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FOREWORD
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Development Center (AEDC), Air Force Systems Command (AFSC),
Arnold Air Force Station, Tennessee,

The results presented were obtained by ARO, Inc. (a subsidiary of
Sverdrup & Parcel and Associates, Inc,), contract operator of AEDC,
The apparatus was developed under ARO Project No. VA017, and the
wind tunnel tests were conducted on May 9, 1972, under ARO Project
No. VA206. The manuscript was submitted for publication on
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This technical report has been reviewed and is approved.

JIMMY W, MULLINS A, L, COAPMAN
Lt Colonel, USAF Colonel, USAF
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ABSTRACT

A description is given of a forced-oscillation, dynamic-stability
test mechanism for measuring the moments and forces due to roll
velocity on lifting configurations. The mechanism can support models
with a combined loading of up to 1200 pounds of normal force and 300
pounds of axial force and is water-cooled to permit testing in hyper-
sonic tunnels, Bench tests were conducted using a magnetic calibrator,
which indicated that the mechanism could precisely measure the rolling
moment, yawing moment, and side force due to roll velocity, Wind
tunnel tests were conducted on an AGARD Model B at Mach numbers of
2, 3, and 4 and at angles of attack from -4 to 11 deg to verify the design.
Results of these tests indicated good agreement between the experi-
mental and theoretical values of the roll-damping coefficient, but the
cross derivatives (yawing moment and side force) due to roll velocity
could not be obtained for this particular model because of an adverse
coupling of the roll and yaw natural frequencies and a large product of
inertia of the model.
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Pitching-moment coefficient, M/q,Ac
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Rolling moment due to roll angle, 8L/8¢, ft-1b/radian

Rolling moment due to rate of change of roll angle,
9L/ 08¢, ft-lb-sec/radian

vii



AEDC-TR-73-49

R

Moment about the model y axis (pitching-moment), ft-1b
Free-stream Mach number
Moment about the model z axis (yawing-moment), ft-lb

Yawing moment due to sideslip angle, dN/85,
ft-1b/radian

Yawir.lg moment due to rate of change of sideslip angle,
aN/a8

Yawir}g moment due to rate of change of roll angle,
ON/9¢, ft-lb-sec/radian

Yawing moment due to yaw angle, 8N/8¢, ft-1b/radian
Yawirolg moment due to rate of change of yaw angle,
aN/dy, ft-lb-sec/radian

Rolling velocity, radians/sec

Tunnel stilling chamber pressure, psia

Tunnel free-stream dynamic pressure, 1b/ft2

Tunnel free-stream Reynolds number based on ¢
Tunnel stilling chamber temperature, °R

Time, sec

Tunnel free-stream velocity, ft/sec

Body-fixed axis system

Location of forward and aft yaw strain gage electrical
centers, respectively, ft

Location of moment reference point, ft
Side force, 1b

Side force due to rate of change of sideslip angle,
8Y/ 988, 1b-sec/radian

Side force due to rate of change of roll angle, 9Y/ ad.z,
lb-sec/radian

Angle of attack, deg
Sideslip angle, radians

Phase angle between yawing moment, N, and roll angle,
¢ (positive when N leads), radians

viit



A()

SUBSCRIPTS

[

mag

N = N K

AEDC-TR-73-49

Phase angle between input torque, Ly, and roll angle, ¢

(positive when Ly leads), radians or deg

Angular displacement about the x axis (roll angle),

radians or deg

Angular displacement about the z axis (yaw angle),

radians

Model angular oscillation frequency, radians/sec

Model ~flexure natural frequency in roll at vacuum

conditions, radians/sec

Model-flexure natural frequency in yaw at vacuum

conditions, radians/sec

First and second derivatives with respect to time, t

Amplitude

Probable error

Aerodynamic
Balance

Flexure

Magnetic calibrator
Resolvers

Static

Forward balance section

Aft balance section

ix



AEDC-TR-73-49

SECTION |
INTRODUCTION

The advent of high performance, supersonic military airplanes and
reentry lifting bodies such as the F-15, the B-1, and the Space Shuttle
has created the requirement to develop new dynamic-stability test mech-
anisms for the von Kdrméan Gas Dynamics Facility (VKF) continuous-
flow wind tunnels. To meet the requirements for large lift loads and
relatively large damping moments, and to maintain compatibility with
expected model configurations, the forced-oscillation technique has been
selected. This is a proven technique currently being used at VKF for
measuring damping coefficients due to pitch and yaw rate on configura-
tions with relatively low lift forces (Ref. 1). This report covers the
development and checkout, including wind tunnel verification testing, of
a mechanism used to determine the coefficients due to roll rate (rolling
moment, yawing moment, and side force) on lifting configurations,
This mechanism can support models with a combined loading of up to
1200 1b of normal force and 300 1b of axial force. Although this mech-
anism was designed primarily to obtain dynamic measurements, the
technique employed also produces five-component static force and
moment data, The mechanism was primarily intended for use in the
VKF supersonic and hypersonic wind tunnels (Mach 1,5 to 12), but it
can be used in the Propulsion Wind Tunnel Facility (PWT) transonic
and supersonic tunnels (Mach 0. 2 to 4. 75).

The wind tunnel verification tests were conducted in the VKF
Supersonic Wind Tunnel (A) at Mach numbers 2, 3, and 4 on an AGARD
Calibration Model B. A test mechanism to measure the pitch and yaw
stability derivatives on high-load configurations has also been developed,
and the results are reported in Ref, 2.

SECTION i
APPARATUS

2.1 TEST MECHANISM

The VKF 1.D roll-damping test mechanism (Fig. 1) utilizes awater-
jacketed, five-component balance, twinbeam flexures, roller bearings to
support theloads, and electric printed-circuitdrive motors. The motors
aredirectly coupled to the balance and supply upto 120 in.-1b roll moment
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to oscillate the system at amplitudes up to £3 deg and at frequencies
from 2 to 20 Hz. The twin beam flexures mount from the stationary
sting to the oscillating water jacket and provide a restoring moment
which cancels the inertia moment when the system is operating at the
natural frequency of the model-flexure system. The flexures are
instrumented to measure the roll displacement. The entire mechanism
is water-cooled to permit testing in the hypersonic tunnels.

Two five-component balances have been fabricated for the system
to provide good balance sensitivity over the load range. Both balances
utilize outrigger beams in the yaw sections (Fig. 1lc) and thin-ribbed
flexures in the roll section to provide sensitive yaw and roll outputs
while maintaining large normal -force capacity and rigidity in yaw.
Semiconductor gages are also utilized for the yaw and roll sections for
additional sensitivity. The load capacity of the two balances is listed
below:

Normal Pitching Side Yawing Rolling
Balance Force Moment Force Moment Moment
-59 500 1b 1125 in.-1b 40 1b 84 in.-1b 10 in.-1b
-60 1200 1b 2700 in.-1b 100 1b 210 in.-1b 100 in.-1b
I 11.25 i
Ba ance Water Jacket
traln Gaged Beam Flexures Water-Cooled Sting |
L7500 Water-Cooled Sting Adapter Jorqua-Shat
1. 7497 |

eedle Bearings Water Jacket T

Five-Component Balance
Thrust Bearing -~ and Balance Leads

All Dimensions in Inches

Two Printed-Circuit
wdors and Tachometer

e \/ [ gliw
_ __ Il 1] ¢ ]
e
[T Fare|
0 ] 10
Scale, in.
a. Details

Fig. 1 Test Mechanism
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Water-Cooled Sting Adapter

Beam Flexure

Balance Water Jacket

A KDEC
7059-72

b. Photograph of the Flexures and Water Jacket

Pitching-
Moment
Roll Gages

Section

Mechanical Stop—/

Outrigger Beams _J
(Yawing-Moment Gages)

c. Photograph of the Balance
Fig. 1 Concluded
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2.2 INSTRUMENTATION

The forced-oscillation instrumentation described in Ref, 1 was
modified to improve the control and monitor systems and thereby to
provide more accurate data with less computer time required. These
changes were made by using an electronic analog system with precision
electronics. The control, monitor, and data acquisition instrumenta-
tion is contained in a portable console (Fig. 2) that can be easily inter-
faced with the instrumentation of the various wind tunnels.

AEDC
BHOG-T2

Fig. 2 Instrumentation Console

The control instrumentation provides a system which can vary the
oscillation frequency, oscillation amplitude, and roll position of the
model within the flexure limits, The oscillation amplitude is controlled
by an electronic feedback loop which permits testing both dynamically
stable and unstable configurations.
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Data are normally obtained at or near the natural frequency of the
model-flexure system; however, the electronic resolvers used permit
data to be obtained off resonance. A schematic of the data acquisition
system is shown in Fig. 3. The gages on the balance and flexures are
excited by d-c voltages, and outputs are increased to optimum values
by d-c amplifiers, Typical balance and flexure outputs from an oscil-
lating model are composed of oscillatory components (OC) superimposed
on static components (SC). These components are separated in the
data system by bandpass and lowpass filters. The SC outputs are sent
directly to the tunnel scanner and computer, which calculate the static-
force and moment coefficients, CN, Cm, CY, Cn, and Cy. The OC
outputs are input to the resolver instrumentation (Fig. 3b) and the pre-
cise frequency-measuring instrument which were developed at VKF,
The resolvers utilize very accurate analog electronic devices to
process the OC signals and output d-c voltages, which are proportional
to the amplitude squared, the in-phase and quadrature (90 deg out of
phase) rolling moments, and the quadrature yawing moments. A switch
is also provided in the resolver system to bypass the phase shift net-
work so that the in-phase yawing moments can be determined., The
resolver and frequency outputs are read by the tunnel scanner and sent
to the computer. The frequency instrument controls the length of the
data interval in increments from approximately 2 to 25 seconds, during
which time the scanner reads each input approximately 10 times per
second. The average values of the readings are calculated by the com-
puter, which then uses these average values to calculate the dynamic
coefficients Cyp_ + Cﬂé sin o, Cnp + Cné sin o, and CYP + CYB sin o

as described in Section 3. 1.

2.3 MODEL

The model used for the wind tunnel verification testing was a
4, 5-in.-diam AGARD Calibration Model B (Fig. 4) which was obtained
on loan from the Cornell Aeronautical Laboratory. The body is a
tangent ogive cylinder with a fineness ratio of 8. 5. The 60-deg delta
wing has a symmetrical, circular-arc cross section with a thickness
ratio of 0,04 and a span of four body diameters. The model was con-
structed primarily of aluminum but contained some steel for additional
strength at the wing mounting location. The model was mounted to the
test mechanism in such a way that there was a distance of nearly 4.5
body diameters from the model base to the sting flare,
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2.4 WIND TUNNEL

Tunnel A is a continuous, closed-circuit, variable density wind
tunnel with an automatically driven flexible-plate-type nozzle and a
40- by 40-in, test section. The tunnel can be operated at Mach num-
bers from 1,5 to 6 at maximum stagnation pressures from 29 to 200
psia, respectively, and stagnation temperatures up to 750°R (at M, = 6).
Minimum operating pressures range from about one-tenth to
one-twentieth of the maximum pressure at each Mach number. In most
instances, Mach number changes may be made without stopping the
tunnel. The model can be injected into the tunnel for a test run and
then retracted for model changes without stopping the tunnel flow.

SECTION M1
PROCEDURE

3.1 DATA REDUCTION

The test mechanism operates basically as a cne-degree-of-freedom
system in roll (body axis system); however, it is obvious that for the
balance to measure the dynamic yawing moments it must also deflect in
yaw. Therefore, both the roll and yaw equations of motion must be con-
sidered. These equations can be simplified considerably if the balance
is made very stiff in the yaw direction and the system is not operated
near the natural yaw frequency (w,, > 1.5w). With these conditions it
is assumed that v

singd = ¢
U K &

Nlllb >> Nl,bﬂ

N ¢=0

el
Now-the roll equation of motion can be written
" _ . ’ . . - L . : - L . l,. = 'I'_‘
[& L¢a + IB, sin a ¢)é (Basma+ ¢)¢ b 1)
which is independent of yaw. The yaw equation of motion can be written

N\ [Zl,.b- + [,,¢ - (N(;,;+Né sina+1‘¢;)<l{;_ NBsinagb = l\‘(!,ht,/l )

¥ o< Z _ 10
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The solution of these equations for a system oscillating at a steady-
state condition at some amplitude, 9@, may be written

& = & coswl
I"h = I‘b cos (tut— ’,’) (3)
Y cos(wt + 1)

o

Now substituting in the roll equation gives

-Eﬁ siny-[.: m-1
5 9’; w (4)

i —-Ecos + L @ \? .
(Lgsina), - = cosy |¢{[(wn¢) } )

where -L¢f/(wn¢)2 has been substituted for I, The terms (Tp/¢) sin ¥

and (Ly/$) cos ¥ can be obtained directly from the resolvers (Fig. 3b)
by dividing outputs 3 and 2, respectively, by output 1 and the appropri-
ate balance calibration factors, L¢f is determined in the flexure-

(L"; + ]..B. sin ‘;).1

and

balance calibration, and L¢',f and Wy s C20 be obtained by evaluating the

system at vacuum conditions in a manner similar to that discussed for
pitch in Ref, 1, The damping of the beam flexure, L(f',f, varies inversely

with frequency (i.e., Léfw is constant), which is the same result found
for cross flexures in Ref, 3.

Now substituting Eqgs. (3) in the yaw equation of motion (Eq. 2) and
taking the quadrature (i.e., sin wt) terms gives

(Ng + Ng sina), = - J;;r g, + 1] - N ©)

Now substituting -1\'¢,b/ (wnw)z for I, and realizing N¢b ¥ is the

moment measured by the balance, N, Eq, (6) can be written

N sin T 2
. - = 1,2 @ .
(16 -6 sne)e, = - 5o [‘ ()] I “

11
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where 1 and 2 denote moments obtained from forward and aft yaw sec-
tions of the balance, respectively. The terms N1 9 sin I'/¢ are obtained
from resolver outputs 4, 5, and 1 (Fig, 3b), v, v can be obtained by

wind-off, free oscillation, and N¢f can be obtained by evaluating the sys-

tem at vacuum, The side force due to roll rate can be determined from
the two yawing moments obtained from Eq. (7) as

. L (Né. +Nﬁ} .~-ina)d2 - NCA + Nﬁ .sina).‘l
(¥g + v4 =i a), - ==y (8)

1 2

It should be noted that although the in-phase terms of the yaw equa-
tion were not required to obtain the desired data, they can be important
in two respects. First, if the product of inertia term Iy, ¢ is large, it
produces a large yaw-forcing function which increases the yaw ampli-
tude in such a way that the balance capacity is reached or the assump-
tion that ¢ << ¢ may be invalidated. Second, a portion of the in-phase
terms is inherently included in the out-of-phase measurement because
of resolver uncertainty, and thus it is desirable to minimize the
in-phase term in order to get better data precision.

The parameters obtained in Eqs, (4), (5), (7), and (8) can be
expressed in coefficient form as follows:

(Lq,; + Lg sin a)u (2\-'°°)

Cp + Cp+ sina =
Ep VBSG

qm-‘\h2
Lg si
& sina - BT
B Qoo A

c c ; [(Nt;;) 4 NB. ~in a).‘l (x“- xz) - (Né + i\B sin a)"2(x“ - xl]z\

nP ¥ nB sma = (x] - xz) Ay Ah2
e v

¥, * Cygsina = o, Ab

In the preceding analysis the balance input torque, L}, and yaw-
ing moment, N, signals have been assumed to be the first harmonic
of the oscillation frequency, w. Because of nonlinear aerodynamics,
tunnel noise, flow perturbations, etc., these signals are often com-
posed of higher and lower harmonics. However, the resolver system

12
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(Fig. 3b) eliminates the higher harmonics, and the lower harmonics
can be eliminated by averaging the data over a sufficiently long interval.

3.2 CALIBRATION AND BENCH TESTS

A complex balance calibration was required, which involved cali-
bration of the balance and flexures separately and then in combination
to determine all the calibration constants and interaction terms. For
the present balances, the interactions affecting the dynamic measure-
ments were small and usually negligible.

Bench tests were conducted with the system to determine its capa-
bility in measuring the dynamic quantities. A VKF-developed two-arm
magnetic calibrator was used to produce known moments and forces
proportional to roll velocity. A signal coil, input coil, and feedback
loop were used in such a way that both stable and unstable roll moments
could be produced by changing the phasing of the input coil on both arms,
By changing the phasing of the input coil on one arm only, a side force
and yawing moment proportional to the roll velocity could be created.
The magnitude of these forces and moments could be varied by changing
the gain in the feedback loop.

3.3 WIND TUNNEL TESTS

Tests were conducted on a 4, 50-in.-diam AGARD Model B at Mach
numbers 2, 3, and 4, at Reynolds numbers 0, 76, 4,08, and 5, 38
million, and at angles of attack from -4 to 11 deg. The data were
obtained primarily at an oscillation amplitude, ¢, of 1.2 deg and near
the roll resonant frequency (i.e., v = 90 deg); however, some data
were obtained off resonance (20 < 4 < 160) to check the resolvers.
Wind-off data were obtained several times during the test to evaluate
the flexure damping, L (ﬁf' and roll natural frequency, wn é° A summary

of the test conditions is presented in Table I.

TABLE |
SUMMARY OF TEST CONDITIONS
Mach Pos To: Qs Vm: 6
No. psia °R o/ft2  ft/sec Re, ¢ x 107 a, deg
2.00 19 562 979 1732 3.99 -4,5 to 10.3
3.01 32 562 784 2086 4,05 -4.4 to 11.0
3.99 10 562 107 22617 0.76 -4,3 to 10.9
4,02 55 562 575 2271 4,10 -4,3%t0 10,7
4,03 72 562 746 2272 5,34 -4,1to0 10,1

13
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SECTION IV
PRECISION OF MEASUREMENTS

The uncertainty in the measurements is a function of the precision
of the calibration constants, instrumentation accuracy, repeatability of
the flexure characteristics (wind-off data), and the frequency and phase
relations., The uncertainties in the dynamic data as a result of the propa-
gation of these errors (Ref. 4) can be written as follows:

. 2
A(l.qé +Lé .s.in a) ) (2.00 ) 10_4) e AL¢.‘ | ) (&)2
(1‘95 + LB sin a) @é + LB sm&j tan y

sin @ Amn L
‘A—(]‘;%;T,E) . (2.?0 x 10%) - 1(&, ¢)(Lﬁ i'na)

2

%
A(N . = Np sin a) "‘\Nc; 2
¢~ "B - 4 (oo x 10°4) - J
(Nq;+ Né sina) v (Nd;+ Né <in @

" -2
. < 2
N wn,
+ l— (Al" +—u——) + 10"[(—"’) - 1]
tan | rooNg, w
Y

The uncertainty of the calibration constants (0.5 percent) and
instrumentation uncertainties are combined in the first terms of the
above equations. The second terms are uncertainties in the flexure
characteristics. The third and fourth terms are uncertainties attribut-
able to phase relations and assumptions. The resolver uncertainty is
approximately 0. 3 deg (A'Yr = AT, = 0.0087 radians), but during the
bench tests the system could easily be adjusted to maintain uncertain-
ties within 0, 25 deg.

It is apparent that the most accurate roll-damping data

(Ld; + Lé, sin @) are obtained at the resonant frequency (v = 90 deg), but
the precision is not affected significantly if 30 <+ < 150. The uncertainty

14
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in the cross derivative (ng + Né sin @) can be drastically affected by the
phase and frequency relationships. As stated previously, the oscillation
frequency, w, must not be near the natural yaw frequency, and the in-
phase yawing moment needs to be minimized (i.e., as the in-phase
moment increases, I' approaches zero) to obtain good data, The yaw-
damping term, Nd;zﬁ, which was omitted in the data reduction equations,

is small but may cause an error in the phase relation N ‘,;w/ N% of the
same magnitude as Al

Measurement of the tunnel model -support system pitch attitude is
precise within 0. 05 deg, based on repeat calibrations, Model attitude
corrections were made for balance and sting deflections under air load,
and the precision of the final model angle of attack, a, is estimated to
be 10,07 deg., The uncertainty in the static balance loads is determined
from a statical analysis of the data obtained during calibration, where
loads were applied in each plane and in combination, simulating the
range of model loads anticipated for the test.

The preceding uncertainties were combined with uncertainties in the
tunnel parameters and expanded using the Taylor series method of error
propagation to obtain the probable error in the aerodynamic coefficients.
The model used for these tests had a very large I to Iy ratio, and the
natural yaw and roll frequencies were approximately equal. The model
also had a fairly large product of inertia, Iy;, because of an unsym-
metrical mounting section. Balast was added to the model to increase
I, in order to separate the natural frequencies (wp, = 1.4 wy,), thus
permitting the system to obtain roll-damping data; but, because of the
large Iy, and adverse frequency coupling, the cross-derivative data
could not be obtained. The uncertainties in all the parameters are
presented in Table II,
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TABLE II
DATA UNCERTAINTY
Uncertainty
Parameter () Bench Tests Tunnel Tests
A0/Q at - AQ/() at _
() = max, % 40 at () = 0 () = max, % A0 at =0
L(;+Lé-sina 1.4aty=90| 0.00008 1.4 0. 00020
_ 16.2aty= 3
LB sin o --- --- 2.9 0.25
N+ N, si 2.0 0. 00005 --- ---
¢ B sin o 2
Y¢T+ Yé sin o 2.8 0.00043 --- Sz
Cﬂp"' Cﬁé sin a --- --- 1.8 0.0017
Cygsina --- - 3.1 0. 00052
CN = - --- 1.31 0.0028
Cm --- -—- 1,02 0.00028
|
SECTION V

RESULTS AND DISCUSSION

The results obtained in the bench tests are presented in Figs. 5
and 6. The roll-damping measurement shows excellent agreement be-
tween the measured value and the calibrator input value over a large
range of damping (Fig. 5a). The uncertainty in the calibrator is 2 per-
cent of the input value, which is approximately the same uncertainty
which Table II gives for the system. At the lower magnitudes the un-
certainty of the flexure characteristics becomes the dominant factor.
Figure 5b indicates that the resolvers can produce satisfactory results
even when the system is operating far off resonance.
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Fig. 5 Comparison of Roll-Damping Measurement
to Magnetic Calibrator Input
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Fig. 8 Comparison of Measured Yawing Moment and Side Force due
to Roll Velocity to Magnetic Calibrator Input
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Figure 6 shows the results obtained in measuring the yawing
moment and side force due to roll velocity produced by the magnetic
calibrator. Excellent agreement was obtained over a large range
of yawing moment and side force due to roll velocity (Fig. 6a) and
frequencies (Fig. 6b). The slight trend with frequency indicated in
Fig, 6b is probably attributable to the uncertainty in obtaining the natu-
ral yaw frequency. These data indicate that the cross derivatives CYP

and Cnp can be measured with this system; however, as shown in

Section 3.1 and discussed in Section IV, model characteristics such as
yaw natural frequency and products of inertia are very important in ob-
taining satisfactory data and must be considered in the model design.

The roll-damping characteristics obtained during the wind tunnel
tests on the AGARD Model B are presented in Fig, 7. Only the
Req,, c=4x 108 data are presented since no Reynolds number effects
were found. The roll-damping coefficient, Cﬂp + Cy }3 sin o, shows

that the model is stable and that the data are symmetrical about a = 0
for all Mach numbers, as would be expected. The magnitude of the
damping decreases as |a| increases at M, = 2 and 3, but the trend is
reversed at M, = 4. The magnitude of C'Qp + Cp_ﬁ"> sincata =0

decreases as Mach number increases, and the data are in good agree-
ment with theoretical estimates obtained from Ref. 5. The static sta-
bility parameter, C'QB sin a, is essentially zero at @ = 0, and the magni-

tude increases to produce more stability as || increases,

The static coefficients, Cy and C,,, are presented in Fig, 8 as a
function of angle of attack, a. Cjpy increases linearly with « over the
range tested, and the slope decreases as Mach number increases. C_,
also increases with @, with the Mach 3 and 4 data being at practically
the same level, whereas the Mach 2 data increase at a lesser rate.
The data are in excellent agreement with data presented in Ref. 6,
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SECTION VI
CONCLUSIONS

A forced-oscillation, dynamic-stability test mechanism was de-
veloped for measuring the moments and forces due to roll velocity on
lifting configurations. Bench tests and wind tunnel tests were con-
ducted on an AGARD Model B to evaluate the mechanism. Conclusions
based on the results of these tests are as follows:

1. The results of the bench tests indicated that the rolling
moment, yawing moments, and side force due to roll
velocity could be precisely measured by the mechanism,

2. The results of the wind tunnel tests indicated good agree-
ment between the experimental and theoretical values of
the roll-damping coefficient, Cgp + Cy B sin a.

3. Yawing moment and side force due to roll velocity could
not be obtained in these wind tunnel tests because of an
adverse coupling of the roll and yaw natural frequencies
and the large product of inertia, Ixz' of this particular
model. By careful model design, it will be possible to
obtain accurate values of the cross derivatives CYP and

Cn,:
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