =,01508
| +41089 |
| mel316Q
. =.66429
JNB46N
-, 04Bus
=.nQ027
-, 00104
,01337
36201
,08318
=,00002
*,00039
v, 04588
.w1,52399
| =.01750
400033
00034
.00025
L0727
L00775
J0104S
20143
~e01BS1
-, 0026
mo0u318
", 69476
4,09221
24373
+01988
4,25894
w, 43904

+20 AND 440

VALUES,

80

». 02806
», 00037
« 02603
o 1484%
+ 14898
«, 00008
e, 00014
200238
2.4lub9
», 04247
+00039
#,09629
00391
L 02892
+064%0
te15126
= 04538
[-1.61167
+12548
i #1720
w,03020
| .00206
¢ mab97H9
. 39135
=10,54488
400190
*, 00029
»,0223%
». 45558
»e60555
*s 00003
»,00b06B
200127
v, 00774
v. 01491
41322
“.13596
« 70323
N «04770
w,05301%

«s 00335

.00024
101564
L01550
15750

. #,00002
«, 00039
", 01296

D ale?iusR
| we0152%
i 200023
| w.00020
| »,00011
| w0408S
I .01239
L 400982
» 20254
02765
=, 12999
», 04377
-, 14407
4.27929
20728
», 17239
1,42181
=.39769

100

=,03200
=,00078
«01538
«in082
.=, 08888
m 000086
=,00020
«00468
2,455358
«,05503
400074
.,11528
«0039%
$01438
+0b6780
1.16540
04462
»1,58215
«21334
#.16974
», 02241
«N0242
=, 71686
38110
pi1,38530
«00287
=.00030
401553
15244
*. 60597
200008
=, 00680
00135
=, 009064
*a 01497
W41678
».15729
=.68840
«NS2BA
*.05123
=, 00317
00083
201617
443835
17332
=, 00004
00054
00160
75868
»,011286
«00021
w,00036
., 000286
0at19
201436
200978
«20502

®, 04566

19205
4.49493

194758
-,29414
», 22319
®,41428

120

. w,0383%
00138
L0202%
#1u33%
~m,05088
=,00009
=, 00021
L 00651
2.60669
*,05724
00094
«, 13143
,004b3
»,00388
L 08390
1,17883
=, 01384
v, 46677
.30427
v, 16560
~, 00280
.00244
n, 20411
.25913
'a11,86153
| 00325
«.00011
03630
46989
., 60021
00001
00744
00170
=, 01429
€. 01082
41901
«, 13090
=.64553
L07124
=, 04777
~, 00218
L0088
IRAL]
RCERLY
L .19352
. =, 00006
. =,000863
L L0071
|
{

-y, TU934
-, 00415
.00017
«,0005%
=,00067
04073
. 013860
«01184
20762
=, 05220
., 11206
., 06979
J4u9BS
4,B8498
+20091
", 42749
., 55312
. 45802

140 160
045087 | =,05098
=, 00267 | «,00574

L01025 | »,01344

09211 206900

_9,26897 |. w,79418
=, 00007 00021
00018 | =,00026

00746 +01105
2,93309 | 3,2R9S0
®, 07393 | w,12226

AD0084 | L0007%
e, 15165 | w=,17610

00338 | ,00238
*, 05315 | =,10396

L07a31 | +07018

1 1,20148 . {26714

01970 ,  ,05677

=1,28139 =1,07961

49772, ,69216
*.195%93 , we,15084

203274 ,02714

00281 , 00464
w, 64564 | w,60701

L22713 | ,38045

~10,22149 pi0,13481

+00385 | 200801
«, 00076 | =,00233

09994 011857

203488 -, 63600
~,56505 ! -, 69960

00010 400020
=, 00838 | =,00995

00172 5 L,00169
#,0307% : =»,04938

-~ 01227
L43874

- 12241
.,50997
6163
-, 03528
-,00221
,002a7

: (01119
36181
L0946

- 00001
n, 001064
,02291
i, 41358
=, 00163
., 00010
-, 00068
-, 00310
06088
e, 01422
01704
22357
., 10472
-, 10566
-, 06988
99281
6,70024
28187
w,B5632
®1,09296 |a0,81367
*,22990 | »,62193

87




APPENDIX E

TABLE E2,- Continued

(d) Z = -500 ft/min

88

Value of parameter at X, knots, of
Param- Unit ey
eter -40 -20 *0 20 40 60 80 100 120 140 160

XUsM 1T/5LC .-, 04948 », 044481 »,02329 w,00864]) v, 01387 -.02f7d 2, 02495 -, 03084 w, 03724 o, 0U%64 =, 00851
XV/M 1/8EC 200048 ., 00184 -, 00097 00053 +00008 J00001 e, 00006 =,00027 »,00062 v, 00137 @,0042)
XA/H 1/8EC 06078 WN4284 +03589 +03589 +03484 03625 riryi «01910 02536 «01854U =,00254d
XDH/M FY/SEC2=IN « 16659 «13510 11831 11283 211291 12891 14825 16227 «14496 11665 +09508
XDC /M IFY/SECRwIN 1,51068 1.22694 294704 70594 +53876 «32387 220511 e, 00814 J06093 w 08844 »,59637
XD§ /¥ FT/78EC2=1N -,00037 ., 0002% ®,00019 =,00007 =, 00003 =, 00002 e, 00002 00003 ®, 00008 -,00008 +00003
XDR/M F1/8EC2elN =,00021 *,00013 -, 00008 -, 00005 -, 00003 ®,00002 -,00004 w 00007 »,00008 e, 00012 00026
XP/M F1/8tC +09475 +07629 J03242 -, 00190 +0082% | ,00570 +00410 200332 ,00476 00641 « 00960
XA/ FY/SEC 2.20457 2.54761 2,59202 2,52291 2,486%37 | 2,39447 2,35942 2,38495 2,.53542 2,71152 3,05128
XR/% FTY/8EC -, 22649 w, 21772 ~,12040 »,02995 =,04178 | »,03990 », 03664 n,03979 e,04027 w, 05185 *,090068
YU/M L/SEL =, 03t18 «,00170 °,00038 400087 200043 I 200000 «00032 «00066 .00082 +0010¢ «00100
Yv/4 {/8EC -,0914% =, 142686 -, 14528 w,11b66 » 07436  w,07822 «,09235 =, 10972 v, 128086 =, 14818 , e, 171868
YW/ 1/SEC +00288 00272 «00501 200354 « 004482 200366 400328 00328 2005874 +00426 | 200419
YOR/™ FT1/8SEC2wIN =,02811 -, 01042 01249 03487 +05098 | 04601 03248 +01689 200117 w,03947 | e,07617
Yo/ F1/8EC2e1N 205815 + 05576 +06RBT 06762 06219 ; L0573t +0%343 «05514 s07160 08128 | 208592
YN8 /W FT/SECReln 1,16108 1,14691 1,16274 1.15412 1.183461 | 1,13154 113474 1.14425 1,15263 1.106939 | 1,22750
YDR/M FT/SEC2eIn «, 08652 , »,07451 ., 05288 @, 034922 w, 035159 | =, 04552 », 05689 e, 06022 w, 03415 v, 00552 | +02634
YP/u FY/SEC 1®1467033 =1,41972 [w1,32917 |ef 40184 [=1,64092 3-1.79907 »],84895 [ =1,80984 | ¢1,67724 | »1,46929 e},25200
YQ/4 FT/8kC 03860 +00144 -, 02457 «, 03847 | ,02348 . #1137 +20437 21705 L4307S «58791
YR/ FY/SEC e, 18864 .,1459% -, 15189 r, 18026 | »,19618 | =,19909 w, 19360 e, 18595 w, 16694 | ®,15551
2us/m 1/8EC J178HY +02826 =,11818 ., 09269 . «, 05637 ' », 03358 -, 02250 »,0032¢ 203104 | W01650
AN L] 1/8EC 1w, 00608 | 200135 | ,00208 00212 | ,L00290 00319 L0031 S 003KY 4002458 | 200318
2u/M 1 /SEC f +43584 w, 32741 } «, 37819 |, e,47314 . «,568086 | v,b4615 w, 70814 v, 74979 “,b6803 | =,70849
INB/sM FT/SEC2mIN t -, 27161 202908 $15924 | + 32520 JH1697 | +42949 41258 « 33449 09294 R664Y
20C/™ FT/SEC2wIN |=B,60511 |e8,22802 («8,13578 |=B,31674 («8,75929 «9,53950 p10,42244 #p11,29391 W11,90565 [=10,72300 #10,89579
I08/M FT/SEC2=]N | 00254 200182 $0012% | L,00073 +00049 |, ,000206 , 400048 +00113 ‘ ,00139 00217 | +00589
IDR/M FT/SEC2eIN | 00030 |, »,00001 «-,00009 ! ®, 00002 «00008 . =,00007 i °, 00013 *,00048 i «,0005% *,00022 |, =,00099
P/ FT/SEC =, 45659 | «,3184% », 17822 | =,09404 =, 12445 | =,05359 i o, 045668 «,01357 , J02017 03741 L0847
I/ FT/SLC 1.816% | 57144 | 40157 ! 238001 ~.78053 . »,91256 | »,60449 -, 33834 -, 23694 AR 234840
ZR/M FT/8tC 1,11591 j 1,139014 « 31169 -, 44359 ®, 20434 |, 9,10576 , =,22661% - 360483 -, 45551 52236 | e 64097
LU/IXX 1/78ECeFT -, 00044 -, 00058 t «, 00037 | =,00012 ., 00013 ®,00016 ; =,00008 JN0003 0 e, 00008 <0008 00017
LV/IXX 1/SEC=FT =, 0606 -, 000631 ] -, 00635 j ., 00619 ®, 00590 ° «,00587 | e,00608 w, 00640 ' -.00b95} “, 00778 : «,00918
Lw/1xx 1/8EC=FT 202063 1 L00049 | s00UaY i 00067 00117 ! L00138 | 200145 +00150 «N0168 | +00209 « 00209
LOB/IXX |1/SEC2eIN *, 03616 «, 03337  =,02638 | =,01678 -, N0612 |, =, 00216 i e, 00187 ., 00341 i -.00710| v, 02148  «,03553
LOC/LXX [1/8£C2=IN ., 00281 =,01187 1 w,01448 v,01528 01393 , w,01211 t 01169 ® 01171 ; ~,00R03 », 00859 | »,00535
LOS/7IXX [1/SEC2=IN L a81730 JU18382 | WU1643 I 41279 Ju0859 | 40821 ] J409us 241201 ) WH1313 41629 s 42983
LDR/TIXXx [1/SEC2=1IN =,14745 | *,14503 | w, 13909 | »,133%6 | «,13157 . «,13388 | o=el371t -, 15898 e, 13326 =, 12778 | =,12591
LP/1XX 1/8EC -, 74828 | ~,0RU19 ‘ ., 65429 l °, 66455 | »,7209% ®, 75755 ! w,7b6&21 ®, 75041 w 70501 -, 63821 | @,56471
La/7Ixx 1/78EC « 12963 12586 | (10871 1 L,0799% 04113 02570 | 02439 02997 Nu29t 108984 s12102
LR/IXX 1/8EC ., 05736 ~, 05023 =, 04601 | =, 04845 05584 v, 06018 | w,06082 -,05872 -, 05499 =, 04675 ; »,03801
wy/sIYY 1/SECeFT 00372 0009y 200623 J00468 | «,00043 |, «,00344 | =,00367 =,00335 | »,00251 =, 00113 ; =,00149
MY/Z1YY 1/5ECeFT J00143 J00121 00008 =, 00088 | =,00063 . =a00019 200027 200075 00131 00160 00228
MW/IvY 1/8EC=FT ", 01196 ~, 00447 00203 0083p 01534 i 201635 01623 $01641 01647 01715 01580
MDA/IVYY 1/78ECem]IN 36076 34340 « 33695 341914 + 35878 « 39006 ¢ WU1867H 43984 ) 45786 $ 39321 ; 200560
MDC/IYY 1/SEC2=IN -, 05650 +01087 202009 W 03169 I 08621 | J14081 16471 A77% 19353 , 18049 1 s 14833
MD8/1YY |1/SECRelN =, 00000 «,00000  =,00000 008000 «,00000 . w, 00002 -y, 0000 w,00002 i =,00002 =, 00004 | »,00007
MDR/ZIYY |1/SECR2=IN -, 00047 ., 000357 »,00026 =, 00015 », 00007 |, ®,00006 v, 00011 wy,00022 =,00029 =, 00040 | o,00107
MP/IYY 1/8EC s06038 06421 00108 205462 f », 02849 ! e,012986 w, 00879 “, 00409 +00392 00992 [ «019158
QLYY 1/8EC =1,94982 |=1,31840 (e1,24188 |wi, 31713 EV1.5910$ (w1 66128 | @1 ,724353 | e1,76349  #1,80237 | w!,56573 L-l.ssoel
MR/ZIYY 1/8EL », 02640 .,0073% -,00288 v, 00624 i e, 01073 : w,00915 w,00751 w,00622 «,00487 +00083 { s00176
NU/TZZ 1/SEC=FT 200007 «00033 « 00050 £000%0 200028 | ,00026 « 00025 ,00023 L0009 £00010 «00002
MV/122 1/SEC=FT »,001%¢ », 00271 «,00070 00135 l 200030 - e,00004 ! w,00026 ., 00044 w, 00084 - 00078 | -,00079
NW/TIZ2Z 1/8ECeFT 00049 ,00025 +00026 200028 00010 i m,N0012 ! e,00023 e, 10032 »,N0059 =, 00137 |, @,00217
NDB/IZ2Z 1/8SEC2eIN 04154 L0uBU9 L050875 L0u829 J0UL07 1 o 03554 i «03205 03208 03508 «04108 : +05191
NDC/12Z |{1/SEC2=IN =, 00494 w, 00194 00098 200388 200673 £ 00829 +01003 +01225 201297 +00487 | », 00455
ND8/1ZZ {1/SEC2«IN 00T «00791 00924 01028 .01012 +00944 | .00875 «00B82 »01034 201228 i SO3UTE
NDR/12Z [1/8EC2=1Y « 20390 20502 120448 19972 <19009 + 19956 «20119 «20288 220604 ! W21643
NP/IZZ 1/8EC 2 015%2 #0134 00184 ., w,01901 ., 02199 »,02739 -, 04104 .,05823 ! v, 08419
NR/1Z2Z 1/8EC ~,135%2 =,16553 =, 17600 -, 13782 .,11156 ,09%60 -, 08867 »w, 0778 =, 07774 =, 08692
NR/TZZ 1/SEC -, 04057 w,04199 04263 L w, 04068 0, 04096 w,0u221 e, 04540 v, 05098 -, 06183
D8 IN «33228 12223 -, 27921 »,92224 ‘ -, 64928 ., 27053 08356 + 34368 «S51096 82420
nc IN HoluBul U,b1718 U, 749068 a, 3,74929 3,7226%9 3,912565 4, 2869y 4,935444 &,05306
DS IN 20208 23322 24611 21861 19658 « 17837 16544 217253 « 19840 24219
DR IN L03700 + 05063 20865867 «08141 =,00240 v 10942 »,22212 w,33716 w 47632 w,TOUTY
THEN OEG, 8,96607 T.81254 b,b1169 5,43887 4,.36941 3,1%931 1.,65%473 J07u23 ©, 21157 | =1,038B7 |ed,24uSy
PHIN DEG, =, 38226 -,45397 =, 48161 45975 =,38300 -«,34433 =, 33547 «, 35475 e, 40420 v, 48592 e,58388
* DERIVED BY FITTING A THIRD DRDER CURVE THRUUGH =40, =206, 420 AND #49 VALUES,




Param-
eter

XUzM
XY/
Xw/M
XDR /M
[XOC/™ _.
XD8/M
XDR/M
XP/sY
XQ/™
XR/M
YUsM
YV/nu
Ya/H
YOB/M
YDC/M
YDI/M
YOR/M
YP/H
Ya/M
YR/
U/
/M
2444
IDB/M
ZDe/™
IDS/M
I0R/M
ZP/m
Zasu
Zr/M
LUZIxx
Lyv/Ixx
Le/TXx
LDA/IXX
LDC/7IXX
LOS/IXX
LIR/IXX
LP/IXX
La/sIxX
LR/IXYX
MUsIYY
MV/IYY
Ma/ZTYY
“nB/IVY
4ncC/tyy
MOS/IYY
MOR/IYY
MP/IYY
MR/IYyY
MR/IYY
NU/1ZZ
MV/112Z
NW/122
NDB/12ZZ
NDC/1Z2Z
NDA&s122Z
NDR/122Z
NP/12Z

Unit
-40

1/9€C e, 04980
1/8EC +07032
1/SEC. +05470
FT/8EC2=IN J17130
IFI/SECReIN | 1,46431
FI/3EC2=IN -, 00017
FT/SECE=IN 00012
FY/8EC «11867
FT/8EC 2.17267
FT/8LC 17177
11 /5EC L} =s00093
1/78EC =, 08u80
1/78EC .00282
FT/SEL2wIn | =,0411)
FT1/8EC2wIN 204978
FT/SEC2~IN 115229
FT/SEC2=IN | =,08454
FT/8EC ,e1.880643
FY/SEC L 08594
FT/SLL “,20393
1/8€C 19109
1/78€C .

1/8EC . 4 mek0uTY
FT/SEL2eIN | =, 31253
FTY/SEC2=IN [=8,43145
FT/5eC2eIn 00107
IFT/SEC?-I~ 00027
FT/SEC 63431
F1/8EC 2.15197
FT/5¢C .81188
1/79ECeFT =, 00040
1/SEC=FT =, 00568
1/7SEC=FT WfNo0072
1/3EC2~IN ~s 03605
1/SEC2=IN | =,00683
1/5EC2a1N | L41498
1/8EC2eIN | e, 1440]
1/86C -, 79828
1/8EC 12624
1/8EC = 06426
1/8EC=FT - 200181
1/8ECeFT .00108
1/8LCoFT = 01465
1/8EC2eIN | ,35758
1/8EC2eIN | @,0u4062
1/56C2ulIN -,000060
1/8LC2=1IN v, 00024
1/8EC L07710
1/8EC *1,57909
1/8EC =, 03206
1/SECP T ~,00002
1/SECwFT 00144
1/SECWFT 00064
1/8EC2wIN .05539
1/SEC2=1IN » 00471
1/8EC2nIN 00716
1/78EC291N .20238
1/8EL 00740
1/8EC r, 10825
1/5EC =,03924
IN 80144
3] L 3,69823
IN W17213
N . 04b73
neEG, 8,83219
DEG, ", 32757

APPENDIX E

TABLE E2,- Continued

5.61333
-, 451558

(e) Z =0 ft/min

20

-,00259
-, 00046
203412
«10849
269883
200004
00002
200784
2.,5185}3
=,09582
00098
= 11155
00334
204070
s06168
1414599
} =.03632
®1,27919
= 04279
= 17614
=,14099
+00524
=.34855
16269
«8,21477
00040
00012
218709
221293
+39539
00004
-, 00591
£00077

. Q1247
e, 01453
41153
.,13309
70862
06396
=, 05464
200679
=,00006
,00992
.33528

| 02407
i 00000
200009
,03618
»1,31598
w, 00292
L00042
L00132
00024
D437y
,00344
J01014
L20170
., 00921
w,lun72
-,04145
-,87058
4,19348
21948
11834
55,4809y
~, 42198

e DERIVED BY FITTING A THIRD ORUER CURYE THROUGH =40, =20,

Value of parameter at ).(, knots, of

40

v,01464
.,00004
+03870
+10866
«54S75
00004
+000058
00120
2,448%5
v, 07589

+=
=y
o
o
o

o
o
o
o
o

s

o =
>0
oo
oo
-
oo

!
i
|

60

=, 02048
L,00014d
«03764
+12688
oH2b40
00003
200004
200380

2435790

w, 04676

w,00017

., 07404
L00330
«05185
04854

1.11989

., 05298

,*2.035%)

‘
'
'
f

00340
22199
e, 08631

00687
»,85118

U673

. *9,35989

-, 00044
00008
21481

=1.17918

i
!
i
i

!

28535
=,00024
-, 00N%48

200106

00376
-, 00844

+U40554
v, 13452
v, 81833

.N0117
06732

202420

*e00096 .
01764

39113
15286
00000
00011
naz27eo

w] . bBIBS

+20 AND +40

,00267
L,00050
-,00009
«, 00036
02811
00552
.00887
,19899
., 01663
«, 07923
03912
~ 85057
5,23321
o17057
208751
3.30064
-, 27858

VALUES,

80

,02592
00024
03122
J10817
20174

., 27238

100

., 02981
00021
+02283
+16383

01262
00000
00001
+00%06
2,31099
-, 02810
00063
-, 10871
«00260
01739
J04208
1.12371
»,07593
«2,03928
20236
21743
=,02283
+073814
#.09967
LLRY

k11,19359

-, 00016
00000
060661

=,52618

=-,09338

=, 00002

-, 0059%
200167
00188

=,00807
J40740

w, 14070

=, 81192
008809

=, 086590

-, 0035]
J00067
01666
WUu1Be
L8202
«0N000
«N0003
00808

el,74988

m,00041
00027

°,00051

-, 00043
02294
400919
L00746
19746

-, 02065

®,05316

®,03947

., 02471

3,33578
«13698

», 15797
035227

", 29476

120

. e,03632
L,00013
,03014
e14b12
<10882
,00000
30000
,00446
2,45022
~, 02961
.00074
", 12526
,00308
L,00369
L05709
1.,12706
., 05459
-1,8688u9
27032
., 20654
-, 00337
,00437
74583,
L40968
»11,89379
*,00007
.00000
06962
. 01613
-,18809
-, 00016

} ., 00646

L00179
., 00077
»,00528

40742
“i13570
.. 76384

L,02211
-, 06182
=,00280

00112

01820

L4bu26

L1882

.00000

£0000Y

01083

-1, 80477

.00022

00022
., 00072
=, 00058

JNR25408

01102

L00883

.1982%
«, 03098
., 04408
. 04173

+23885
5,69708

145408
., 25691

09997
.l 35037

140

®, 04207
,00020
£02613
15068
. «092B4
L00002
.,00008
00555
2,58151
., 03792
.00108
., 14524

.00476
®, 02895

L08442
1,13824

*,03095

“l,65634
240930
18446
03061
00302
w, 08261
»06504
eil1,22671
«00054
00008
«03030
JTR4T8
-, 28671
«00004
00725
00241
=-,01278

00225

+40935
», 13089
=, 69295
06761
®,09353
= 00049
200135
«019%0
41714
21272
-,00001
=,00009
« 00945
*1,57954
00241
200014
w, 00087
., 00107
(03197
«00778
01042
220039
=, 00472
=,0u746
,04588
J40055
4,32420
17245
w, 37746
v B8214
., 45798

=,04737

160

., 00267
00375
L1079
w, 41289
w,00002
-,00016
. L00747
2,91199
., 06707

,00098
v, 16813

00409
., 06397

L08941
1,18927
v 00433

-1,4209%
255181

16326
02053

>
-
~

., 54619

89



« DERIVED BY FITTING & THIRD ORDER CURVE

90

s ——

Param- s

eter Unit 40

XU/ 1/8EC =, 05099
Xv /¥ LsSEC »,00027
XA /M n/8EL +04792
X0B /M FT/8EC2=IN 17836
XDC/M F1/SEC2w
XD /M FT/8EC2=IN | =,00004
XOR /M F1/8EC2=IN =, 00002
XP/M F1/8EC _ J023812
X9/ 4 FT/8€EC 2,07584
XR /M FT/8EC ., 04833
YU/M _LZSEC . =, 00067
Yy /™M 1/78EC =,07928
YW /4 1/SEC 200321
YDB/M FT/SECReIN =, 05637
YOC/M F1/5EL2=1N 04234
YD§ /M FT/SECR=1IN 1.34476
YDR/M FI/SECRwIN . =,08278
YP/M FYs/sEC
YQ/™ FY/SEC
YR/M FY/8EC
ZU/M 1/8EC
ZY /M 1/8SEC
Zw/M LzSEC 7..-1.}7&1)‘1
ZDB/™ FY/SEC2=1N I w, 34484
ZDC /M F1/SEC2eIN 1=§,22736
Z08/M FI/SELZ2aIM i «00028
IZDR/™ FT/SELR=IN | =,00000
ZP/M FT/8EC i eal0468
IZQsM FT/SEC.  __ [ 2.51551 | ,93e21
ZR/M FT/SEC ; 208295 | =, 45957
LU/TXX 1/SECeFT 1 =.00035 = 00063
LV/IXX |1/SECeFT ; ®a 00552 ]-.oos7u
Lw/IXX 1/SEC=FT 000A5 . +00053
LDB/IXX |1/SECE=IN =, 03670 ‘-.USZYU
LOCZIXX J1/8EC2=IN . [ «,00595 | =,01071
LDS/IXX |{/SEC2wIN 241301 1 L41645
LOR/IXX |1/8EC2=IN *s14476 | =,14475
LP/IXX 1/8EC «, 84669 | =, 76640
La/Ixx 1/SEC J12564  L12011
ILR/ZIXX 1/78EC ., 07108 =, 06008
MU/1YY L/8EC=FT £00138 + 01045
My /LYY 1/SEL=FT 00073 ®, 06033
MW/IYY f/SEC-FT =, 01802 | »,00731
MDB/IYY [1/SEC2aIN +35557 «329314
MOC/IYY |1/SEC2eIN -, 04758 03615
MDS/IYY |L/SEC2mIN =,00000 +00001
MDR/1YY J1/SEC2=IN «, 00008 «00009
MP /LYY 1/8EC +02254 =,0%053%
MR/IYY 1/8EC ®1,61906 wi,33744
MRZLYY 1£SEC .. w, 00862 200643
NU/TIZ2Z 1/SECerY w, 00009 +00008
MV/IZZ 1/8EC=F1 w,00135 =, 00242
&w/!lz 1/SECeFT +000%0 +07030
NOB/1ZZ J1/8EC2=IN 02948 +03949
NDC/1ZZ |1/8EC2e1IN =,00413 *,0025%6
INOS/2ZY l1/SEC2=IN _ | ,00720 | L00772
NDR/31ZZ (1/S£C2=IN +20109 «20386
NP/122 1/8EC #0013 +00403
NR/IZZ 1/8EC =, 08048 w,12984
NR/1ZZ 1/8EC s,03842 w,03976
D8 IN +93828 49772
DC N 3.26564 3.93u82
03 IN Jludit 18257
DR IN w,14161 *, 05503
THEN DEG, 8,70754 T.72048
PHIN DEG, 27250 =,38399

APPENDIX E

TABLE E2.- Continued

*0

Tl e.01857

=,00127
+02894
+10910

1. «93710

+00012
»00007
-, 02869
2.%7072
=,08620
=,00001
-, 13179
00244
J1113
+05698
1415717

ml.b4496
220500
-, 18117
202097
00975
. =,25982
203148
8,05096
=, 00110
+00005
+33800
+40010
.43277

=,00583
.00052
. 02215
01419
$415909
“, 13905
=, 73128
08244
05704
201356
00027
200285
+31958
L01768
00000
.00021
.01003
l1,24858

|
!
|
'
|
!
]
|

00023
=, 00055
+00018
04294
00052

20349
v, 00148
», 14708
04078
-, 30900
4,13213

20220

L06189
6,61754
w 42272

THROUGH wd0, =20, +20 AND 40

=, 05508

-, 00014

I 010644

| - «00908 _

() Z = 500 ft/min

20 I 40
L00129 | »,00932
», 00143 | e,00018
£03219 ,03852
L106490 10425
| .89235 | ,550%58
200013 .00009
,00008 L00007
L01602 +00280
2,52138 | 2,43258
®, 17655 | »,10961
200122 | »,00042
« 10831 | », 00418
,00341 L0043
04843 07265
L09507 04999
1,14249 | t.11902
» 03780 | e, 04178
a1,73729 [e2,08058
“, 06817 | = 11863
. 19694 | =,22517
v, 16248 | w 13514
W01176 01077
2,81546 , =, 41565,
i 826643
- =8,14437
i w, 00113
! .00037
. 142854
t j=t,53182
1,17616
| =, 00022
| -,00521
| L00199
. 00659
;401438 | «,00910
| earmer | L4089
| =s13291 | -,13198
| =aTUBYG | ,B2699
1L, 04674 | =,01288
| 06016 =, 06756
00965 . 00232
00097 [00018
.01228 1 ,02073
$32750 35422
(00333 ! 09965
=.00000 | 00001
00027 ,00025
J08761 { +06559
1,34224 |e1,60835
L01388 L02728
,00031 ,00026
L0013 L00022
400010 | «,00044
L03966 .02951
£00324 ,00373
_.01006_] L0095
(20108 L, 19693
*,00977 | =, 04020
=, 13206 | =,08467
w0408 | »,03938
=1,11263 l=t,54392
3,8647s | 3,1390a.
L.20095 17677
,17000 .23013
5,52108 | 4,57749
-, 38580 | w,27039

Value of parameter at X, knots, of

60 80
°,01924 | w,02498
00023 00044
<0390] ,03377
12496 14820
JuSB62. | 31847
00007 00004
+00007 .00007
b 400430 00us2
| 2,32194 | 2,25393
. =¢05009 | ®,02951
t *, 00039 00020
! 2,07043 | =, 08619
j e00301 «00206
L .0%759 03573
.04051 .03009
, 1,10903 | 1,1037S
_i ma 06081 *,07993
=2,27186 |=2,32475
| w 01679 | ,10350
| . 20628 | ®,24924
, # 07765 | w,04175
| <00650 $00487
. =,514dB |, =, 462395
£52490 | L,51619
#9,15801 ¢10,14101
00102 , =,00102
L00054 i J00011
+2648% | L1810
m1,U4692 e1,08937
T Wb1518 , (30646
L *,00035 | *,00021
., 00511 l -, 00524
£00199 | ,00189
L00969 | ,00894
. 2,00452 , =,00398
| G k0307 j 40248
@y 18521 | =, 139863
*,87890 ; =,89052
=,02389 | =, 01939
07381 , «,07507
. *.00518 | «,00u50
. =,00002 00022
I .n1900 ' 201746
| 39346 a2140
| - 416803 .18301
. +00001 200002
i L08022 «00020
1 ,03469 L 02152
91,70716 lwl, 75196
| G01524 .0083%
[ ,00039 L00037
| #, 00014 | »,00039
| m,00047 | =,00066
02063 01546
.00181 00256
L L00842 | ,00703
219502 19393
“, 01495 | w,01432
2,00605 | @,02534
= 03829 | «, 03747
vl 03322 | =,53026
2,172216.] 2.62209%
14572 012292
11646 200037
31,46245 | 2,08401
-, 21527 | w,20927
VALUES,

100

L00048
02683
LL6S47
15368
L00084
L,00008
L00503
2,24212
-, 01798
. 40D0A3
-, 10425
00189
L01589
L02839
1,10865

L e,09170

®2,26714
$20177
*,268060
«, 02383
00413
n,69153
WHB1BY
11,0849
~,00082
00025
13976
w 71428
.10581
=, 00008
., 00593
«00186
MLLLS
+. 00408
40291
w, 14261
=, 87240
=,01031
. 07281
00371
00056
£01690
NTTIL

,00001
+00018
+ 01885
=1,77178
«20505
«00032
», 00058
2,00059
401373
»00513
,00629
« 19381
=,01522
»,017d0
2,03734
w, 13131
2,76347
L10882
w, 10234
480973
.,23465

.18725

2,02895 | w,f

48008
ri1,87723
., 00099
+00049
| s12267
| =,59%4u4
| 402065
' =,00022
®,00602
200194
00462
-, 00217
40184
-, 13821
=.02127

I3
3
>
EY
w

., 29692

140

160

*,00192 | =,00658 |
,00080 | w,00107
,03293 ,00993
L13403 .11707
22823 | w, 2623}
L00006 | m,00002
00008 i ., 00006
L00301 | 00548
2.52846 | 2,77189
», 02707 | «,0474S
+00094 00098
164289 | w, 18521
00378 | ,00403
02535 . w, 05856
L07003 | L07837
1,10775 | 1,15200
©. 05439 ., =,03508
r1,84230 o1 ,58%27
$38324 | 52647
20142 |, m,17316
L02798 | ,02465
00487, ,00389
».70238 1 w, 49944
L19775 | 27312
E11,53166 411,34629
=,00098 | ,00131
L00029 , =,00026
JAla8d 04752
s 09167 04404
09494 | e, 41384
©,00010 , ,00002
«~,00675 | =,0079%
00227 .00223
«,00576 . =,01912
$00422 ;  L00104
L40299 ,  L61301
©,13408 | e, 13342
76634 , =,66812
J06144 | ,07833
=,05982 | «,04836
00147 | =,00144
00126 200162
W01688 201528
L42962 WU1TST
.19501 ,14846
.00001 | w,00001
.00020 | «,00024
«01719 L01084
w1,60924 (wi,53986
L00362 | =,00010
,00017 .00008
«, 00095 | »,00098
®,00092 | «,00143
02218 1 L03190
200697 200314
+0085% 4 ,01027
+194BU »20278
»,03273 | «,04933
=,01590 | =,032%0
», 06178 | =,00920
29273 564068
3,72622.] 4,76465
14805 183214
»,29157 v, Ub088
v,3694h |=3,32911

v, 39304 | »,50983 J

PR




Param-
eter

XUu/H
Xy/m
Xa/m
XNB/M
XNC/M
XDS/M
XDR/M
AP/IM
XQ/H
XR/4
YUs™
Yv/M
YA/M
YOR/M
YOC/M
\DLEYA
YOR/Y
¥e /4
Yo/
YR/M
Zu/m
v/
Z4/M
I0B/m
IDC/™
jZDS/M
20R/M
P/u
ars
/74
Lu/sLxy
Ly/7IxXx
Lw/1xx
LOH/IXX
LDC/IXX
LDS/IxX
LOR/ZIXX
LP/IXX
L3/1xx
LR/IXX
Muslvy
Mv/TYY
MA/IYY
MDKR/TYY
MDC/IYY
MD8/1YY
MDR/IYY
MP/IYY
MasIYY
MRZLIYY
NUs12Z
MV/1Z2
NW/T122
NDH/TZZ
NDC/1227
NDS/122Z
NDR/12Z
NP/IZZ

Unit

1/8EC
1/SEC
1/78EC
FY/SEC2=14
T/8E(2=IN
FT/SEC2=IN
FT/SEC2=IN
T/8EC
FY/SEC
FT/SEC
1/SEL
1/58C
1/8¢LC
FT/StC2=IN
FT/SEC2=]N
FT/5eC2=1N
F1/8EC2e1n
F1/SEC
FT/SEC
FT/3EC
1/SEC
1/3EC
1/5EC
FT/SEC2=1r
[FT/5EC2eIN
fY/SECe-I*
FT/8EC2=1N
FT/SEC
[FT/SEC
FT/SEC
1/SEC=FT
1/SECaF T
t/SECeFT
1/SEC2=IN
1/8€C2=1~
1/8EC2=1N
1/8EC2=1N
1/5EC
1/78¢EC
1/SEC
1/7SECeFY
1/7SECwFT
1/SECeFT
1/8EC2mIN
1/8FC2-TN
1/8€C2w 1N
1/75EC21IN
1/3¢8C
1/8€C
1/8EC
1/SEC=FT
1/8ECaFT
1/SECAFT
1/SEC2wIN
1/78EC2IN
1/SEC2w1N
t/SEC2alN
1/78EC

-40

-, 04340
=,00109
J0L060
+18R78
1.35522
1 400007
I J000n3
-, 08448
1,9805%
07299
00022
-, 07469
, «00425
} me0T744%
203679
P 1213839
». 08126
=2,29354
‘ W21454
L ma25uRY
W23930
00523

. =e38298
, =a4331A8
|-7.97505
, weN0042
|
'

20002
sU6737
2.84500
=,62915

| = 00029
. =s00497
| .00105
| =, 0N8822
| =,00502
. e 41133
P oma14309
-, 89327

| e12850
| =,07809
Loeneoty
A00puy
02203

I« 35583
-, 05979

| =.00000
{ .00008
w, 08419
i 686595
«02160
., 00011
-, 00128
$N013¢
«0237¢
=, 00299
+00725
«19998
-, 00473
=,05180
w,03893
1,3495%7
2.84952
«11776
=, 24915
8,59095
=,21724

-20

=, 04306
=.00146
$02657
+12481
1.21065
200018
000114
*,17062
2,31567
17898
=, 00193
-, 12074
200236
-, 03944

- 35113

APPENDIX E

TABLE E2.- Continued

0
»,01524
-, 00252

402453
10282
<9474
00022
J00014
-,100835
2,54172
., 02965
L00017
., 12961
00258
01076
204688
1,15764
v . 000626
-1,77881%
200288
-,19279
J010607
02266
=, 21583
03261
*t,15139
e, 00192
«00001

N-IITR
Jhu8
28656
L00007

=, 00559
L00063

., 02055

., 01566
61526

-, 13941

., 76413
L8461

-, 06004
01964
.00043
,00345
L0668
.01559
L00000
L,00058

e, 01632

w1,3204%
086824
-, 00005

. »,000%0

# OERIVED 4Y FITYING A THIRD DRDER CURVE

00013
L04010
L00087
00899
L,20358

», 00305

- 13490

«,00051

-, 13296

3,88318
L184B%
,06225

b,62471

-, 39748

(g)

20

400513
=, 00265
202998
«10149
68735
200019
200013
+00324
2,53575
®,23969
00184
= 10736
00398
05881
W04029
| 1e14093
. 03750
‘1,88679
L =.10979
L =,20703
[ =,18058
aN2ut?

, =a274599
16224
*B8,16516
«,00208
0n02S
224969
-s62739
2,3704¢
W00065
=s 00535
JONn129
=.00312
=.0153%
41029
-.13284
-, 78610
$ 02537
-, 6255
201349
00238
.0158%
31771
-, 02651
) *,00001
. .00042
.10903
wl, 411414
206574
00014
00132
=,00007
03627
L00352
01002
220080
v,01072
m.ll162%
-, 04114
.l ,45003
3.,57273
J1BbUS
«23949
5.55735
»,35299

THROUGH =40, =20,

Z = 1000 ft/min

Value of parameter at

40

-, 00690
~,00028
«03840
09949
55274
«00012
«00009
., 00398
2.u14B81
*, 13796
w, 00112
-, 08001
«00560
) «08736
04727
1.1128¢
w, 04453

-,21433

60

-,01807
,00026
04039
12317
RELEY)
.00008
00008

i 00152
| 2.28595
. w,DUT4e
", 00068

I m, 06739
i .N0281
06322
JN3340
1.09883
. w, 06752
=2,50BUR
. =403710
. =.26958
»,09018

. 00702
*.51847

f

59022

-8,93235
-, 00105
RUrrL

. #30291
«1,70958
78808
-, 00051
=, 00476
00257
L01567
000358
J4007S
. =413595
-, 93966
., 04901
«,07989

. =, 00639
-, 00013
02041

)'(, knots, of

80

e, 02411
+00052
03651
.14834
+3753¢0
.00007
«00009
200285

2,20302

v, 01801
00018

-, 08394
00142
W03%21
«01793%

1,0889%6

., 09142

1 =2,56174

«10567
v, 27334
~,0UbsB

00477
=eb1350

25493

. =9,98¢202

L39728

L18675

Lnoon3
,00025
,03703

.1,73690
L02u4%
L00854

-, 00018
-, 00306
01298
-,00302
00777
219317
«, 01351
-, 01175
03787
wt,24186
2,21473
12170
,17357
3,61291
»,15149

+20 AND +u40 VALUES,

w,00118
0NNty
185214

.1,30247
41237
-, n0030
-, N0487
200215
01388
+00050
239917
214098
495219
03989
08174
L00499
L0nN09
.N1808
J42u9s
19415
L,00002
,00020
02190
-]l , 76949
201313
00048

-,00004

-, 00096
00676

-, 00270
+008618
19124

e, 01136
,01086

=, 038633

w,b6014

2,07662
,09585
+ 04623

2,27393

®, 14576

i

}
!
|
|

100

», 02813
,00079
,03021
16717
25495
L00006
+00009
,00549

2,17502
-,00870
L00087
-,10232
L0011
L01163
L01381
1,083591
€, 10750
v2,49268

L22108
«, 26330

=-,02396
00405
- 68579
51907
10,9791
~,00133
.00040
«12929
°,90297
«22539
-, 00014
-,00514
00207
JO1117
N0020
L3985
LIBT3
-,93204
-, N2756
«,07937
=,00593
200043
NIRAY
L4470
.19307

f

r

|
i
!

Q0002

,00028
L01687
.l,78707
,00922
.00039
«, 00065
-, 00081
L00d43
.00001
,00513
L19022
-, 01048
.01872
., 03567
. 23546
2,19636
L0B054
e 05578
84679
17470

120

«, 03516
.00127
203934
L15087
37368
000814
00014
.00129

2,28822

w, 01362
00080

®,12126
LN0181

., 00474
02662

1,07727

v, 09%62

«2,3023%
28540
=, 24b03
,00024
,00473

«, 75257
J49070

11,82412

“,00181
00050
1316

-, 77260
J17024

»,00028

-, 00561

00211
L,00900
00159

62843
..24432

140

e, 04138
.00179
05962
13354
«35756
00014
L0000
$0012%

2,446%6

»,01998
L0086

solé11t
00287

-,02525
.05926

1,07783

., 0818Y

=2,02220
87844

-.21723
£ 02606
00511

v, 71766
31436

"11,51790

.. 00204
00066
10184

- 24456

I J0R010
I =aN0N2Y
|

., 00632
00219
,00020
,00779
039597

-, 15733

., 79778
J02317

06532

-.00197
WN010Y
01472
L440A1
219509
,00092
00042
,01498

e1,67767
,00799
(00022

., 00103

=, 00084
,01259
00566
L00869
L18937

*, 02204
J01422

-, 03850
L8227

3,14279
.12394

*,21899

., 10420

-, 35028

'

.

160

", 04630
+00049
.01391
f11376

14197
00001
.00002
4004499

2,69415%

«, 03240
,00093

16289
£00332

., 06078
06498

1,115596

”, 06580

~1,74808

,52678
-, 18518
403084
,00446
v, 67921
.38649

11,129867

», 00054
.00003
,09425

.l 45804

., 19607

.. 00008

-,00743
L00215

01414k
.00289
40493

-, 13731

71720
,06630

-, 05374

-, 00169
,00133
01290
JU0b16
L1211
.00000
.00009
.01471

-l UB883
.00146
.00010

~, 00107

., 00123
,02149
,00310
.00803
19612

®, 47574

91



X /M
Xv/™M
XA/M
XDB/m
XDC/M
X285/~
XNR/M
XP/4
X3/M
XR/M
Yo/
YV/M
YAIM
YOR/M
YoC/*
YD§/™
YOR/M
YP/H
Yas™
YR/"
Zu/M
Zvr4
Zw/M
ZDA/M
e/
ID8/m
Z0R/M
IP/m
28/4
2R/™
LY/ XX
Lv/ZIxx
LW/IXX
LOB/IXX
LDC/TXX
LDS/IxXX
LOR/IXX
LP/lxx
LG/1xx
LR/IXX
M/ IYY
MY/TYY
Mw/1vY
MOB/IYY
MDC/IVY
M08/1YY
MOR/IYY
MP/IYY
MO/TYY
MR/IYY
NU/IZZ
“v/122
NW/122
NDB/T22
NDC/1Z2Z
NDS/12Z
NDR/122
NP/122

178EC
1/SEC
1/8EC
T/78EL2=]N
T/SEC2eIN

1/8EC
FT/SEC2eln
FT/SEC2=IN
FT/SEC2=]M
FT/SECR=IN
€7/56C
Fr/86C
FT/SEC
1/SEC=FT
1/SEC=FT
1/SEC=FT
1/78EC2=IN
1/78§EC2~1
1/8EC2~1IN
1/SEC2wIN
1/8EC
t/8EC
J/SEC
1/SEC=FT
1/SEC=FT
1/8ECeFT
1/7SEC2w1IN
1/SEC2=IN
1/78SEC2eIN
t/SEL2~1IN
1/SEC
1/78¢C
1/8EC
1/SEC~FT
1/8EC=FT
1/SECwFY
1/SEC2w]1N
1/7SEC2=IN
1/SEC2wIN
1/SEC2¥IN
1/8EC
1/SEC
1/8EC

I

IN

I

IN

DEG,

DEG,

APPENDIX E

TABLE E2.- Continued

(h) Z = 1500 ft/min

Value of parameter at

=.15317 . 25770 =, 15902 =, 01909 .00015 | #,00206
2.711587 2,254214 2,38042 2,56756 2,14702 | 2,15680

218750 232039 W0126% «,29025 =, 14285 |, »,02961
200158 «,00314 00012 +00315 w 00224 | »,00068
., 07062 -, 11938 = 13165 =, 10946 v 05484 | @, 06448
«N0262 00314 200489 200556 400283 i 00157
=,10498 094658 01246 07303 +10388 | ,0598%
05840 W03126 02036 +03138 «06996 , ,02398

1.13235 11.1&0!7 1.186192 f.1418p 1410425 , 1,08610
2207958 | =,048088 -, 03742 =, 03764 ®, 04912 | e,07742
(2,48777 @2,00972 |(=1,87631 e2,01318 [»2,50597 =2,77681

+21930 L19143 | +,00879 | @,18584 | *,14420 | w,01293
l .. 289839 | e,22786 | =,19906 | «,20777 | e,25876 , w,29743
| .320118 ,22260 | «,00071 | »,19492 | »,20513 , «,08104
| J004%8 | 03223 05001 | 04T ,01072 , ,00389
. maS1971 , =,17691 | =, 07840 | «,22149 ., =,603547 . e,a4712
(*1,17810 | =,07824 205782 | ,14879 | 1,11038 L,81090
=6,10251 [#B,19191 («8,96407 |»8,29551 [=6,06191 =8,26064
l ®, 00081 ; =,00202 | ©,00298 | =,00380 | =,00101  »,00065
| =a00050 . «,00008 100005 | .00029 ,00109 L00019
L89058 | 1,56017 | 146288 , 92736 L84249 ,26800
=2.06578 | 215689 | ,30006 [«1,53202 | 2,76487 . 87460
128744 {=2,66746 | 22757 | 3,17985 f 2,04955 |, L61984
«,00100 | ,00034 | 00126 | =,00086 =,00053
-,0052%5 ]-.005!2 | -, 00503 ", 00US6 -, 00438
00074 WV0133 | ,00193 00179 1 ,0N200
«.03626 | =.0{966 ; ,00234 | ,02361 . .02049
=,01215 { *.02236 | «,01902 L0108 , ,00797
41685 | 41639 ] LU1053 | 40142 | ,39790
@,14593 | e 14015 | =, 13292 | =,13185 | »,13710
| =.88488 | = 78829 | oleira? | =,94006 «1,00854
.13200 | L07050 ;. =,00570 . =,04341  ,05550

]

-, 06989 & »,05083 06155 -, 07505 ' =,08777

b,63529 5,5R860 4,78880 3,76925

8,47551¢
., 16059 =,32271¢ =,38098 =, 32605 e, 14862 -,08178

* DERIVED oY FITTING A THIRD ORDER CURVE THRQUGH =uf, =20, +20 AND 40 VALUES,

92

ORI G om0 T W W TR T — e e, T '

-40 -20 *0 20 40 60
06741 [« 0u060 | e,00922 L00887 | =,00417 | «,01753
« 00111 | =,00372 | =,00533 | »,00455 | =,0200t 00024

07101 .01863 L01083 .02725 £050590 04839
W31431 L1181 L08045 .09819 206819 L11574
1.02015 | 1,23941 | 1,08247 .68503 47938 51759
T LYY L00029 .00033 ,00025 200010 I .000086
00010 J00014 L00018 L0607 207005 .000086

|

i
!
!
i
|
|
!
I
i
1
|
I
i
'

. 02083 JORBTL 01853 | «,00845 | -,00997

-, 00322 00074 L00447  ©,07010 | «,00045
-, 01391 200497 L02138 | ,00831 01045
30747 27322 30482 | 39801 | 41458
L10948 201182 | «,07582 | 27172 | 24353
200002 { =,00001 | »,00003 | ,00004 . 00003
00037 00051 L00053 ,  ,00034 ; ,0%019
-, 16680 | «,01533 10070 | 06665 | 02884
v1,52095 |»1,61079 [e1,54082 .+3,31252 .=1,55120
07924 .10989 L1188S , ,07457 . ,01911
01048 | »,00053 | «,00009 00066 ; ,00062
., 00238 | *,00045 L00138 | ,00015 . »,00023
,00054 L00003 | =,00033 | »,00029 | =,00053
,03286 , 03945 ,03373 | 01468 .00283
=,00499 .00063 (00468 | »,01083 | *,01299
00746 £00895 ,01003 to0897 | .o0704
20378 20429 420095 L19627 | ,19086
.,00028 | »,00406 | «,01155 | #,01370 ; »,01208
=.09659 | < 11613 | ~,10038 | ,04748 | ,00892
00008 | ©,04133 | «,00247 | ©,04118 | ~,03648
1,23447 ©,39910 |*1,93606 ,=2,22340 j=1.26945
3,00077 | 3,71157 | $,32942 | 2,21657 | 1,63432
17386 WA7746 | 13872 L0B715
07128 V337584 .3Baus L19283

80

-, 02172
L00038
0U40q
13523
15622
.00005
L00005
e 00342
2,13918
., 01190
L,00014
=, 08221
L00101
.03108
+0033¢
1,07374
-, 10347
-2,80331
11223
., 29775
., 04012
.00324
-, 08914
«T17170
-9,51718
«, 07085
00040
«18979
22059%
36781
-, 00054
-, 00450
£00213
,01850
00627
«39577
., 14259
.1,01475
. 05265
-, NBAbY
., 00468
«,00013
201253
NETLT]
L22754
.00002
.00019
L01873
wl,66254
,01204d
L00054
., 00049
. 00067
=, 00314
., 01138
00529
18848
00884
,03580
0 03487
. 75931
1,5199a
JObELE
,08000
2,46475
08156

X, knots, of

100

*,02554
«00065
03834
15794
22619
200006
200009

», 00128

2415284

00454
00078

., 10085
«00029
«00480

», 00240

1,06570

12379

2,72393
24348

-,28642

-, 02467
,00353

p10,85679
=, 00128
200021
s15814d6
=1,09801
«294306
=,N0019
=,00u88
200229
.01503
. 00485
39400
-, {4647
~, 99269
04320
-, 08597
=,00416
,00027
201738

,19940
00002
.00025
L015u8
“1,79803
01071
L,00049
-, 00072
®, 00109
“,00%30
~, 00639

L00393

18654
-, 00651

+0S6U}
», 03404
-, 33934
1,61a78

05070
., 01772
1,15994
. 11354

L45088

00124
,0507¢
J14176
39962
00018
00018
., 00299
2,25501
«,013871
L00092
=, 11589
,00100
v, 01019
L00943
1.,05052
", 11798
=2,52316
31008
»,26708
00209
L,00480
n,72710
92580

R11,70306

-, 00212
.00038
£10781

=1,0000%
26251

®, 00034

«, 00506
,00231
01283
200687
59048

., 14357

., 93690

., 02504

., 08085

-, 00309
00059
01646
47363
18292
.00003
00043
01339

. el ,Bl249

.01299

L,00036
., 00095
*,00095
.,00409
., 00211

,00418

L18428
., 00799

,05930
., 03449
v, 06769
1,92697

L0640t
», 08038
1,0788%
. 1884

!

{ 140
», 03883
00224
05888
J1u821
J48001
00024
00019
«,00218a
2,284%0
»,01828
£00104
= 13964
00327
v,02517
«0uBs3
1.04437
e, 110064
«2,22275
37618
=,23358
11
00504
«,74050
25436
m11,80640
-, 00322
,0002%
209080
=-412008
. 13899
-,00026
., N957
,00264
+0N8AY
01318
«388%8
-,14104
85413
00411
=,07098
®,00165
L,00088
01850
U733
221377
L00005
00062
$01278
w1,76339
J00923
,00029
v, 00112
., 00072
00250
(00304
L00459
L18326
., 01178
L04513%
v, 08539
06782
2,4%9518
,09695
w,15413
41977
e, 30363




APPENDIX E

TABLE E2.- Concluded

(i) Z = 2000 ft/min

Value of parameter at }'(, knots, of

Param- Unit
eter 120 140 160
CXusM | 178 L 2.03210  =,03Bd2[ =.0a3h&
XV 1/8EC. 001008,  ,00235] 00333
Xw/M 1/8EC ,05783 06509 +0U2H0

x0B/M. | FTIZ8EC2-1N]
x0C/M | FI/8EC2e1IN]

. pluibtd . 1505800 . ,1uBi2e
| _ L5099 __ 649711 . L 14A77L

XDS/M ET/BEC2wIN| L0001Y 00032 00019
XDH/M FT/SEL2wIN 00014 00023 _,00021
XPAM FI/SEC | m 00468 =, 00421 e,00018
xQ/M FT/8EC 2,1330%  2,18169] 2,33730
XR/M FT/8LC N i . 00577 =,01057] w=,01479
YueM o | A/SEC | ,00173 { =,005B% | =,00089) ,00541[_.e,00177, e,00041] _,00033 __ 00084 __, 0010 . L00118| __ 00130
$374.} 1 178EC. . | =,05914] e=,121863 e 14042 -,11564 = 04739 =, 08100 -, 019989 .,11907 ., 13875 », 15958
Ya/M 1/86C . | .,00112] L0053& ,00932 00930 00158 2,0000%8] «,00011 .00074 00248 L00439
YOH/M FT/SEL2=IN| »,08680| =,07426 01212 $ 09234 08278 L _ 401565 «,0094% =,02409 »,03803 w,06418
YOL/M FTL8EC2eIN] 04402 $00385 | =,01157 200115 L0460 | . 01545 «,0232% w.,01110 .03125] 06590

Y0OR/M FT/BEC2=IN 1,111331 t.16572 1,17450 1,16462% 1,0894%
YDR/M F1/78ECR2mIN =, 06637 =, 084471 »,0599! ® 05686 =,059491

1,05365] 1,04068 1,02308 1,01103) 1,03916
P ome 11967 9,14290  « U099 », 13950, . =,1319t]

YP/M FT/8EC =2,85417 | =2,14288 | «1.87861 | «2,10408] «2,86207, =3,08002] =2,97030 =2,74433 =2,42021 #2,07608
YQ/™ FT/8EC 218856 3771 02542 =,33390 ~e10081 16281 «27478 233702 41111 020106
YR/™ FT/9EC = 52007 . 26477 19242 18205 - 30665 ®,32602 »,31047 =, 28792 =,25047, »,207597
Zusm 1/8EC + 30299 221887 =, 01843 =.2118¢ -, 16494, »,03036 w,01330) J01087 03054 03503
Iv/™ 1/8EC +00n90 06327 10008 08775 00282 «00057 00150 00342 .DO“G“! 00482
YA VA J/78EC = ,56818 e=.109121 . ,02341 =,15034, =,61310.. L «.492280  «,735454 -, 76482 =, 73642, =, 70289
I0R/M F1/8ELR2aIN =, 93604 . 04927 J08102 «13049 89535 . b +bH99L «h224 59427 28547 25111

IoC/m FT/SEC2=IN| «6,27516 | =8,07221 | «9,21060, ~8,57821 | «6,66292,
I08/M FY/SEC2=IN]  =,00033 »,00275 -,00403 =, 00354 °,00066

«9,70769] =10,6460% «11,50169 =11,98186/ »11,45817
=,0002% *,00052 -, 00199 =,00374 -, 00351

ZDR/M FT/8EC2eIN| =,00021, =,00004 .00012 .00051 .00056 . «00000 200047 00064 100034, 00056
P/m FT/SeC #39251 | 2435991 | @2.467231 351900 34216 «03118/ 0 11910 209241 $08160; 207518
}1-Vi,] FIZSEC _ .| =1, 88570 3,4150% | L16714| =2,90616| 2,67839, 172691 =,10184 <, 34164 =, 34154 224719
ZR/™ FT/3EC =, 68648 | =3,%9722 L54099] 4,46180 B74R2, 410208 215601 .28534 T17974) 202887
LU/ZIXX | 1/SECeFY 00032 =,0016] .00057 W002211 «,0n074° =.00032]  =,00021 =,00039 =,00033, =, 00017
LVZIXX | 1/SECFY =, 00402 | =,00497 ] «,00499] =,004%4] e,00407: =, 00391 =,004138 ©,0045Y «,00514] w,00631
LW/IXX | 1/SECw=FT 200099 00124 200250 00322 200185 ] 00229 100239 00249 200282 00277
LDB/IXX | 1/8ECR2=IN 02974 s 04092 -, 02015 00858 02288, 01999 ,01748 201547 400982  =,00329
ADL/IXK | 1Z8EC2=1N . 03137 ) ~,028321 012990, L0n9b2 200979 01144 LOLB10; 201708
LO9/IXx | 1/8ECR=IN 41969 41161 +39806 | + 19134 +38687 .3043) J38123) .38808

LOR/ZIXX | (/8EC2=IN

= 148213 “.13323,  =,13290,
LPZIXX {/8EC

s, 14459 -, U877 o, 14644 -,1uu7o{ -, 14588
-, 78941 »,083989  e1,03004

“l,0865h #1,0566¢2 .,99569 -, 90881, e,81362

LQ/IXX 1/8EC 06028 e, 06739, «,05514. ., 06092 -, 05097 203533
LR/IXX | 1/SEC =, 09530 [ «,0781t «,05610| =,0%5232 =,08980 09727  =,09317 ., 06304
MUZIYY |_1/SECeFT 00765 202819 .0§b°l, 02364, = 00727, ., 00u40% .. 00354 ©,00168; «,00103
My/ZIYY 1/5ECeFT .00094 | =,00599 00131, L0080 «, 00076 -, 00030 00013 100074) ,0010%3
Ma/TYY 1/SEC=FT -, 00%u7 ", 02043 'oosqs‘ 02987 J00762 J01187 01339 01848 .01638
MDR/IYY | 1/SEC2eIn | .38894 29086 25784 L2R787 J37RQ0, 3216 L4550 47529 L3128
MDC/IYY | 1/SEC2=IN . =,22218 .18325 01483 -, 15312 25369 20975 20787 22199 16798
uDS/IYY! 1/5EC2=1N | =,000G1 00006, w,00000] e,00006, L0001 ,00000 (0000 000086, 00006
MDR/TYY| 1/SEC2=1M | L00011 200048 00067 $000861° W00016 L00004 L0001 00074 L00068
MP/IYY | 1/SEC -, 03520 | e,23178  =,03060 18870 04683, =,00245 £00432 0122 L01217 03119 01222
MQ/IYY | 1/SEC “1,32501 | =1,72901 | «1,88762] +1,77125! ~1,3u986 =1,55299 wi,65381 «1,71055 e1,759%4 a1,75897) w=i,6i1366
MRZIYY | L/SEC .02571 $ 19217 23723 21576 02264, w, 00272 200033, 00639 .01297% «00928 (00624
NU/ZIZZ | 1/SECeFY L00046 | =,00092] ,0010%| «,00035 .00075] L 00063 .00057 20008 ,00043 00038 ,00023
MV/122 | 1/SECeFT «, 00098 | =,00232, w,00048 $00143 L00006, w=,00030 w,00058] =,0008 «, 00107 w, 00124
NW/IZZ | L/SECwFT .00088 .00083% 200001 w,00070| «,00037] w=,00068 =,00083 =,0009 -, 00087 -, 006061
NDB/I1ZZ| 1/SEC2wIN 200497 03087 04044 203229 00522 ., 00649 »,013068 w,0161 -, 01501 00192
NDC/12Z| 1/8EC2=IN L,01378| =,00807| «,00002 007147 w,01742, =,01777  «,01689 =,0148 », 01033 00372
NDS8/12Z| 1/SEC2eIn |- L0079 00728 .00890 «01010 L00820[  ,00832 00410 .0025 ,00254 L00322
NOR/122| 1/8EC2aIN 219537 20472 20648 20172 19160 «18810] L 18487 L1824 L 17924 18216
NP/122 | L/SEC 020350 =,00103] «,00292] =,01209{ =,01458] =,00874 =,00548] +,003% ., 00209 ", 00919
NQ/122 1/5¢tC 00332 ~,07806( «,10614| =,08390( @,00766 . 04696) 407417 0854 .08949 203968
NR/12Z | 1/8EC ©, 03942 | ,04289) «,04631| *,04567( »,03701] «,03287 «,03191} =,0317 -, 03253 »,0349S
08 IN 1,667830 1,87498] =,u3935) =2,65135 *1,91699| «1,12728] =,569531| +,3833 =, 15859 10874
oec IN 1.63934] 3,22173] 3,729360] 3,15133) 1.,47707 «27895] LBEULS 9847 1,29634 1,85948] . 2,85458
DS IN L04364 12263 17790 17592 .08323 o 04185 02220 L0130 . 03201 ,06899

oR N =, 33562 =,38135 .07879 47927 233457 17204 07369 =,0020 »,0079d w,10731

THEN OEG, 8,21096| T.68382( b8,67365| 5,61325( 4,93539) 3,9%5243 2,81267 1,5664 $.51334 89782

PHIN DEG, *, 06388 | ©,30197| =,38678| =,30882| w,05863| w, 00481 e,01180] =,0507 w 13447 =, 25970

* DERIVED BY FI{YINB A THIRD ORDER CURVE THROUGH el0. =20, +20 AND +40 VALUES,

93
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