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This report contains the reculite of fliopht teste of tre NNAoh
Lewis De Havillarnd Twiri Otter, Serial Number 04, The firet =1x
sections contairn information about the test arrplane, the techrniqgues
used for  data nathering, a laist o f symbols, ara  axes/sion
coanverntions. A brief descraiptiorn of the flioht test tecnniques used
by KSR are presented irn Section 7. The coefficients arnd derivatives

for the lorngitudinal axis are contained in Section 8.

Due to contract anc budgetary comstraints, only a portion of

the data acqouired could be arnalyzed. Thus, priority was pivern to an

=

aralysis of aircraft performance, ionuitadin

4
%

bl
et
Hi

ability., and a
selected asymmetric power sideslip maneuver showing rudder float
characteristices with awvd without ice. It should be rnotea that on
alil stability and control flagnte lateral—-directional data wac
acguired, however, these data were not analyzed for this report for
the reasons previously mentioned. It 158 our hope at KSR tnat furture

contracts wi1ll aliow us ta analyze this soditiorial data arc veraifv

it with simulation technigues.
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2.0 LIST OF SYMBOLS

SYMBOL

DEFINITION

longitudinal acceleration (body axis)
lateral acceleration (body axis)

vertical acceleration (body axis)
positive downward

wingspan
aileron span
elevator span

rudder span

wing mean aerodynamic chord (MAC)
average aileron chor

average elevator chord

average rudder chord

center of gravity

drag coefficient, D/%pvzsw

aCh/aér
A
GCh/r

)

lift coefficient, L/%pVZSw

GCL/aée

ac. /98 (‘,5‘—“)

L 2V
. qc
aCL/o (Zv)



LIST OF SYMBOLS (Cont'd)

SYMBOL DEFINITION
Cm pitching moment coefficient
c ac_/o (%—3—)
q
cm& aC_/d (%%)
Cm 6Cm/abe
6e
3
CP P/pn Dp5
2
CT F/pn Dpa
D drag
Dp propeller diameter
DAS data acquisition system
F thrust
Fa wheel force due to ailerons
Fe wheel force due to elevators
Fg gross thrust (engine axis)
Fn net thrust (engine axis)
Fr rudder pedal force or ram drag (stability axis)
Fy aerodynamic force along the Y-axis
g acceleration due to gravity
IXx moment of inertia about X axis
IYY moment of inertia about Y axis

at}
Y




LIST OF SYMBOLS (Cont'd)

SYMBOL -

2z

XZ
I1TT

X .
wind

z .
wind

DEFINITION

moment of inertia about Z axis
XZ product of inertia

turbine temperature

V/in D
p

lift or rolling moment

pitching moment or Mach number

mean aerodynamic chord

normal load factor, g's, n = -A_ or propeller

z

wind axis load factor, x-direction

wind axis load factor, ¢-divection
yawing moment or correction exponent for
the thrust model

gas generator RPM

pressure

propeller

roll rate

power

dynamic pressure or pitch rate
yaw rate

wing area

ltemperature

calibrated airspeced

speed



LIST OF SYMBOLS (Cont'd)

SYMBOLS DEFINITION
Vg ground speed
Vt, \ true airspeed
weight
Wa air flow rate
wf fuel flow rate
X, V¥, z aircraft coordinate'axes - defined in Section
a angle of attack of longitudinal body
an angle of attack of horizontal stabilizer
B sideslip angle
6 control or trim surface deflection
6 normalized ambient pressure ratio
A differential element (generic)
€ downwash angle at horizontal stabilizer
A inclination angle
€ downwash angle at horizontal stabilizer
fora =0
P air density
6 pitch angle
[ roll (bank) angle
? yaw angle
bt normalized total pressure ratio at the
2 compressor face
et normalized total temperature ratio at the
2 compressor face
Y flight path angle




LIST OF SYMBOLS (Cont'd)

SUBSCRIPT DEFINITION
a aileron
A aerodynamic
A/C éircraft
C control column
e elevator
f flap
L left
r rudder
R right
t test
T trim
| T total
| w control wheel
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3. RIRPLANE

3.1. Gerneral Airplarne_ Descipticn

The De Havilland Twin Otter is a 13 to €0 passenger, orne or
two crew, turboprop airplane used primarily for commuter trans-—
partation. Maximum range is 700 n.m (at 10,000 ft.) with a 45
minute reserve. Maximum cruise speed at 10,000 feet is 165 KTAS.

The airplarne operating envelope is showr in Figure 3.1.1, and the

geametry and operating weights are shown in Figure 3.1.&.

The airplare i1s powered by two Pratt and Whitrney (URCL)
PTEA-20 engines,; each flat rated at S50 shaft horsepower and

driving a Hartzell three bladed, constant speed, reversible,

metal propeller, model H3-B3TN-3, blade T10173+1.

The primary flight control system is fully reversible. A
gear tab is fitted to the rudder to lighten control forces and a
tab fitted to the starbocard elevator is linked tao the flaps to
control longitudinal trim during flap retraction and extension.
The horizontal tail has fixed incidence. Geared trim tabs are
located on both ailerons. .The flaps are hydraulically actuated
and incorporate a hand pump irn  the crew compartment toa provide
emergency pressure. No speed brakes 6P spoilers are i1nstalleo.
Figure 3.1.2 shows the lccation of the flight control system
layout. Stall warning is visual and aural. Nz stick shaker is

installed.
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The test airplane (N6O7, SN 04) instrumentation included
control surface positions, pilot forces, engine data, air data,
and inertial data. The KSR Data Acquisition System (DAS) was
mounted inside the cabin near the aircraft, c.g. A Rosemount
differéntial pressure angle of attack and sideslip senscr was
mounted on a nose boom. This sensor is detailed i Secticn S.2,

‘Special Sensors'.

Several geometric constants were used to pracess the flight
test data. These are listed 1rn Table 3.&.1. The wing ares,
spari, and mean aerodynamic chord (MAC) were used to norn-
dimensionalize the aerodynamic coefficients. The standard c.g.
location is the point where all aercdynamic forces are assumed to
act. AR standard moment transformation 1i1s thern used to transfer
the moments to the actual c.g. The propeller and rozzle

locations are where the propeller and jet forces act.




Nole . BEN I NV, BF RN VUR R S

DE HAVILLAND TWIN OTTER BASIC CONSTANTS LIST

TABLE 3.2.1

PARAMETER

WING AREA

WING SPAN

ASPECT RATIO

M.A.C.

LEADING EDGE STATION

F.S. OF ALPHA/BETA SENSORS
AILERON AREA (EACH)
ELEVATOR AREA (EACH SIDE)
RUDDER AREA

AVERAGE AILERON CHORD
AVERAGE ELEVATOR CHORD
AVERAGE RUDDER CHORD
STANDARD LONGITUDINAL C.G.
STANDARD VERTICAL C.G.

F.S. INLET

WL. INLET

B.L. INLET

FS. NOZZLE

WL. NOZZLE

B.L. NOZZLE

FS. PROPELLER

WL. PROPELLER

B.L. PROPELLER

ENGINE TOE-OUT ANGLE
ENGINE INCIDENCE ANGLE
100% NG

RAM RECOVERY FACTOR

NUMBER OF ENGINES

X LOCATION H-TAIL (25% MAC)
Z LOCATION H-TAIL (25% MAC)
X LOCATION V-TAIL (25% MAC)
V LOCATION V-TAIL (25% MAC)
STANDARD FLAP SETTING 1
STANDARD FLAP SETTING 2
STANDARD FLAP SETTING 3
FORCE WHEEL RADIUS

GROUND DECK ANGLE

D.A.S. SAMPLE RATE

PROP. DIAMETER

UNITS

SQ. FEET
INCHES

INCHES
INCHES
INCHES
SQ. FEET
SQ. FEET
SQ. FEET
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
DEG

DEG

RPM

INCHES
INCHES
INCHES
INCHES
DEG
DEG
DEG
INCHES
DEG
SPS
INCHES

VALUE

420.03
780.000
10.00
78.000
188.240
-123.5
14.68
21.61
33.55
10.500
26.600
29.000
223.058
12.84
131.44
29.6800
110.000
141.8
43.43
110.000
124.49
43.43
110.000
0.0
0.0
37468.
1.00
2.0
511.93
54.00
519.500
81.000
10.0
20.0
37.5
5.25
-1.5
8.567
102.0



3.3. Weights, Center_of Gravity, and Irertias

The weight, center of gravity (c.g.) and irnertias for the
aircraft were determined from a combination of marnufacturer's
data and from experimental tests, measurements, and computaticons
by KSR. The weight of the aircraft was measured in flight by
subtracting the measured value of fuel used from the initial
weight of the aircraft with full fuel, crew and flight test
equipment. The zero fuel weight was determined by weighing the
aircraft. The fuel used measurement was cornfirmed by weighing
the aircraft before and after a number of the early flights. The
fuel wused measurement was found to be accurate to within SO
pounds. Between NASAR flights 11 and 1&, (KSR flights 6 and 7 ),
additional equipment was installed in the aircraft. Therefaore,
two sets of plots for aircraft weight, c.g., and irnertias are
used. One set is valid for flights 6 through 11 and a second for

flights 12 and onr.

Sirnce weight is the primary variable for determining the
center of gravity and inertias during arny given flight, charges
in their values have been exbressed in terms of fuel used. The
same fuel burning sequerce was wused for all test flights. The
initial weight, c.g. and inertias of the aircraft for each flight

‘were adjusted for the additicon of observers and test equipmernt.

The center of gravity position in flight was determined as a

furncticon of the fuel used. The longitudinal position of the



center of gravity was established based on information contained
in the Pilot’'s Operating Handbook (P.0O.H.) and data from the zerc
fuel weighing. The vertical center of gravity was determined fram
specially provided manufacturer’s data. Novcorrections were made
for fuel slosh with change in attitude of the aircraft.

The coordinates used to measure the X and Z c.g. location
are shown in Figure 3. 3.1. The origin is located 21 inches aft
of @ the nose, in the forward baggage compartment. Waterlire
and fuselage station are measured positive upward and aft from
this point. Because this sign convention is contrary to the
. conventional aerodyrnamic body axis coordinates (positive X
forward and Z dowrward), the signs have been changed irn the KSR
flight test data and are expressed in feet for caonsistercy
of that data set. Thus, the leading edge of the MAC would be
listed as -15.69 feet in the KSR data base. The lateral (Y—-axis)
locatior of the c.g. is assumed to be zero (i.e., lies in the X-Z
plarne).

Momerits of inertia (Ixx, Ivy, 1zz, Ixz) were calculated
based on manufacturer's data for the aircraft with empty tanks
‘and with eight fuel locadirngs. The aircraft c.g. and inertia data

for flights € through 11  are presented in Figures 3.3.&a thru

-

G

«3.20- For Flight 12 and on, this data is presented in Figures
3.3.3& thru 3. 3. 3g. The effects of crew and test equipment were

accounted for, however, the dynamic effects of fuel slosh were

not. This could cause variations of damping and momentary
aircraft resporse to control inputs during more violent
maneuvers.
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4.

Data for this report were gatﬁered in 18 data flights
totaling 38.9 hours.  The test airplare was the NASA Lewis
Research Center modified De Havilland Twin Otter which has beer

equipped for icing research.

A summary of the total flight test program is given in Table
4.1, Aircraft instrumentation started in September 1385 and data
system installation and calibraticon were completed by the erd

of the month.

A typical ’flight began with a ground transducer check.
Every parameter was checked for operation and its counts value
hand recorded. The flight test engineer briefed the pilots on
the maneuvers to be flown. Before takeoff, three preflight runs
were recorded orn the DRAS. A "zeroc" run data record was taken
with the airplane static, ergines at idle, and the contraols at a
pre—determined position. Therir a data record of a cantrol sweep
in each axis was takern. Ari engirne rur—up was used to check
engine parameters. At this time, the cockpit erngine indications
were hand recorded. RAfter the flight, these steps were repeated.
The values from the "zero” runs were used to correct bias errors

in some parameters, such as angular rates, air data, and forces.



TWIN OTTER FLIGHT PROGRAM SUMMARY

TABLE 4.1

FLIGHT TIME
DATE FLT. PERF. S&cC PERF. S&C MISC. REMARKS
(1985) | No.* | TOTAL | (DRY AIR) | (DRY AIR) [(ICE ) (ICE)
27 Sep 1] 1.4 1.4 System Check Out
30 Sep 2 (D} 2.4 2.4 Airspeed Cal.
1 Oct 3 @1 2.0 1.0 1.0 Finished Airspeed
3 Oct 49| 2.9 2.9 cal-
4 Oct 5 (1] 2.1 2.1
23 Oct 6 (1) 1.9 1.9
19 Nov 7 (12)§ 1.1 1.1 System Check Out
21 Nov 8 (13)} 2.6 2.6 Airspeed Failure
4 Dec 10 (15); 2.8 2.8
i 4 Dec 11 (16)f 2.2 2.2
5 Dec 12 A7) 1.9 1.9
12 Dec 19 19| 1.8 1.8
12 Dec 20 (200} 1.9 1.4 .5
13 Dec 21 (2D | 2.2 2.2
i 14 Dec 22 (22) | 3.0 1.0 2.0
| 16 Dec 23(23) 1 2.5 2.5
l 18 Dec |24 (2)| 1.8 1.8
| 19 Dec 25 (25) | 2.4 2.4
Total Hours 38.9 3.7 8.4 9.0 11.9 5.9
PERF. - Performance DRY AIR - Baseline Flights
S & C - Stability and Control ICE - Icing Data Flights
MISC. - Miscellaneous

* Numbers in parenthesis represent the NASA flight test numbering system.

4.

2




S. DATA_ACQUISITION_AND_ ANALYSIS

S5.1. Data_Aecguisition
The data for this report were reccrded or the KSR DAS. The
DAS records data with 12 bits of resolution at approximately 8.6
'samples per second. All charnels are. sampled witﬁih a
ore-millisecond time interval and then recorded on tape. This
effectively elimirnates time skews due to sequential sampling.
The parameters recorded by this system are listed irn Table

S.1.1.

Figure S5.1.1 shows the DAS which ircludes the computer,
computer controls and display, tape recorder, and sigral
conditioning. The KSR irnertial trarisducer package which contains
three linear accelercmeters, three rate gyros, ard an attitude
gyro was maunted rnear the longitudinal arnd vertical C.Qg. but to

“the left of the lateral c.g.



TABLE 5.1.1

RECORDED DARTA

NASA TWIN OTTER DHC-6-004

e e e o e oo o e o S —— = o —————— o " S e = o o T " T s . o T S (U e S S S o i ) i o e

10

11

12

13

14

16

17

18

VARIRBLE VARIABLE NAME

FILCNT FILE COUNTER

BLKCNT BLOCK COUNTER

ESB ENGINEER'S STATUS BYTE
ASB RIRCRAFT STATUS BYTE

PRUSE EVENT

ROSEMOUNT HERT

GEAR POSITION

GYRO ERECTION MARKER

PILOT EVENT

TIME TIME

AX LONGITUDINAL ACCELERARTION
AY LATERAL ACCELERATION

(2 ¥4 Z-DIRECTION ACCELERATION
PITCH_RATE PITCH RATE

ROLL_RATE ROLL RATE

YAW_RATE YAW RATE

PITCH_ATT PITCH ATTITUDE

ROLL_RTT ROLL ATTITUDE

DELP_ALPHA PRESSURE ALPHA

DELP_BETA PRESSURE BETAR

DELP_REF PRESSURE REFERENCE
DELTA_A_L AILERON DEFLECTION

(SEC)

(G)

(G)

(G)

(DEG/SEC)

(DEG/SEDO)

(DEG/SEC)

(DEG)

(DEG)

(PSF)

(PSF)

(PSF)

(DEG)

EMPTY



19
20
21
22
23
24
25
26
27
28
29

30

32
33
34
35
36
37
38
39
40
41
42
43
44

45

DELTA_E
DELTA_R

FLAP

———————
———————
———————
———————
———————
________
———————

DIFF_PRESS

" AIR_TEMP

INERT_VREF
STAT_PRESS
CPT_VREF
BATTERY_A
FUEL _USED
PAF

PEF

ELEVATOR DEFLECTION
RUDDER DEFLECTION

FLAP POSITION

- " . s et e e o e o o ————

O . o . e s e o S S o . S S 00
B e e S S S ——
- s . - ———————— T ——

DIFFERENTIAL PRESSURE

INDICATED TOTAL TEMPERATURE
VERTICAL GYRO REFERENCE VOLTAGE
STATIC PRESSURE

REFERENCE VOLTAGE

REFERENCE BATTERY BDQRD‘I

FUEL USED

PILOT AILERON FORCE

PILOT ELEVATOR FORCE

PILOT RUDDER FORCE LEFT

PILOT RUDDER FORCE RIGHT

———— " — o — ——— T — 2o

(DEG)
(DEG)
(DEG)
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
(PSF)
(DEG_K)
(VOLT)
(PSF)
(VOLT)
(VOLT)
EMPTY
(LB)
(LB)
(LB)
(LB)
(LB)
EMPTY

EMPTY



46

47

48

49

S50

S1

Se

S3

S4

=15

56

57

S8

59

60

61

62

63

64

65

66

67

68

69

70

71

——— o ——

PROP_RPM_L
PROP_RPM_R
TORGQUE_L

TORGQUE_R

FUEL-FLO_L
FUEL_FLO_R
FUELTEMP_L

FUELTEMP_R

JOHNS_WILL
LEIGH
ROSEMOUNT

GEN_EAST

——— — o ——

BATTERY_B

—— i ——— ————— oot —— T —— —
o . - — . s o o —— T T — —

BAS GENERRTOR RPM-N1 LEFT

BAS GENERATOR RPM-N1 RIGHT
PROPELLER RPM LEFT

PROPELLER RPM RIGHT

ENGINE TORQUE PRESSBURE LEFT
ENGINE TORQUE PRESSURE RIGHT
INDICATED FUEL FLOW LEFT ENGINE
INDICATED FUEL FLOW RIGHT ENGINE
FUEL TEMPERARTURE LEFT ENGINE

FUEL TEMPERATURE RIGHT ENGINE

LIQUID WATER CONTENT INDICATOR
ICE DETECTOR UNIT
ICE DETECTOR UNIT

DEW POINT HYGROMETER

——— v ——_v—— o — o o ot S . S e e T —

REFERENCE BATTERY BOARD 2

EMPTY
EMPTY
EMPTY
(%)

(%)

(%)

(%)
(PSI)
(PST)
(LB/HR)
(LB/HR)
(DEG_K)
(DEG_K)
EMPTY
EMPTY
EMPTY
EMPTY
EMPTY
(VoL T)
(VOLT)
(VOLT)
(VoL T)
EMPTY
EMPTY
EMPTY

(VOLT)
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S.2. gpecisal_ Pensors

Special sensors were installed on the test airplane as

described in the following paragraphs.

S.2.1. Trailing Cone
To calibrate the airplane’'s airspeed system, a trailing
cone was used to measure atmospheric preésure. The cone was
trailed approximately 100 feet behind bthe airplane on a
flexible tube which entered the aircraft through a metal tube
connected to the airvcraft at an opening created by removing
the tail skid. A previous inflight inspection confirmed that

the cone trailed well in all configurations. Static ports

were located approximately 5 cone diameters forward of the

cone where the pressure is uninfluernced by either the cone
or the airplane. Cone static pressure was sensed by an
independent pressure transducer. Calibration methods are

described in Section 7. 3.

S.2.2. Primary Control Force Measurement
KSR has developed a system to measure column, wheel,
pedal, and toe brake forces. Elevator and aileron control
forces are measured with the force wheel shown in Figure

S.2.1. Rudder and toe brake forces are measured with the

pedal system shown in Figure 5.2.c2.

5.2.1 REV A
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.3. Angle of Attack_and _Sideslip Sensars

A Rosemount Model B858AJ Type Flow Angle Sensor to measure
angle of attack and sideslip was 1installed on the aircraft
noseboom. The system consisted of five pressure ports; one
lcocated at most forward point and four others located to the
left, right, above and below thé forward port. The geometric
layout of the system is illustrated in Figure 5.2.3. A change
in angle of attack (alpha) or sideslip (beta) resulted 1n &

change in differential pressure between the respective

pressure ports. Calibration methods are described in Sectior

7. 3.
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5. 3. Data Qnalxglg
The data were processed on a Cadmus 3000 microcomputer arnd a
Gould SEL 32/77 minicomputer both located at KSR in Lawrerce,
Kansas. A block diagram of the data management system is shown
in Figures 5.3.1a and S.1.3b. This data management system was

designed to function with the KSR DAS.

The initial phase of the processing involved transferring
the flight tapes to the Cadmus irn a raw data format. The data
are then converted to engineering units, and the air data are
corrected for positiorn error. Alsc computed are the weight and
balance, inertias, linear accelerations at the center of gravity,
corrections to alpha and beta due to angular rates and boom
behding, thrust, and other parameters required for subsequent

analysis programs.

The flight test data base was ther trarsferred te the SEL
where it is saved orn magretic tape for subsequent data analysis.
The data analysis techriiques are discussed ir Secticon 7. The
flight test data base was stored in unformatted, 200-word blocks
(each word is 32 bits). Each blocck represernts crne time-slice aof
flight test data, ard every measured or derived parameter

occupies a specific word as listed irn Table A.1 in Apperdix A.
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6. AXIS_SYSTEM_AND_SIGN_CONVENTIONS

The axis system and sign conventions used in this report are
defined in Figures 6.1 and 6.2. Figure 6.1 shows the sign con—
verntions used for body motion and Figure 6.2 shows the sign con-—
ventions for the control surface deflections. Rudder and aileron
trim have the same converntions as rudder and aileron deflecticon.

Positive control forces move pilot control positions in a

pasitive direction.
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7. ELIGHT_TEST ANALYSIS TECHNIQUES
This section gives a general outline of the various techni-
ques used by Kohlman Systems Research to obtain the results

presernited in Section 8.

7.1. Stability and Control Derivative Methods

The primary method used to determine stability derivatives

is the Modified Maximum Likelihood Estimation technique (MMLE).

The MMLE method is based on an assumed mathematical model of
the airplarie’s aerodynamic and inertial characteristics. Initial
conditions and dynamic control inputs measured in flight are
applied td the model and the response of the model is compared to
that of the airplane. The difference is a response error. The
MMLE program thern changes the aerodynamic dérivatives by a campu-
tational algorithm to reduce the respornse error. The new
derivatives are used in the math mcdel to compute a new response
error. This iteration procedure continues until a specified
convergence criterion is met. The final derivatives represernt
airplane aerodynrnamic characteristics that maximize the likelihood
that the error betweer airplane and mathematical model responses

will be minimized.



REV A
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The accuracy and consistency of results obtained by MMLE
methods are dependent on many different factors. First, the
model must reasonably represent the airplane. Since the model is
linear, any nonlinearities during a maneuver will affect the
results. Good results achieved during relatively linear, small

perturbation maneuvers will represent only local slopes.

It was found on the lowest speed flight test runs, buffet
due to ice accretion caused the MMLE analysis to converge poorly
or not at all. Therefore, in general, the lowest spesd data

points for all configurations were not included in the analysis.

Since the MMLE propram will attempt to match whotever actual
response is presented to it, it is important to minimize the
sources of error in the recorded data. Air turbulence can be
minimized by doing tests only when the air 1is smouth. Data
system noise minimization requires a data system heving a very
high signal to noise ratio. Bias errors in calibrat‘on curves
used to produce the data ro not affect the ana.vs":. Howeve:-
changes in sensitivity or slope of the cilibralior porves o
Time skews, caused by sampling between channele at taoo slow
rate, produce subtle errors that can go undetected Great cuarc

has been taken to eliminate these problems.

The final non-dimensional derivatives obtained from MMLE are
dependent on the initial conditions of the maneuver (airspeed and
altitude) and the airplane weight and moments of inertia. The

MMLE program will attempt to correct any errors in these para-

7.1.2




meters by adjusting the derivatives. For example, if the roll
inertia is calculated to be higher than it actually is, the MMLE
derived roll power Cléa will be higher than it actually is. This
illustrates the importance of obtaining accurate airspeed cali-

brations, weight and inertia data, and accurate calibration of

the data acquisition system.

An illustration of the ability of the MMLE program to match

the model response to the airplane response is provided in

Figure 7.1.1 which presents time histories for an elevator
doublet. The quality of these matches provide confidence in the
accuracy of the derived stability derivatives. However, these

results are collected for many runs over a wide range of flight
conditions, thus some judgement is= involved in arriving at the

stability derivative curves.

Careful interpretation was required for each data point
produced by MMLE. Important characteristics included the level
of excitation of particular parameters, the quality of the time
history match provided by the MMLE program, and the nature of
the dynamic maneuver. full documentation of each individual MMLE
data point is available for inspection and further interpre-

tation as required.

The MMLE results, combined with theoretical aerodyrnamics and
Judgements on the quality of individual maneuvers, were used to
form derivative curves that are believed to represent the
airplane as accurately as possible.

7.1.3 REV A



o
N
..................................................................................................................... @ ?
.................................................................................................................. :
..................................................................................................................... ©
[a]
Ll
.................................................................... r-
----- ﬁ |
a |
W .
................................................................................................................. < &
N !
%3]
v
i.
‘ i
’ | Lo
, 5
I
1 1
|
[}
! o ;
|
Z
93$/930 - © J3s/14 - AT3G 93G - WHdV |
l
lcaLc ©3/84/85, REVISED | DATE CH FOR w
TEST DATA AND MMLE MATCH FO Fig. 7.1.
CHECE !"Q;ﬁ’g a2 E LONGITUDINAL DOUBLET (FLAPS 0)
APPD_ - DHC- 6-004
APPD N - :
KOH_MAN SYSTEMS RESZARCH 7.1.4

TIME

14:56:24




7.2. Performance Modeling Methods

Performance madeling is a techrnigue developed by KSR throuph
which a complete model of the propulsion system and the static
longitudinal aerodyriamic ccefficients of the airplarne are
defined. This is done by performing a series of level flight

full and partial power accelerations cover the flight ernvelape.

The first step in performance modeling is to define a
propulsiorn system model from the erngine deck provided by the
engine marmufacturer and the propeller characteristics from the

oropeller manufacturer, The net jet  thr

o the

deck is wused directly, while 1inflight measured torgue arnd

prapeller rpm are used to calculate shaft harsepower.

Orice the propulsion model is defined, the aercodynamic lift

and drag models are determivied 1nn terms of:

a) C vs. a
LA/C
2
b) C vs. C
D Lasc
c) C vs. «a

m .
untrimmed



The forces and moments pertinent to the steady
analysis are showrn in Figure 7.2.1. The airplane

cecefficient is gererated with the following equations.

C = [ W'y - FP51n(a + AP) - F

. sin(a + AJ) 1/gs
wind

J

where: C = C - C 6
) L L
Luntrlmmed AlC 6e €
CL from MMLE data reduction
6]
e
A . . .
P propeller inclination angle
AJ jet exhaust inclination angle
FJ net jet thrust
CD
The airplane trim drag 6] carat be determinc:
e

the maneuvers performed. Therefore a trimmed drag coefficiernt is

generated fraom:

Cy = [chos(u +Ap) o+ FJcos(cx + )\J) - W 1/qs
wind




Untrimmed (5e = 0) pitching moment ccocefficient data were

also derived from the performance maneuvers. The governing

equations are:

C_ =C aX - Cp 6, - C - CpZ
untrimmed unt 6e mT
where: AX = (XC - XC )
Bstd Best
AZ =(zC - 2 )
gstd Cgtst
C = -(F,2 + F_Z_)
T J TJ P TP
qsc
¢ C ZT ZT
Me and Lg . are predicted from MMLE. p and J are

e
a function of airplane peometry and c.g. position.

A summary of the performance flight tests is presented 1in
Table 7.2.1. These tests corsist of a series of accelerations
and decelerations at selected torgque settings and weight-pressure

ratios (W/6).

The varicus airplane configurations evaluated during these

maneuvers are listed below:

CONF IGURATION FLAPS GEAR
Cruise Q Dawr
Approach 10 Downr
ARpproach =0 Dawr
Takeoff 0 Down
Takeoff 10 Dawn
Landing 37.5 Down



At the time the data was being araly:zed, it was felt that
the KSR torque readirngs were in error when cohpared to values
recorded in previous flight test by NASA. The eviderce of this
effect was most noticeable in the drag polar. After much
discussion it was decided to adjust the torque readings so that
the KSR drag polar matched the NASA drag polar showr in the NASA
report given at the AIAAR 23rd Rerospace Sciences Meetirig (paper
number AIARA-85-0468). To match this drag polar 45 foot—-pournds of
torgque was subtracted from the recorded torque value of each
engire. The flight test aata base mag tapes that were made for
NASA do not have this adjustment made for the engine torque so

that the user coculd make any chariges as deemed necessary.
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TABLE 7.2.1

PERFORMANCE FLIGHT TEST SUMMARY

FLIGHT

6

8

19

21

22

24

CONFIGURATION TESTS

Cruise, OF = 10, 20, 37.5 (DRY AIR) 13K W/6
Cruise (ICE) 13K W/6
Cruise (ICE) 13K W/6
Cruise (ICE) 13K W/6
Cruise (ICE) 13K W/6
Cruise, 6_ = 10, 20, 37.5 (DRY AIR) 13K W/6

F




This section presents the techniques used to calibrate the
air data measurement system. The static pressure systenm is
corrected for static port position error. The delta—-p alpha and
beta systems are calibrated directly to degrees, which includes

correction for upwash and sidewash.

Angle of attack and sideslip data were measured using a
differential pressure system mounted on the nose boom of the air-
plane. The sensors used are detailed in Section 5.2, ‘'Special

Sensors'.




7.3.1. Airspeed Cplibration

REV A

The boom mounted forward of the nose of the aircraft con-
tained static pressure ports located several diameters aft on
the cylindrical shaft of the Rosemount Flow Angle Sensor. The
ship's standard system (co-pilot's) pitot probe located on the

right side of the aircraft nose was also utilized.

The airspeed calibration used a trailing cone extending
more than one fuselage length behind the airplane in
undisturbed air. A static pressure port located on the tube
leading to the cone, well forward (at least 5 cone diameters)
of the cone, was used to determine the true ambient
pressure. The ambient pressure was compared to the indicated
static pressure measured on the boom to determine the position

error.

The airplane was stabilized at selected speeds arnd
altitudes. Data were taken under stabilized conditions to
preverit preumatic lag from influencing the measurements.
These data were analyzed using standard methods contained in

Reference 4 and are presented in Figure 7.3.1.

7.3.2
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The angle of attack ard sideslip were measured ucsing a
Rosemount. 858AJ probe (see Section S5.2). The 858ARAJ 1is
supplied with a manufacturer calibration. These calibrations
were used following a process of validation using actual

flight test data.

The angle of attack calibration was verified by the
analysis of stable points. With the aircraft stabilized at a
constant altitude and airspeed the angle of attack is equal to
the inverse tangent of the ratio of the longitudinal and
ravrmal body axis accelerations. The Rosemcount calibration was
verified using this method to validate its use during this

_flight test program.

The validation process was repeated on the argle of side-—
slip calibration wusing the dynamic calibratiorn techniques
described in Reference €. This method involves the analysis
of rudder docublets and compares the measured sideslip arngle t=o
a sideslip angle calculated from the inertial data. Ivi
addition to the validation of the Rosemount calibration this
analysis procedure also facilitated the investigation of
dynamic lag in sideslip measuring system. This lag was found
to be insignificant for the flight conditicrns experienced in
this flight program. The calibraticons for argle of attack anc

sideslip are showrn in Figures 7.3.2 and 7. 3. 3.
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An additional boom bending calibration was performed to
correct for errors caused by bending due to dynamic mareuvers.
The calibration shown in Figure 7.3.4 was accomplished by
lecading the boom to represent the load experienced in dynamic
maneuvers and theri measuring the deflection of the boon.
Since the boom is symmetrical in baoth axes, the beta boom
bending correction shown in Figure 7.3.5 was derived from the

alpha boom bending.
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RESULTES OF FLIGHT TEST
This section contains the results of all analyzed flight test
data. This includes stability and control, performance,

and special tests and calibrations.

All flight test data in this report assume a center of
gravity position of 26% MARC. Standard transformations can be used
for other c.g. positions. The coefficients and derivatives in this

report are based on the stability axis system.

Flights 20 and @21 were selected for performance analysis.
Flight 20 represented a moderate to heavy mixed icing condition and
21 represented a moderate glaze icing condition. Flights 16 and 17
repro;ented mixed icing conditions and were used to analyze the
longitudinal stability. Flight 16 compared between the baseline and
all iced, and then baseline and wing only iced. Flight 17 compared
the baseline with all iced, and then the baseline with the tail only
iced. Flight 23 represented rime ice conditions and provided an
analysis of the directional derivative ratio C /7 C for the

hg hg

r

baseline the vertical tail iced configuration. Icing cloud data by

NASA during natural icing test is shown in Table 8.1.

8.1. Longjtudinal Coefficients and Perivatives

The longitudinal derivatives and coefficients are in sub-

sections representing lift, drapg, and pitching moment.

8.1.1 REV A




8.1.1. Lift Coefficient, CL
The 1ift decrements that were broken out by selectively
deicing the aircraft, remain relatively the same
percentage-wise at both high and low power settings. The
total degradation in 1lift coefficient at 6 degree angle of
attack is approximately 7% with 40 psi torque and 8% with 15
psi torque. ‘The individual contributions of each iced

component are nearly the same at both power settings.

The elevator effectiveness, CL with the aircraft in the

6
e

all-iced configuration showed an average 10% degradation.
When the tail only was iced this degradation averaged around
8.5%, and when the wing only was iced a 2% degradation was
found. When flaps were lowered to 10 degrees the all-iced
degradation in these coefficients increased to 15-16%X and the
wing ice accounted for approximately 9% or nearly equiva-

lent in magnitude to the tail ice contribution.

It was found that the state ccefficient (CL + CL )

q a
showed no change due tc ice in the flaps-up case, however,
when the flaps were lowered 10 degrees and there was ice on

the wings, tail, or both, this coefficient was degraded

approximately 23 percent.

REV A 8.1.2a




TABLE 8.1

SUMMARY OF AVERAGED ICING CLOUD DARTA FOR PERFORMANCE
AND STABILITY AND CONTROL

Flt Start End Alt., TAS, AOR, Btatic Dew  Average Bvg
No. Time Time PA, Kts deg Temp Point LWC MVD
. : T - C___mem D _um_
16 14:32:58 iS5:12:18 8660 138.6 1i.4 ~-8.0 ——— 0.a25 19
17 10:108:28 10:127:18 7309 135.0 1.6 -7.2 -8.1 .33 21
20 12142:48 13:36:58 6163 127.3 1.8 -9.5 -10.1 .46 14
21 09:55:38 10:140:38 4315 130.8 1.6 -5.0 -4.8 ~.20 15
23 10:13:38 11:11:48 4330 136.4 0.5 -10.7 -10.0 .33 10
8.1.2b
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The aerodynamic 1lift force coefficients investigated
for the NASA Twin Otter are presented below. The lines

designated as "baseline” represent the dry air baseline
testing. The iced configurations are defined us;np the letters

E thru J, with multiple designations for a given curve
indicating that there was no discernable difference between

results for the different configurations.

Letter Code Rircraft Configuration
E Cruise configuration, aircraft all iced
F Cruise configuration, aircraft complete tail

and struts iced

G Cruise configuration, aircraft vertical tail
and struts iced

H Cruise configuration, aircraft horizontal

tail and struts iced

I Cruise configuration, aircraft struts iced
J Cruise configuration, residual ice only
Eigure #

CL Bn 1- 1& - 8- 1-1d
A/C

(CL + CL ) 8.1.2a -~ 8.1.2b
q o

CL 8.1.3a - 8.1.3d
6

PRECEDING PAGE BLANK NQT FILMED

8.1.3
REV A



ANGLE OF ATTACK ox

e
S
o0
—RE
e
xv
©®
Ja
<
2] - o ~ 0 n.rl,
T
CALC REVISED DATE
12 CHANGE IN AIRCRAFT LIFT DUE TO ICE, |pio g 1.1k
creck| L7 ({ .?//ﬂ TORQUE 40 PSI, FLIGHT 20 B Z.o-
APPD THC-6-004
APPD
SN (AT S — Y EARCH. |{8.1.4
crewel 78 | KEB GWLMAN SYSTEMS RESEARC




- ~
¥
X
I
-
M =
g
w
(o]
w
-
O
4
w L= ¢
S
O o
N o
- O
s B
50
o o
0
o)
M = ) ~ 0 o
1o
caLe | lREV'SED—+ sl CHANGE 1N AIRCRAFT L1FT DUE TO 1CE Fle.
IGT) N asiatt T T T T T : ; - > L 8.1.1n]
crecn }243//%' E— TORQUE 15 PSI, FLIGHT 20 DHC- 6-004
APPD_ '_ ‘ l ) ) 1. .
APPD i [ - -
SRR : - 1 1 KOHLMAN SYSTEMS RESEARCH . |8.1.5
DFRAWN 25%56 | KEB tAwRenct KANSAS




BASELINE

IJ
FH
E

FLIGHT 2I
40 PSI TORQUE
ANGLE OF ATTACK ox

]I REVlSEl’) | DATE Fig.

wfa //f/ﬁi == -1  (HANGE IN ATRCRAFT LIFT DUE TO ICE, | 8.1.lc |
; —_— :

TORQUE 40 PST, DHC-6-004
L‘_ -——--—1 FLIGHT 21

(‘FEB&: KEB ﬁ.- 1 ] KOHLMANLA§MYN§TE“1A§5A5RESEARCH N 8.1.6




0
w
=
N
N
O
-
I _
©n _
aa 1
w
ke
" = o ~ o) 0

ANGLE OF ATTACK <x

i e

REVISED

_— e ——y

DATE

Fig.
CHANGLE IN AIRCRAFT LIFT DUE TO 1CE, g 1.14d
TORQUE 15 pPS1, FLIGHT 21 e

DHC-6-004

- E——
KOHLMAN SYSTEMS RESEARCH . |B8.1.7

LAWRENCE KANSAS




"FLIGHT 16 8 17

Ct =.06—-.08

(CLq* CLalbaseline = 10.8 rad™!
§p=0°

MCLg* €L odice =0

caLc . l}REV'SED oate | EFFLCT OF ICE ON STATE COEFFICIENTS F;gi )
T 4 - f - 4 - - .1 Za

,C:fE_EL/Q?, | 3/ (¢, 4 ¢ ), by - 0 et
;P;"il ' ’ 1 ‘a ‘& DHC-6-004
S - - FLIGHTS 16 & 17

TR b - KOHLMAN SYSTEMS RESEARCH 8.1.8

DRAWN KEB TM {Eb % | LAWRENCE KANSAS - ° ’




Cy=.05—.07

_ -1
(CLq+CLo’()boseline =5.9 rad

6 =10°

FLIGHTS 16 & 17

-3.0
T
© \
E —20 L
=~ ALL ICED
8 .
—-1"6 TAIL {ICED ) —
- WING ICE
© -1.0
+
o
J
e
4
O ¥ Y -
0 05 10 15 20
MACH‘

B

L —

3 IS :
t/@%f‘yﬂél o _ (CL + CL;() R GF = 10°,
e .

S i . -
KEB LZ“ FE&&G I LAWRENCE KANSAS

REVISED | DATE EFFECT OF 1CE ON STATE COEFFICIENT Fig.
__8.1.2b
q ) DHC-6-004
- —4——-—— FLIGHTS 16 & 17
- - 1 KOHLMAN SYSTEMS RESEARCH . [#.1.9




C1=.06-.08
L. =.0069 deq”'
Eepgseline
8F=0.
FLIGHT 16
-.0015 1
-.00101

- ALL ICED— ———— —

©
© TAILICED——Mm7MMm— —

©-.00051

o

[ 2]

)

]

%)
] 0 L_/\F . . .

e} 10 15 20 25
MACH
caLc REVISED DATE Fig.

- k —- CHANGE IN ELEVATOFR LIFT DUF TO ICE, 78__]__3_%_4
CHECK pﬁﬂ -— —— 6. - 0°, FLIGHT 16 IPHC 6-004
A??D F
aeeo | | |- I 'KOHLMAN SYSTEMS RESEARCH . | 8.1.10
OrRAWN| KER |Z4 FEBgL‘ LAWRENCE KANSAS ]




-.0015 1

—.0010 A

—-.0005 -

ol
ACLSe ice (deg™')

Ct=.06- .08

-1
C =.0069deg
“Lge baseline

SF‘ o°
FLIGHT 17

ALL ICED ——— —

WING ICED ——— —

- REVISER | AT CHANGE IN ELEVATOR LIFT D TO 1C o g )
e 17 T2 - A A UE TO ICE, 1.3
CHECK y eg_é’/ﬂﬂwﬁ 6 = 0°. FLIGHT 17 e
APP%/} F ’ DHC-6-004
:F;PD B .T I D — e e - 4
sl e Jeaseosel [ KOWLMAN SYSTEWS RESEARCH |o.1.1:




Cy=.05-.07

CL = .0056 deg”!
Bepaseline
8F=10°
FLIGHT 16
~.00I5
T
o
@
T -.0010;
®© ALL ICED —
°
®
©
J
%)
g --0005 TAIL ICED— —_
0 v v . v
0 .05 10 15 20
MACH

CALC | "‘WSED DATE CHANGE IN ELEVATOK L1FT DUE TO ICE, F;gl ]

__;ze/ » 7 /@* RLAEN

APFO 4 1 6 _10° FLicHT 16 DHC=6-004

APPD | N S PRS- .
{ KOHLMAN SYSTEMS RESEARCH . a. 1

DRAWN

KEB

125 ans(p

LAWRENCE KANSAS




-4 ALLtQED—- -—

Fead -

)

: -.0005 - - - WINGICED — —

- - - 0 v A\l 14 2 2

R ) .05 10 15 .20

T ’ MACH
CALC REVISED | DATE Fig.
P / i CHANGE IN ELEVATOR LIFT DUE TO ICE, 8.1.3d
APPD/ ';A_— - bp = 10°, FLIGHT 17 DHC-6-004

APPD

orawn| KEB Z;E&J(a """ KOHLMAﬂllgnlYncS(TEH“s'A!!ESEARCH - |8.1.13




8.1.2. DPrap Coefficient, CD

REV A

As it was found with lift, the dragp decrements remain
relatively the same percentage-wise at both high and low power
settings. Within the linear portion of the flight envelope
the relative magnitude of lift and drag decrements due to ice
appear independent of power. However, the absolute magnitude

of these decrements are dependent on power effects.

Flight 21 points ocut that the shape of aircraft ice
accretions on both lifting and nonlifting surfaces is the most
important factor influencing performance. For example, the

icing encounter on flight 20 lasted 54 minutes at an

approximate average LWC of 0.20 gm/ 3. Though the average MVD

on each flight was approximately 14 ¢to 15 microns, the
temperature differed by 4.5 degrees C. This difference in
temperature resulted in a plazed-type ice formation on flight
21. The encounter on flight 21 was nine minutes less than on
flight 20 and the LWC less by a factor of greater than two,
yet the overall drag increase was about 15-20%X more than that

of flight 20.

The aerodynamic drag force coefficient investipated are
presented below. The lines designated as "baseline" repre-
sernt the dry air baseline testing. The iced configurations

are defined using the letters E thru J, with multiple

8.1.14




designations for a given curve indicating that there was no
discernable difference between results for the different

configurations.

Letter Code Aircraft Configuration
E Cruise configuration, aircraft all iced
F Cruise configuration, aircraft complete tail

and struts iced
G Cruise configuration, aircraft vertical tail
and struts iced
H Cruise configuration, aircraft horizontal

tail and struts iced

I Cruise configuration, aircraft struts iced
J Cruise configuration, residual ice only
Eigure #
CD 8.1.4a — 8.1.4d
8.1.15

REV A
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8.1.3. Pitchinp Moment Coefficient, CM

REV A

The effect of aircraft icing on pitching moment at the 15
psi torque setting was not seen in data from either flight 20
or 21. At the 40 psi torque setting small reductions were
measured in pitching moment on both flights. However, both

the plazed and mixed type ice shape gave the same results.

The elevator boucr, Cmé with the aircraft in the
all-iced configuration showed ean 10X degradation. When the
tail only was iced this degradation averaged around 8.5%, and
when the wing only was iced a 2% degradation was found. Wher
flaps were lowered to 10 degrees the all-iced degradation in
these coefficients increased to 15-16% and the wing ice
accounted for approximately 9% or nearly equivalent in

magnitude to the tail ice contribution.

It was found that the pitch damping state coefficient
showed no change due to ice in the flaps—up case, however when
the flaps were lowered 10 degrees and there was ice on the
wings, tail, or both this coefficient was degraded

approximately 23%.
The aerodynamic pitching moment coefficients investigated
are presented below. The lines designated as "baseline" re-—

present the dry air baseline testing. The iced configura-

8.1.20




tions are defined using the letters E thru J, with multiple
designations for a given curve indicating that there was no
discernable difference between results for the different

configurations.

Letter Code Rircraft Configuration
E Cruise configuration, aircraft all iced
F Cruise configuration, aircraft complete tail

and struts iced

G Cruise configuration, aircraft vertical tail
and struts iced

H Cruise configuration, aircraft horizontal

tail and struts iced

I Cruise configuration, aircraft struts iced
J Cruise configuration, residual ice only
Eigure ¢
Cm 8.1.5a - 8.1.5b
Cm6 8.1.7a - 8.1.7d
e
8.1.21

REV A
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8.1.4 Stick Free Stability Rudder Float Ratio

REV A

An analysis was done on the stick free stability rudder
float ratio. This ratio Ché /ChB was mgasurcd by performing
an agsymmetric power side:iip maneuver. The baseline test
consisted of a slow deceleration from 95-72 KIARS and the hinge
moment ratio was calculated at 7.5. With a small accretion of
rime ice this ratio decreased to 4.8 as measured by a slow

deceleration from 89-86 KIARS.

Time history plots are presented to show the effect of
ice on the vertical fin. These are presented for six runs
from two flights in Figures 8.1.8a thru 8.1.13g. Perhaps the
most interesting time history of this series is run 25, flight
23, which shows a decrease in vertical fin power due to ice.
For five selected runs the ratioc of thch was calculated and

B
plotted in Figures 8.1.14 and 8.1.15.

Figure #
Time history for N111+35A 8.1.8a -~ 8.1.8g
Time history for N111+437A 8.1.9a - 8.1.9g
Time history for N123+23A 8.1.10a - 8.1.10g
Time history for Ni123+24R 8.1.11a - 8.1.11g
Time history for N123+25A 8.1.12a - 8.1.12g
Time history for Ni123-26A 8.1.13a - 8.1.13g

Ch6 /ChB plot for runs N111+36A & N111+37A -~ B8.1.14

r
Ch6 /Ch6 plot for run N123+24A, N123+25A & N123+26R - 8.1.15
r r
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This Appendix caontains a table of the flight test data base (Table
A. 1) used 1irn KSR flight test analysis. The table contains the

pertirnent variables with their corresponding computer rnames and units.

The flipht test data base is saved on MRAG TARPE in the following
format. The data are stored as 5 records per physical blocok. Each
record of 200 words (32 bit flocating point) represents ore time slice
of flight test data. Table A.2 defivres the floating representation
used on the Cadmus 2000, The nrumber of each variable irndicates the
corresponding word in each block where the value 1s stored. The tape
is particned into files separated by ore EOF mark with the firnal file

endivig with two EO- marks.

Fcr each file, valid data begins with the first block after the
block whers BLKCNT equals —-300, It ernds wheri BLKCNT equals —600. In
the blaock wheri BLKCNT eguals -30Q0, variable #4 contains the appraxi-—

mate size aof the file in blacks of 00O words.

Normally, data are sampled continucusly, however, the KSR DAS hac
the capability ta "pause'. A pause of arbitrary length 1s signified
by Engineering Status Byte equal to 100 for the first block after tne
pause. The DARS alsa can sample in a "burst" mode, where, 1t wiil
alterrvately record eight samples at 8.5 Hz and thernt pause fur orne to
19 seconds, For these cases ESEI = 101 to 115 for the Tirst sample
afte the pavce. The last twr oiopats of'ESHI are approximately ecua

to tne lermpth of the psuse 1n seconds.




N1 FTDB VARIABLE LIST

TABLE A.] LeRC Twin Otter Icing Flts
Twin Otter Date: O3Maré€s
DHC-46-004 Time: 15:40¢
FIDB NUMBER VARIABLE NAME cHanNEL
1 FILCNT (DIGITAL) 1
2 BLKCNT (DIGITAL) 2
3 ESB (DIGITAL) 3
4q ASB (DIGITAL) 4
S TIME (SEC) 5
é AX (G) 6
7 AY (G) 7
8 AZ (G) 8
4 PITCH RATE (DEG/SEC) %
10 ROLL RATE (DEG/SEC) 10
11 YAW RATE (DEG/SEC) 11
12 PITCH ATT (DEG) 12
13 ROLL ATT (DEG) 13
14 DELP_ALPHA (PSF) 14
15 DELP_BETA (PSF) 15
16 DELP_REF (PSF) 16
17 DELTA_A_L (DEG) 17
is8 000 —-=-- 0
19 DELTA_E (DEG 19
2¢ DELTA_R (DEG) 2e
21 FLAP (DEG) 21
ce  =mm—= o)
L o
s == o
25 RFNY] &%




TABLE A.1l, CONT'D

26
22
28
29
30
31

32
33
34
35
36
37
38
39
40
a1
42
a3
aq
as
46
47
a8
49
50
51
52
53
54

SS

RPN@2

DIFF_PRESS
AIR_TEHNP
INERT_VREF
STAT_PRESS
CPT_VREF
BATTERY_A
FUEL_USED
PAF

PEF

PRF_L
PRF_R

PRF_NET

N1_R
PROP_RPH_L
PROP_RPM_R
TORQUE_L
TORQUE_R

FUEL_FLO_L

(PSF)
(DEG_K)
(VOLT)
(PSF)
(VOLT)

(VOLT)

(LB)
(LB)
(LB)
(LB)
(LB)

(LB)

(%)
(%)
(%)
(%)
(PSI)
(PSI)

(LB/HR)

26

32

33

34

35

36

37

39

40

41

42

43

173

49

S50

51

52

S3

54

S5




TABLE A.1, CONT'D

56

57

S8

59

60

61

62

63

44

65

b6

67

68

69

70

71

72

74

75

76

77

78

79

80

81

82

83

84

85

FUEL_FLO_R
FUELTEMP_L

FUELTEMP_R

JOHNS_WILL
LEIGH
ROSEMOUNT

GEN_EAST

BATTERY_B
PAUSE_EVNT
PIRAM_HEAT
ROSEM_HEAT
GEAR_POS
GYRO_ERECT

PILOT_EVNT

P_CORRECTD
Q_CORRECTD
R_CORRECTD
ROLL_ACCEL

PITCH_ACCL

(LB/HR)
(DEG_K)

(DEG_K)

(VCLT)
(VOLT)
(VOLT)

(VOLT)

(VOLT)
(6 = NO

(9 OFF

(@6 = OFF

(@ = UP
(@ = YES

(6 = NO

(DEG/SEC)
(DEG/SEC)
(DEG/SEC)
(DEG/S/S)

(DEG/S/S)

56

57

58

44

65

b6

&7

71

72

73

74

76

77

78

81

82

83

84

85




TABLE A.1, CONT'D

86
87
88
89
90
?1
92
?3
%4
95
96
®7
98
99
100
101
102
103
104
10eS
104
1e?
1e8
109
110
111
112
113
114

115

YAW_ACCEL

AX_CORRCTD
AY_CORRCTD
AZ_CORRCTD
EULER_ROLL

EULR_PITCH

EULER_YAW "

EULER_P
EULER_Q
EULER_R
ALT_INDCID
AIRSPD_IND
MACH_IND
DYN_PRS_IN
CLIC

NCLIC
POS_COR_P
TOTL_PRESS
AHB_PRESS
QcC
PRES_RATIO
PRES_RAT;T
ALT_CAL
AIRSPD_CAL
MACH_CAL
DYN_PRS_Ca
CLT

NCLT
POS_COR_V

POS_COR_H

(DEG/S/S)
(G)

(G)

(G)

(DEG)
(DEG)
(DEG)
(DEG/SEC)
(DEG/SEC)
(DEG/SEC)
(FEET)

(KNOT)

(PSF)

(PSF)
(PSF)
(PSF)

(PSF)

(FEET)

(KNOT)

(PSF)

(KNOT)

(FEET)

86

87

88

89

90

21

92

?3

94

25

96

@7

o8

b4

1¢0

101

1e2

103

104

105

106

107

108

109

110

111

112

113

114

115




TABLE A.1, CONT'D

116

117

118

119

120

121

122

123

1249

125

126

1227

128

129

130

131

132

135

134

137

138

139

140

141

142

143

144

145

POS_COR_H
AIRSPD_EQ
TEMP_AHNMB
TEMP_TOTAL
THETA
THETA_TOTL
AIRSPD_TRU
DENSITY
DENS_RATIO
ALT_DENS
TTL_PRS_ST
AMB_PRS_ST
QRC_STD
PRS_RAT_ST
PS_RT_T_ST
PROP_THR_L
PROP_THR_R
FGJ_L
FGJ_R

WA_L

WA_R
RAM_DRAG_L
RAM_DRAG_R
THR_COEF_L
THR_COEF _R
CT_CALC_L
CT_CALC_R
PWR_COEF_L
PWR_COEF_R

ADV_RAT_L

(KNOT)

(DEGK)

(DEGK)

(KNOT)

(SLG/CUFT)

(FEET)

(PSF)

(PSF)

(PSF)

(LB)

(LB)

(LB)

(LB>

(LB/SEC)

(LB/SEC)

(LB)

(LB)

116
112
118
119
120
121
122
123
124
125
126
127
128
129
130
131

132

136
137
138
139
149
141
142
143
144

145




TABLE A.1l, CONT'D

146

147

148

149

150

151

152

153

154

155

156

152

158

159

160

161

162

163

1464

145

166

147

168

169

170

171

172

173

174

175

ADV_RAT_R
PRP_BETA_L
PRP_BETA_R
DEL_VE
DEL_T_AHNMB
DEL_VT
DEL_DENS

ALPHA_CAL1

BETA_CAL

ALPHA_TRUI1

BETA_TRUE
NLOAD
CG_LONG
CG_LATERAL
CG_VERT

IXX_BODY

IYY_BODY

I122_BODY
IXZ2_BODY
CG_PCT_MAC
FUEL_USED
AC_WEIGHT

FUEL_WT

ALPHA_ROS1

ALPHA_ROS2

(DEG)
(DEG)
(KNOT)
(DEGK)
(KNOT)
(SLG/CUFT)

(DEG)

(DEG)

(DEG)

(DEG)

(G)

(FEET)
(FEET)
(FEET)
(SLG-SQFT)
(SLG-SQFT)
(SLG-SQFT)
(SLG-SQFT)
(%)

(LB)

(LB)

(LB)

(DEG)

(DEG)

1446
147
148
149
150
151
152

153

156

157

140
161
142
143
1464
1465
166
167
148
1469
170
171

172

124

175




| TABLE A.1, CONT'D

176

1227

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

19S

1946

192

198

192

200

BETA_ROS1
BETA_ROS2
TEMP

DPAOQ
ATAN_AXAZ
TORQUE_P_L
TORQUE_P_R

TEMP_AIR

(DEG)

(DEG)

(DEG)

(PSI)

(PSI)

()

176

177

178

179

180

181

182

183




TRBLE A.2

Real#*4:

S eeee eeee mmmm mmmm mmmm  pmam armm e mnm

where s = sign (O=pos, 1=neg)
e = exponent (ursigrned binary integer, excess 127 code)
m = mantissa (binary fraction, normalized with leftmost
bit implied)
Example:
exp—127
+/-c * l.mantissa
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