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INTRODUCTION

Agility is the capability of an aircraft to quickly perform commanded maneuvers. The
agility of helicopters is becoming increasingly imiportant with the recent emphasis on
nap-of-the-earth (NOE) tactics in hostile environments. The problem of delivering close
support and obJervation in a mid-intensity conflict is made more difficult by new,
sophisticated fire control systems. The vulnerability of the helicopter has been increased
by these new weapcn systems, which have high rates of fire, are able to penetrate foliage,
and are augmented by greatly increased detection abilities that allow sophisticated radar
range firing, and automatic range corrections and radar directing. High-<.eed flight is no
longer sufficient alone; it is aiso necessary to have good agility, through greater
acceleration capabilities, to evade the new weapon systems.

The object of the investigation described in this report was to deterrnine the effect of
increased available power on helicopter agility while performing evasive-acceleration type
maneuvers. increased power should allow faster accelerations, thus making a helicopter
more agile.

There are four sources of power for a helicopter: the engine (installed power), rotor
inertia (rotational kinetic energy), altitude ioss (potential energy), and airspeed loss
(kinetic energy). Gains of potential and kinetic energy are impractical in the NOE
environment, where the helicopter cannot afford to lose altitude or airspeed. Installed
engine vowar and rotational Kinetic energy are the remaining sources. The approach
taken in our investigation was limited to increasing the horsepower of the engine. The
use cf increased rotational kinetic energy was not investigated because we lacked the
ability to model rotor inertia effects.

A standard OH-58 was chosen as a representative scout-type helicopter to be used as a
base!ine vehicle. Helicopter flight performance was calculated for selected maneuvers with
the aid of the Maneuver Criteria Evaluation Program (MCEP). Then the performance of
an OH-58 with increased horsepower was calculated for the same maneuvers te identify
the potential improvements in agility.




VEHICLE CHARACTERIZATION

The characterization of the standard OH-58 helicopter, used in this investigation, is as
follows:

STANDARD OH-58

Number of blades 2

Rotor radius 17.650 ft
Rotor chord 1.08G ft
Tip speed 654.0 ft/sec
Blade section lift curve slope 6.28/rad
Blade section drag Cp = 0.008a + 0.59a2
Drag divergent Mach number 0.75
Equivalent flat plate drag (8 = 0°) 9.7 ft2
Equivalent flat plate cdrag (8 = 90°) 102 2
Gross weight 2767 b
Allison T63-A-733 Engine 317 shp

The modified OH-58 with increased power had the same characterization as the standard
OH-58 excent that the engine prodiiced 420 shp (representing an Allison 250-C-208).

We assumed that the modified version would have an uprated trensmission, that the rotor
would have the aerodynamic and dynamic qualities to allow the increased thrust, and
that the modification would not change the gross weight of the vehicle. Standard sea
level conditions were used in the calculations {(US Standard Atmosphere, 1962).
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DESCRIPTION OF THE MANEUVER CRITERIA EVALUATION PROGRAM (MCEP)

The MCEP is a digital computer program that solves helicopter flight path equations.! The
program uses basic work, energy, and power relationships to calculate a helicopter’s ability
to change its speed and direction. The program predicts how much power is required by
the helicopter as a function of the flight condition, the load factor, and certain physical
parameters of the helicopter, from a set of closed-form equations. Any excess in engine
powe, over the power required at the specific flight condition may be used by the
helicopter to increase altitude, airspeed, or rotor speed, or to change direction. The
concept of changing energy levels to control the direction and speed of flight is explained
in Reference 2.

The power requirements of an OH-58 as calculated by the MCEP correlate weil with data
obtained from actual flight tests (Figure 1). Examples of program gutputs are given in
Appendix A.

17, L.. Wnod, D. G. Ford, and G. H. Brigman, Maneuver Criteria Evaluation Program, Bell
Helicopter Company, USAAMRDL Technical Report 74-32, Eustis Directorate, U. S, Army
Air Mobility Research and Dsvelopment Laboratory, Fort Eustis, Virginia, May 1974,

AD 782209,

2C, D. Wells and T. L. Wood, “Maneuverability—Theory and Application,” Journal of
the American Helicopter Society, Volume 8, Number 1, January 1973.




DESCRIPTION OF THE MANEUVERS

The maneuvers chosen for the investigation were representative of maneuvers flown in
NOE. The selected evasive-acceleration type maneuvers were:

Bob-Up

In this maneuver the helicopter changes altitude while maintaining a constant attitude
by climbing vertically from a hover.

Pop-Up

This maneuver is simifar to the bob-up except that it is initiated at low airspeeds. The
helicopter gains altitude while maintaining a constant attitude and ground speed.

Lateral Acceleration and Deceleration

In this maneuver the helicopter accelerates to the right or left from a hover while main-
taining a constant altitude and tracking a target. The helicopter accelerates until the
desired sideward velocity is reached; then it decelerates to a hover while still tracking the
target. This maneuver is controlled by the bank angle that the helicopter maintains in
the acceleration phase of the maneuver.

Lateral Acceleration With Recovery

In this maneuver the helicopter accelerates to the richit or left from a hover while main-
taining a constant altitude and tracking a target. The helicopter accelerates until a com-
mand velocity is reached; then the helicopter stops tracking the target and swings its nose
into the wind.

Longitudinal Acceleration

In this maneuver the helicopter accelurates to a specified velocity while maintaining a
constant altitude and attitude. The thrust vector of the main rotor is tilted so that the
horizontai component is increased until the power required matches the power supplied by
the engine.

Longitudinal Deceleration

In this maneuver the helicopter decelerates to a specified velccity while maintaining a
constant altitude and attitude, through a power relationship in which the available power is
determinad by the specified minimum power allowable.

All of the above maneuvers are fimited by the power available and are controlled by the
rate at which the power is applied with the exception of the longitudinal deceleration
maneuver. In each case, the power was applied at the fastest possible rate, simulating
maneuvers of maximum urgency.
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RESULTS AND DISCUSSION

The MCEP simulations showed that horsepower has a significant influence on the agility
of the OH-58. Selected time histories from the series of simulated maneuvers are
presented in Figures 2 “hrough 7.

Bob-Up

Time histories for the bob-up maneuver are shown in Figure 2. In this manevuer, the
helicopter was initially hovering and was cmmanded to rise 50 feet in the minimum
time. The simulated maneuver was performed with the maximum power available. Both
helicopters had the same vertical jerk limit, which is the rate of change of load factor.
This is usuaily a limit imposed by the pilot and was set at 0.5g/sec for this investigation.
Thie limit can pe seen in the time histories of the normal load factors, where the initial
slope is the same for both helicopters. The difference between the performance of the
helicopters is the ability of the helicopter with 420 shp to attain a maximum load

factor of 1.5, resulting in a maximum vertical velocity 11.6 ft/sec; while the helicopter
with 317 shp can only reach a 1.27 load factor, resuiting in a meximum vertical velocity
of 3 ft/sec. This difference in maximum vertical velocity affected a significant parameter
in this maneuver: the time it took each helicopter to reach 50 feet. This difference in
ability is important in NOE, where a helicopter might bob up from behind ground cover,
such as trees, for surveillance or a rapid gun burst. The helicopter with 420 shp was
able to stabilize at 50 feet in 6.3 seconds; the helicopter with the standard, 317 shp
engine took 17.4 seconds.

Pop-Up

The pop-up maneuver is controlled in exactly the same manner as the bob-up; however,
the helicopter has forward speed in the pop-up maneuver. For the pop-up showr in
Figure 3, the forward velocity was set at 15 knots. Because less rotor-induced power is
required and because the system has more kinetic energy, more of the engine's total
energy is available for the maneuver. The helicopter with 317 shp was able to climb to
50 feet in 7.85 seconds, at a maximum vertical velocity of 8 ft/sec; while the helicopter
with 420 shp climbed to 50 feet in 3.45 seconds, attaining a maximum loag factor of
1.69 and a maximum vertical velocity of 25.4 ft/sec. In fact, the modified OH-568
overshot and did not arrest its vertical velocity unti! 5 seconds at an altitude of 57 feet.
The differences in performance indicate the value of increased available horsepower. The
results of this mancuver also allow an observation relevant to tactics. A helicopter is
much more agile in a pop-up maneuver than in a bob-up maneuver: the time needed to
reach 50 feet was halved with only 15 knots of forward speed. The resuiting longitudinal
ground run may be significant when considering the terrain and foliage, arnd was 199 feet
for the standard OH-58 and 127 feet for the increased horsepower model.

Lateral Acceleration and Deceleration

Lateral acczleration and decleration mareuvers are important in NOE tactics. For exampie,
a helicopter could be flown sideways from behind a group of trees to allow the observation

9
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of or to fire at the enemry. Also, the maneuver can be used as an evasive tactic that
allows the target to be t.acked at the same time.

The simulated maneuver we performed involved a lateral acceleration from hovar to 30
knots and, immediately, a deceleration back to hover. In this maneuver the thrust vector
accelerates and decelerates the helicopter, and is controlled by the bank angie. The bank
angles for acceleratiors and deceleration were opposite but of egual magnitudes. The bank
angle was reversed when the desired sideward velocity was approached.

Increased horsepower did not improve sideward acceleration and deceleration as much as
it improved pop-up and bcb-up (see Figure 4). The helicopter with the increased horse-
power reached 30 knots about 1/2 second sooner than the standard OH-58.

l.ateral Acceleration With Recovery

Additional power improved the performance of the lateral acceleration with recovery
maneuver more than it improved the performance of the lateral acceleration and clecelera-
tion maneuver. In this maneuver (see Figure 5), when the helicopter approaches the desired
35-knot lateral veiocity, it rotls to a bank angle at which the tt st vector balances the drag {i.e.,
no acceleration). Then the helicopter stops tracking the target, swings its nose into the
wind, and maintains the commanded recovery velocity. The helicopter with the increased
horsepower was 1 second ahead of the standard OH-58 and reached a maximum latera!
acceleration of 31 ft/sec?, at a bank angle of 45 degrees, while the standard OH-58 was
able to reach a maximum lateral acceleration of cnly 20 ft/sec?, at a bank angle of 32.5
degrees. In both lateral acceleration maneuvers, the acceleration of the high power heli-
copter could have been even better had the helicopter been allowed to bank more than
45 degreas. The bank angle is limited by the pilot; many pilots might exceed 45 degrees
bank. The standard OH-58 wes limited by its power in each case, having bean able to
reach bank angles of only 38.4 and 32.5 degrees.

Longitudinal Acceleration

The longitudinal acceleration of the helicopter was significantly affected by the additional
horsepower. Time histories for a typical longitudinal acceleration run are presented in
Figure 6. As can be seen in the figure, the high horsepower helicopter was run at 378
shp, although the actual installed horsepower was still 420 shp. The maneuver was run
with 90 percent of the available engine power since the application of full power caused
the high pcwered heiicopter to assume an angle of attack exceeding -80 degrees in an
effort to use all of the powe: available. This is unrealistic, of course, and the maximum
power setting was consequently reduced. The results of the standard helicopter reflect
the maximum performance of *hat helicopter since the power setting was 100 percent.
With 378 shp, the modified helicopter attained the desired speed of 60 knots 1.5 seconds
before the 317 shp helicopter.

Longitudinal Decelerations

The effect of increased horsepower on the results of the longitudinal decelerations is
inconclusive (Figure 7). This is a result of the manner in which the longitudinal decelera-
tion is modeled in the MCEP. In this program, longitudinal deceleration is controlled by
the minimum power allowed from the engine during the maneuver, while the maximum
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deceleration: is restricied to a negative 0.5g. The deceleration is not a function of the flare
attitude and maximum power available. The minimum power allowed is specified by the
user; whereas the restriction on the maximum deceleration is specified within the MCEP.
For the maneuvers presented in Figure 7, it was specified that both helicopters be
allowed 10 percent of their maximum installed horsepower. Thus the standard OH-58 had
a minimum power limit of 31.7 shp, and the modified OH-568, a minimum power limit of
42 shp. This resulted in the standard OH-58's decelerating t a hover soonei than the
modified one. In practice, the pilot determines what his lower limit shoulu be; if he had a
maximum installed power equal to 420 shp and limited his power to 7.4 percent, the results
would be identical to those obtained with 10 percent of 317 shp. Furthermore, in practice,
the pilot is more likely to decelerate the helicopter by flaring to a pitch-up attitude and
increasing the thrust vector, providing a force in opposition 10 its motion. if this were
allow.d, the agility would improve with increased horsepower.
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CONCLUSIONS AND RECOMMENDATIONS

Increased installed power has significant effects upon the agility of the OH-58. This is
shown in the results froms the bob-up, pop-up, and lateral and longitudinal accelerations,
where increased :nstalled power produced improved agility. This is particularly important
in NOE missions where, in general, agility cannot be gained through other sources of

energy. The gaininy of energy through airspeed and altitude losses is impractical in the
NOE environment.

While ti- longitudinal deceleration results did not indicate improved agility, due to the
manner in which longitudinal deceleration was modeled, in actual NOE flight the pilot
wnuld probably use a technique that would result in improved agility if a minimum
deceleratinn time was essential.

. o i
Hortdaa st ba RS 00 T ot 5 RN g DT AR RN IR T A

Piloc.” techmnues and limitations play an important role in the performance of a helicop-
ter. This cen be seen from several of the maneuvers in this investigation. The pilot
possesses cer2in limits with resoect ro rates and reaction iimes. The helicopter possesses
another cet of limits. If the helicopter’s abilities are improved so that its limits are beyond
those of the pilct’s, the pilot’s limits will obviously prevail, and the improvements to the
heiicaptar wiil 4o unnatic~d.

k.

To establish helicopter decign criteria that reflect the limitations of the pilot, the following i
1 westigations shiould be made with the use of a ground-based simulator:

1. An investigation of the pilot's tolerance to anguiar rates and accelerations
experienced in lateral and longitudinal maneuvers.

2.  An investigation of the effects of angular rates and accelerations on the pilot’s
ability to maintain control of the aircrait.

Another source of power, increased rotor inertia, should also have a beneficial effect on
maneuverability and agility. It has been ~stimated that an OH-58 with approximately 50
pounds of weight added 1o each blade tip would have 20 to 50 percent more power
available for guick maneuvers than a standard OH-58.

B R T P D

To facilitate research into the effects cf rotor inertia on agility, the MCEP should be
modified to handle 'ariable main rotor inertia and rate ¢f rotor revolution. This would
also allow an investigation of a potentia! “reserve’’ maneuverability in the event of a
power failure during NOE and improved autorotation landings.
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Figure 6. Longitudinal acceleration to 60 kiots.
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APPENDIX A
SAMPLE MCEP QUTPUTS

This appendix containe examples of the outputs provided by the MCEP. The required
input data for the OH-58 helicopter and the initial conditions are given in Table A-1.

A time history or the bob-up maneuver for the 420-shp helicopter is shown in Table A-2.
While calculations were made every .05 second, only every fiftn time-history computation
was printed. Table A-3 is a summary of the bob-up. For convenience, the format of

this output has been standardized. In some cases this means that labels such as “DESIRED”,
“ACTUAL", and “ERROR’’ are not meaningful but simply identify end points of the
maneuver segment. Power and altitude histograms for the bob-up are shown in Table

A-4. The "RELATIVE FREQUENCY" gives the fraction of total flight time spent in each
interval of the histogram, while the “RELATIVE CUMULATIVE FREQUENCY" gives the
fraction of flignt time spent in the current interval and all preceding intervals. The MCEP
1 also prints load factor and velocity histograms.

o e ———

i Tables A-5, A-6, and A-7 provide typical outputs for the lateral acceleration with recovery
maneuver for the OH-58 with 317 shp.
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TABLE A-1. OH-58 HELICOPTER INPUT DATA

MANEUVERCRITERTAEVALUATIDN-—PROCRAMN
HELICOPHER—INPUT- DAL
DIGITAL
—VARTADLE— —NAME—— VAL UE—UNETS—
NUMBER UF BLADES 8 2,090 N,D,
1%} 1 Y ]
ROTOR RADIUS R 7,650 P17
K3 » N
TIP SPEED WR 654,000 PTY/SEC
3 —x20- v
BLAJYE DRAG COEFFICIENY
— DELY 0503800}
DELY 0,0 /RAD
DELR- —0 SV —7RADRRAD-
ORAG DIVERGENT MACH NUMBER MCRO 0,75¢ N,D,
A EVERGENT—THRUST—GOEFFICIENT-CURVE
TCt 0,100 9,
re2- 07200
MAXIMUM THRUSY COEFFICIENTY CURVE
TE 0T3O N O
TCM2 0,0 N,D,
«eve
PUSELASE ANGLE UF ATYACK COEFFICIENTS
KAF¢ 85643
KAf2 2, 478 1/626
K*Fi———-i-&
XAFg4 1,600
—AFS 03— SEEEE—
KAFs 0,800 N,D,
**Ff———‘——1—5
KAFS8 240,000 N,D,
- WHING—ARER 40— ‘f?" rf*m}__m
WING INCIDENCE Iw 0,9  DEG
M [ ] eave
NING ASPECT RATID ASR 0,0  N.D,
RAG—ATZERBEIFT— €00————— 030 — N0y ——
(NING LIFY CURVE SLOPE AL2D 0,0  /RAD
—— PO O— N D -
NING EPFICIENCY FACTOR WEFF 0,0  N.D.
WEH—LOAD—FACTOR— NIWDN—
| MAXIMUM POSITIVE LIFT COEFFICIENT CLMAXP 0,0  N,D,
AR MM NE BT IVE -G COEFPIC N ———— CEMAXN— 03 0—— N Do ——
LINIT DIVE VELOCITY vDL 190,000 Xt
MM VL OCTTY—TO—THE—RICHT ——————w¥MRT— ——
MAXIMUM VELQCITY YO THE LEFTY VMLT '60,000 Ky
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TABLE A-1. CONTINUED : B
r A :
DIGITAL )
VARIABLE NAME VALUE  UNITS
TIME CONSTANT POR GAMMA TAUP 1,000 SEC .
TIHE CSHSTANT POR ROLL TAUR 0,550 SEC
TIME- CONSTANTY FOR CHI TAUY 2,00y SEC
MAXIMUM RATE FOR GAMMA ARPMX 30,000 DEG/SEC
MAXEIMUM RATE- FOR-ROLL ARRMX 60,000 DEG/SEC-
MAXIMUM RATE FOR CHI ARYHX 60,0V0 DEG/SEC
MAXEIMUM ANGLE FOR GAMMA GAMMP 60,000 DEG-
MINIMUM ANGLE FOR GAMMA GAMMN “60,000 DEG
VERTVICAL JERK LINIY YJERK 0,500 6,8¢¢
ERROR IN ANGLE CALCULATION EPA 0,080 DG
ERROR- IN- ANGULAR- RATE CALCULATION- EPAY -0,95¢- - DEG/3EC -~
A!RCRAFY FLIbH! cn~01710~
e - o - DIGITAL - - -
VARI&BLE NANE YALUE UNITS
L GROSS WEIGHT——— - G e 276345004 —tg——
EQUIVALENT FLAY PLATE DRAG(BETA=Q) Fo 9,700 Fyna2
CQUIVALENT - FLAT-PLATE-DRAG(IETARIQ) — - r&— - 102,000 Fyread - .
VELOCITYY 0,0 Ky
AMIFIUDE - —- - — - - n 990 - FF-- -- -
HEADING cHl 0,0 DEG
-ALR-DENSITY e AW 0y 002 BLUGS/ETar3-
SPEED QOF sSOUMND vs 1116,000 Fy/SEC
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TABLE A-3. SUMMARY ~ THE BOB-UP MANEUVER — 420 SHP J
EXECUTION TARGET LOCATION = FT T
LIME_=SEC XE. vE 7t B
0.0 0o Oe O —_—
ACHIEVE G 6e0
aLD. G 0.0 —_— — e e
_11MF ALRCRAEY LOCATION = FTET MELUCITY  HEADING
sEC. XE vE 7t KNOTS vEG
ENTRY 009 T e. e. o, 0 o0
x11 _ou30_ . D SUR-? SEUSUY 3. SR A S

! | FLY PAIM . SLANT . LOAD.EACINR=C .- - YELOCITyexT . EXITY. .
AMGLE RANGE MIN MAX MIN MAX HEADING
GESIRED 0.0 0. 04500 1,566 0¢0 0,90 0,0
ACTudL 90,0 0. 0.6B6 1 .S566. Bali . 0,9 = __Q.n
ERROUR =90,0 0, =d.186 0,600 0,0 =6,9 0.6
BANK ANGLE  AIs POINT - FFET
MAX XE YE 2E
DESIRED 0.0 Qe ... 0O, =50, . ..
ACTU‘L o.J 0. 0‘ -Sol
FRROR u.u S, DU 2 O, . e

24
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TABLE A-4. HISTOGRAMS FOR THE‘BOB-UP MANEUVER — 420 SHP
| S =~ - —
HURSEPUWER HISTOGRAM
. HNORSFPOHER  NuUMgFR OF  RELATIVE  RELATIVE CUMULATIVE
INTERVAL=HP NCCURRENCES FREQUENCY FREQJUENCY
0,0 » 20400 v 0.0 00
' 20,00« 43,00 () 0,0 - 0,90
4000~ 60,00 0 0.0 0.7
b0, 00w 80,00 0 0,90 )
' 80,00« 100,00 0 0.0 0,0
‘ oS0 120,00 Q 0,90 0.4.0 —
120,00« 149,00 v 0,90 040
} 140,000 160,00 It} 0.0 n,0
160,00~ 189,00 v .0 0,0
| 180,00 200,00 17 0.1339 0,133y
200,00= 220,00 tv 0.0787 0,2126
= 9 20,0709 0.2835
280,00= 300,00 6u 0,4724 00,8661
300,00=  320.30 2 0,0157 0,8819
320420« 340,00 2 0.0157 0.8976
340,00= 360,00 2 0.0157 049134
8 - 2 0.0197 0,9370
400,00- 420,00 8 0.063%0 140000
ALTITUDE HISTOGRAM
ALTYITUDE NUMBER (IF RELATIVE RELATINME CUMULATIVE
INTERVAL=FT NCCURRENCES FREQUENCY FREGQUENCY
—
00 = 5400 24 0,1890 0,189¢
S o008 1900 9 0.,0709 0.2%98
| 1500 20,00 9 _ __0.0709 0,393y
25¢ 92— 30 00— B _ 0.0630——
30400~ 35400 9 0.0709 0,5984
—_— 00709
40400= 43,00 9 0.0709 0,7402
—S50,00—  $8 0 4447 08819
50,60~ 55,00 14 g.8t02 049921
—b e 0,992y
60400 65,00 0 0,0 0,9921
70400m 75,00 ¢ ¢,0 00992‘
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TABLEZ A-6. SUMMARY OF THE LATERAL ACCELERATION WITH RECOVERY
MANFUVER — 317 SHP
“‘w
TANF OF NAAEUVER: SIDEWARD ACCEL & TYURN INTO WIND
i
EXECUTION TARGEY LOCATION « FT
TINE «SEC 244 YE r 44
ROLEIN 0.0 1Yo, 7. Us
ACHIEVE 6 0,0
HOCD G LYY
YIVE —  AYRCRAFY LOCATION = FEEV VELOCTYY ——REAUING |
SEC, XE YE P43 KNOTS DEG
ENTRY 22,70 0¢ -77, =50, 0,0 360,90
T+85 =0« 299, T =80, 34,9 9,0 |
_—-—TET_FKT“—SUINT“'TU‘D‘FIITTUR‘B—— VELOCITYRKT " EXYIY
ANGLE RANGE Ml MAX MIN MAYX HEADING
DESIRED .0 0. 1,000 1.1806 0e0 35,0 90.0
ACTUR 0,0 0, 1:000 1. 181 00 3 Y900
!RROR 0.0 0. 000 0.@05 .oﬂo o.l 0.0
BANK ANGLE AIM POINT « FEET
LT Y xXE Ye t
DESIRED 3?.g5 U, Uy G. -
‘CTU‘L 32.5 -o. 299. -50.
ERROR o0 - Ue =99, -1 P

| ——————————.
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{TTABLE AJ. HISTOGRAM FOR IHE LATERAL ACCELERATION WITH RECOVERY
! MANEUVER ~ 317 SHP
HORSEPOWER HISTOGRAM
T HORSEFURER RUMBER OF ~ ~ RELATIVE —  REUATIVE CURU[ATIVE
INTERVALwAP OCCURRENCES  FREQLENCY  FREQUEMCY
0s0 » 20.0¢C ¢ 0.0 0.0
e, 00w H0.GU (13 5.0 0.0
89,000 60,00 0 0.¢ 0.0
BI1XIL B9 00 (1 ) 0.0
80,00~ 100,00 0 0,0 0.9
X0« 00® 120,00 [] 0,0 9.0 ]
120,00 340,00 38 0,2459 0.2159
[ TU0, 000 160,00 B 6,1023 0,318
i6°l°°0 380.00 32 0.1318 0&5000
2 G0v  I06.0F 4 0.0227 T 00,5227 7
200,00~ 220,00 2 e,0114 0.5341
00 240,00 Y TTT0,0956 0.6307
240,00 260,00 7 0,0398 0.6705
] - 0400 8 9,0“55 OOTr§6
280,00 300,00 38 0,2159 0,9318
[300.00» 320, e 0,0682 10000
320,000 340,00 0 0,9 1.0000
| 340,00 360,00 0 0.0 1 U000 o
360400« 380,00 1} 2.0 10000
2 00e N 0 0.0 1. 0000
4004000 420,00 v 0.6 __1.000¢
hw_———_:-‘ — — ﬁ
28 163-Tv
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