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SUMMARY

The Army is concerned with the problem of unequal load sharing by the
engines in its multiengine helicopters. Findings of an engine load­
sharing study conducted on the CH-54A Skycrane helicopter in 1965 led
to a similar study on the CH-47A Chinook helicopter.

Airspeed, altitude, engine gas producer rpm. engille torque. exhaust gas
temperature. main rotor rpm. and outside air temperature were re­
corded during various flight conditions. The gross weight at takeoff and
landing and the barometric pressures were also recorded as supplemen­
tal data. The data are pI esented in a series of histograms and tables
showing the variations i,-. engin., load sharing as a function of the other
aircraft parameters.

It was found that for the CH-47A Chinook. the relative frequency of oc­
currence of torque splits greater than 20 percent is less than one-half
that for the CH-54A Skycrane.
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FOREWORD

This report was prepared under Project IM131201Dl«15. Hoase-Task
65-29 a. a follow-up to an earHer engine load-sharing study performed
on the CH-54A Sk}·crane helicopter.

Acknowledgment is given to Technology Incorporated for acquiring the
engine load-sharing data in conjunction with a concurrent operational
llight-loada study in Vietnam. Mr. Joseph F. Braun. the project engi­
neer. and Mr. Bob Englehart, a field technician. were primarily respon­
sible for the recording 01 346. S9 hours of operational fl.iih~ data 0:1 the
unarmed CH-47A aircraft.
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INTRODUCTION

The U~ S. Army Aviation Materiel l.aboratories (USAAVLABS) is in­
volved in resea.rch anti advanced development of multiengine heavy-lift
helicopters. An important consideration in the design of these aircraft
is the load dis:.ribution between the engines. In 1965 a study was con­
ducted of engine load-sharing characteristics of three instrumented twin­
engine CH-54A Skycrane helicopters at Fort Benning. Georgia.* As a
follow-up to that program. data were collectp,d from four instrumented
twin-engine C:H-47A Chinook helicopters operating in Vietnam from
January 1966 to May 1967.

The same para.meters were measured for the CH-47A Chinook as for the
CH-54A Skycrane except that two exhaust gas temperature measurements
were added to the Chinook instrumentation in order to obtain a more ac­
curate gage of engine performance.

An oscillograph recordi.llg system was used to record data on the follow­
ing parameters: airspeed, altitude. Imdn rotor rpm. engine gas producer
rpm. engj,nf~ torque. outsIde air temperature. and exhaust gas tempera­
ture. Ver~lcal acceleration a~ the aircraft's center of gravity. baro­
metri.c pre:isure. and aircraft gross weight were also measured and
recorded as supplemental data.

The data were scanned for significant engine torque splits. and sample
pointe were selected for presentation. The measured parameters were
reduced by standard meth.:>d&. and histograms were drawn to relate the
tox-que splits to the other parameters.

*L. R. Bartek and David Chestnutt. CH-54A SKYCRAl,E ENGINE LOAD
SHARING, USAAVLABS Technical Report 66-~7, U.S. Army Aviation
Materiel Laboratories. Fort Eustis. Virginia. May 1966. Ai> 634503.
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OBJECTIVES

Following are the objectives of this study:

1. To obtain an estimate of the frequency of occurrence and the
severity of unbalanced engine loading conditions on the CH-47A
Chinook helicopt~r.

2. To establish the aircraft flight conditione at which the engine
load unbalance is most severe.

3. To compile data to permit a comparison of the engine torque
splitting characteristics of the CH-47A Chinook with those of
the CH- 54A Skycrane previously investigated.

z



PROCEDURES

INSTRUMENTATIC' 'l

The engine parame ers (exhaust gas temperature. torque. gas producer
rpm. and main rot- r rpm) were obtained in a manner such that the values
recorded were eqm ..alent to cockpit instrument readings. The actual
aircraft instrumentltion systems were used for signal generators.

Airspeed was mea! -Ired by attaching a difierential pressure transducer
to the aircraft pitot system. pressure altitude wC!s measured by tapping
the aircraft static pressure system and utilizing an absolute pressure
strain-gage trc tlsducer. and outside air temperature was measured by
gluing a r ~sist mce-type thermoribbon to the underside of the aircraft.

This engine load-sharing study was conducted in conjunction with an
operational flight-loads measurement program. Parameters recorded
but not used in the engine load-sharing study included: vertical accelera­
tion at the aircraft's center of gravity, collective stick position, and
longitudinal cyclic stick position. All of the si&nals generated by the in­
strumentation systems aboard the aircraft were recorded on a Century
Model 409B oscillograph recording unit. A block diagram of the instru­
mentation and recording system is presented in Figure 1.

DATA REDUCTION

Sample Selection

The data from which samples were collected were grcuped into two cate­
gories: (1) data in which instrumentation was complete and operating
properly, and (Z) data in which one or more channels were malfunction­
ing but the torque instruments were Clperating as intended. Also in­
cluded in category Z were data collected early in the program. when only
one exhaust gas temperature and one gas producer rpm were being mon­
itored. Tables I and II constitute the compilation of data samples rep­
resenting ~ategory I and category Z, respectively.

Data accumulated totaled 346.59 hours; 2')2.57 hours were in category I,
and 144. OZ hours were in category Z. D:i;a samples were selected by
scanning the total 3-t6. 59 hourE; of data and looking for instances in which

3



the torque difference between the two engines was greater than 10 ~r­

cent. When this type of condition was located and the data were in cate­
gory 1. data points were calculated for all pertinent parameters. The
data samples included points in the steady-state portions of the record.
preceding and following the torquE' split. as well as points during the peak
split period. The 186 samples in category 1 contained a total of 613 data
points. This indicates a ratio of 3.32 data points per sample. Thus.
most of the torque splits were defined by taking only one or two points at
the extr~me torque-split portions of a sample. For the data in category
2. only torque was calculated. The data were segregated to promote
uniform comparability i!.mong data samples. 1£ malfunctioned or incom­
plete data had been i~~c1udedwith category 1 data. the frequency-of­
occurrence distributions might have been distorted by the absence of af­
fected parameters.

Whenever a tOTque split of greater than 10 percent occurred and re­
mained steady, only one sample was selected for calculations. If the
torque-split condition was cyclic in occurrence. with splitting and bal­
ancing alternating. a sample was selected for each cycle that occurred.
Because this method of selecting samples was used, the total time during
which torque splits of gTeater than 10 percent existed is larger than the
total time utilized in calculating data points.

The total time represented by the sample points in cate~ory 1 is 4.34
hours; this time represents 2. I percent of the total time from which data.
were selected.

Data. Processing

After the data samples were selected for analysis, the individual pGints
were calculated for tabulation. The oscillograph record contained a
reference trace, and measurements were made to establish the deflec­
tion existing between each active channel and the reference. This de­
flection was compared wit.~ the amount of denection present at a zero
point or known magnitude level for each channel. A calibration factor
was applied to the deflection between an active data point and its respec­
tive known reference level in order to calculate the phyFical magnitude
of the quantity being measured. This general method of data reduction
was applied to all parameters p-xcept gross weight and time.

Initial oscillograph chart speed was set at 4 inches per minute. but the
actual speed varied from +23 percent to -11 percent. To correct for
fluctuations in paper speed, a time calibration was run for each chart.
This was accomplished by turning the voltage channel off for a known
time while the recorder chart was running. The ratio of chart length

4



run in a known time to the distance it should have run at the rate of 4
inches per minute yielded a multiplying factor with which to calculate the
correct chart speed. Time was calculated to the nearest O. } minute.
When a record was edited for processing. a template was used which
marked time panels as if the 4-inch-per-minute chart speed were always
in effect. Later. when the data were analyzed. the time correction
factor was applied. The gross weights were calculated by using a sup­
plemental data sheet which accompanied each record. The takeoff gross
weight and the fuel ronsumption rate were listed by the technician in the
field. To calculate the gross weight at allY known time. the fuel con­
sumption rate was multiplied by the time from takeoff; this weight was
then 3ubtracted from the takeoff gross weight. Any cargo pickups or
drops were added to or subtracted from the weight calculated on the basis
of fuel consumption rate.

To illustrate. sample calculation 4. point 1. flight 84A follows:

Time

Time panel. 55.4 minutes
Volts off. 60 seconds
Length of deflected voltage trace, 4.46 inches
Theoretical length of trace, 4. 00 inches

T · . f 4.00 inches 897lme correction actor = 4 46' h =.• lnc es
True time = (time panel) (time c.orrection factor)
True time = (55.4) (0.897) = 49.69 minutes
True time to nearest 0.1 minute = 49.7 minutes

Gross Weight

The takeoff gross weight was listed as 23,087 pounds. The fuel
consumption rate was 39.0 pounds per minute for 30.8 rr.inutes;
it then changed to 34.0 pounds per :ninute when a !200-pound load
was picked up t:y the aircraft. The amount of fuel used in 30.8
minutes, at 39.0 pounds per minute, was 1201 pounds. An addi­
tional 643 pounds of fuel was used when flying for 18.9 minutes at a
fuel rate of 34.0 pounds. Thus, the gross weight of the helicopter
at 49. 7 minutes was 22,443 (23.087 - 1201 + 1200 - 643). Since
only three significant digits were carried, the value 22,400 pounds
appears in the table.
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Torque

Te- calculat€ the torque on each engine, the deflection of each torque
trace from \he reference was measured with zero torque applied.
In this case, the deflection was 2.32 inches for torque 1 and Z. 01
inches for torque 2. At 49.7 minutes., the de:lections of torques 1
and 2 fr.,~m the reference were 2. 74 inches and 2.48 inches, re­
spectively. The differer.ce in deflections from the zero loading con­
dition was proportional to the torque applied on each engine. The
slopes on the torque-measuring instruments for engines 1 and 2
were 0.770 percent per O. Ol-inch deflection and 0.730 percent per
O. Ol-inch deflection, respectively. From this information, the
following calculations were made:

Torq...e 1: (2.74 in. - 2. 32 in.) (0.770 pct/O. 01 in. ) =32. 3 pct

Torque 2: (2.48 in. - 2.01 in.) (0.730 pet/O. 01 in.) =34.3 pct

Torque split: 34. 3 pct - 32. 3 pct =2. 0 pct

(

Torque 1 ~ Torque ~ )
Averagp, torque = ~ - J

~ (3Z. 3 ~ 34. 3) ~ 33. 3 pet

Other Engine Parameters

Main roto!' rpm, gas produ-=er rpm, and exhaust gas temperature
were calculated similarly to th<. torques.

Airspeed

A slightly vari~d calculation procedure was adapted for airspeed
calculations. The differential pressure of the aircraft's pitot­
static airspeed Instrumentation system was used in conjunction
with a table of differential pressures and airspeeds to calculate
airspeed. At 49.7 minutes, the airspeed trace was 1. 30 inches

6
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from the reference. The calibration factor for the pl'essu:.. e­
measurinl! instrument in use waa 0.484{) inch of mercury. 'i'he
calibration pulse with a known resistance in the circuit was a
1. 66-inch deflection. Therefore, the calibration constant was
0.4846 inch of mercut"y per 1. 66-inch deflection. Following are
the steps used to calculate a pr€sst\re difference due to airspeed:

Pressure differential = (1. 30 in. - O. 38 in,) (0.4846 in. Hgl
1. 66 in. deflection) =0.2686 in. Hg

From a tab~e of differential pressures in inches of mercury and
velocities in knots, interpolation will yield the airspeed in knots,
as follows:

0.2.686 in. Hg corresponds to 74.7 kn

Figure 2. shows a reproduction of the s~gment of an oscillograph
record from which sample 4 was calculated.

7
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RESULTS

For the data sampled, a torque split of 20 percent or less occurs 85 per­
cent of the time (see Figures 3 and 4). Since almost two-thirds of the
sample points are the steady values preceding or following the torque
split, this distribu.tion appears to be reasonable. The remaining 15 per­
cent of the torque-split points are spread fairly evenly from 20 percent
to 100 percent.

The average torque level of more than 85 percent of the data points is
between 10 percent and 50 percent (see Figure 5). This figure and all
succeec1ing histograms are based on the categol"y I data in which each
sample point consists of a complete set of parameters.

Figures 6 through 13 show the ranges of average torque versus frequency
of occurreuce by IO-percent torque-split brackets up to the 70- to 100­
percent range. These histograms illustrate how the torque splits are
distributed by average torque level.

Figures 14, 15, and 16 show :.requency of occurrence versus average
torque ranges in percent for torque splits of greater than 10 percent
during descent, steady-state, and high-power conditions (ascent, hover,
and maneuver), respectively. During descent, more than 70 percent of
the poiLts fell i&1 the category of less than 30 p~rcent average torque.
The bulk of the data in the steady-state and high-power distributions was
between 20 percent and .70 percent. It would be expected that the average
torque for torque oplits in descent would be lower than in the other oper­
ational conditions since descent is ordinarily a low-power flying condi­
tion.

Table m lists the sample points and indicates which flight-mode category
each falls into. Nearly two-~hirds of the 186 data samples are in the
desceJlt mission segment. This indicates that most torque splits occur
at low-power conditions and are necessarily of small magnitude.

Frequency of occcrrence vers!.lS ranges of torque splih for torque splits
of greater than 10 percent for various mission segments is plotted in
Figures 17, 18, and 19; these figures can be used in conjunction with
Figures 14, 15, and 16 to show the distribution of torque splits by de­
scent, steady-state, and high-power operating conditions, respectively.
These histograms also give an indication of how much power the aircraft
were using during the torque splits. The significance of~. given
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i magnitude torque split is depeI :cnt upon average torque of the two
engines as well as absolute magnitude

Figures 20, 21, and 22 show exhaust gas temperat'u-e splits versus fre­
quency of occurrence for descent, steady-state, and high-power miss~~n

segments with torque splita of greater than 10 percent. In all three
operating conditions, 75 pe !'cent of the exhaust gas temperature splits
were 2000 F or less. Figure 2j shows exhaust gas temperature splits
versus frequency of occurrence for the 618 sample points; 92 percent of
them are less than 200oF. Since the torque-split sample points of less
than 10 percent are included in these data, Ol1e would expect exhaust gas
temperature splits to be smaller on a percentage basis. Figures 24
through 3! break down frequency of occurrence of exhaust gas tempera­
ture splits by IO-percent torque split, with brackets from 0 to 80 per­
cent; the last bracket extends from 80 to 100 percent.

Frequency of occurrence versus variation in gas producer rpm between
two engines for the total 618 sample points is plotted in Figure 33. At
80 percent of the points, the diHerence in rpm between the engines is
less than 4,000. These data correlate well with torque-split data, since
torque is a function of gas producer rpm. Figures 34 through 43 display
the variation in gas pl"odacer rpm between two engiYles versus frequency
of occurrence over the range of torque splits from 0 to 100 percent.

Nearly 70 percent of the torque-split sample points occurred at gross
weights of 20,000-24,000 pounds (see Figure 44). This is to be expected,
as the aircraft takeoff weight with crew and a ...illioad of fuel with no
cargo is 23,087 pounds. In Figures 44 through 53, gross weight is
plotted versus frequency of occurrence of sample points at torque-split
brackets of 10 percent from 0 to 80 percent; the last bracket extends
from 80 to 100 percent.

In Figures 54, 55, and 56, gross weight versus frequency of occurrence
is plotted for each category of operating conditions. The 20,000-24,000­
pound gross weight range still dominatp-s the figures.

Two-thirds of the torque-split samples occurred in descent mission seg­
ments (see Figure 57). The fewest torque splits occurred during high­
power mission segments.

Ninety-four percent of the torque-split sample points occurred at main
rotor rpm's between Z2S and 240 (see Figure 53). This distribution
c0uld be expected, since the normal operatir.g rpm for this helicopter is
between 230 and 233.

9
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In Figures 59 through 67. main rotor rpm is plotted vera .s frequency of
occurrence fer torque-split brackets covering the full range of torque
splits.

Th,. histogram of airspeed versus frequency of occurrence of sample
points (Figure 68) shows that one-fourth of the data points occurred at
less than 10 knots' airspeed and 70 percent at les3 than 70 knots' air­
speed. Since so many of the torque splits occurred during descents and
ascenh. one would expect the low-airspeed data points to ::lominai;e the
distribution of dateo.

Figures 69 through 77 show distribution of airsFeed versus frequency of
occurrence by ranges of torque splits; Figures 78, 79. and 80 show dis­
tribution of airspeed versus frequency of occurrence by mission segment.

10
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CONCLUSIONS

£ -24gqk{

It is concluded that:

1. Torque splits of greater than 10 percent for the CH-47A Chinook
occur about once per flight hour. (During the 346. 59-hour
sample period, momentary torque splits of greater than 100
percent were experienced five times.)

2. Torque splits occur mest frequently in the descending mode of
flight. High-power conditions are least susceptible to unbal­
anced engine loading.

3. The CH-47A Chinook encountered torque splits of greater than
20 percent on 15.6 percent of the sample points in the study.
(The CH-54A Skycrane encountered torque splits of greater than
20 percent on 36.5 percent of the sample points.)

4. Engine torque splits are not a significant problem at high­
gross-weight flying conditions.
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Figure 3. Summary: TCTque Splits Versus Frequency of
Occurrence (1059 Sample Points, All Data).
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Figure 4. Sum..nary: Torque Splits Versus Frequency of
Occurrence (618 Samplf. Points, Table I Data).
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Figure 5. Summary: Average Torque Versus Frequency of
Occurrence (618 Sample Points, Table I Data).
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Figure 6. Average Torque Versus Frequency of Occurrence
at 0- to IO-Percent Torque Split (338 SaTTlple
Points, Table I Data).
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Figure 7. Average Torque Versus Frequency of Occurrence at
10- to ZO-Percent Torque Split (194 Sample Points,
Table I Da~).
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Figure 8. Average Torque Vereua Frequency of Occurrence at
ZO- to 30-Percent Torque Split (Z6 Sample Points,
Table I Data).
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Figure 9. Average Torque Versus p'requency of Occurrence at
30- to 40-Percent Torque Split (6 Sample Points,
Table 1 Data).
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Figure 10. Average Torque Versus Frequency of Occur­
rence at 40- to 50-Percent Torque Split (5
Sample Points. Table I Data).
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Figure 11. Average Torque Versus Frequency of Occur­
rence at 50- to 60-Percent Torque Split (10
Sample Points. Table I Data).
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Figure 13. Average Torque Versus Frequency of O,=currence at
70- to 100-Percent Torque Split (27 Sample Points.
Table I Data).

I

IAJC;ES or AVElAGl TOIQ:iZ 1M PERCE1ft'
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Greater Than 10 Percent (l61 Sample Points,
Ta.ble I Data).
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Figure 25. Exhauet Gas Temperature Splits Versus Frequency
of Occurrence at 10- to 20-Percent Torque Split
(194 Sample Points, Table I Data).
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Sample Points. Table I Data).
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Figure 59. Main Rotor RPM Versus Frequency of Occurrence at
0- to 10-Percent Torque Split (338 Sample Points.
Ta~le I Data).

100

0.01

245.1­
250.0

240.1­
245.)

%35.1­
240.0

230.1­
235.G

225.1­
';:1.0

220.1­
225.0

o !.-_~0':.;:0l;:....__;,;0';,;;;0l;;-'_--Ei

210." 215.1-
215.0 220.0

20

10

I
~

I
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Figure 61. Main Rotor RPM Versus Frequency of Occurrence at

20- to 30-Percent Torque Split (26 Sample Pointe.
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Figure 62. Main Rotor RPM Versus Frequency of Occurrence at
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I Data).
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• I7A 195.' 26. tOO I~.to U." 15.llZ 12.19) 1M 16. U7.~ 50.CI I7S0 61.47, I7A 1".6 26.400 4I.~1 )~. 79 11.0" H.69) ... 924 Zll.S 9. I 1211 66.61, I7A 191.2 26.400 5Z.16 51.16 II.ZJ6 14.414 191 910 ZJ2.5 C.O 110. 65.79

10 ItA 6).1 Z4.OOO 28.49 Z4.10 16.14) 11.") 150 MS UI.~ 6S.1 )6111 14."
10 ItA 64.' 1).100 52.J6 )9.44 11.)75 I)."~ .U ')2) 226.5 ,. I JOI9 H.I'
10 lIlA 65.1 19.700 41.14 44.56 1'.096 14.414 liS 9S6 2J7.S n.6 2'~) U.:l1

II 19A 55.6 20.500 n.09 19.72 1~.451 I2.H) 1.. ... U7.5 14.9 66s) 10).1)
II 19A \6.0 10.~0 21.56 10. " 16.211 1I.69Z 15) 126 lJ2.5 H.4 5959 1!lO.n
II 19A 56.6 ZO.500 17.71 21. I' 15.014 12.492 15) 160 lJJ.~ n.6 5075 95. :0

11 90A 4.' 2'.900 4:l.11 n.lo n.540 14,01t 141 981 UO.~ 0.0 )5)~ il6.JJ
11 90A 5.0 28,900 19.1l St. os 19••11 14.195 101~ 1041 1)1. ~ 44.) J7~1 16.))

11 90A 5.t 28.900 50.12 54. os 11.216 It.t94 '26 99) U5.5 64.) t0l5 11.16

I) "A 5'.6 28.900 ).15 5.14 1).50) 11.211 6" 161 Z)I. ~ 0). I 4161 16.21
H ~IA 51.0 21.900 60.06 40.90 11.191 14.01t 9U 991 U9.S 46.0 tolO 12.02
n "A 51.1 28.900 n.16 54. os 11.906 It.414 1012 1010 US., 71.1 "I1179 11.19
U "A Sl.t 28.900 5).90 57.70 II.S14 14.114 9U 10S~ Ut.6 )9.~ 4UO 10. )~
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TABLE I • c.......

0loI-
~ea. D.- ....

Sam· Gro•• To.,.... ea. .....ccer T-. Mala Air- eitr ~
p:- Adt Fit T._ W, /pet' RPM m .... ..... All T...
So. No. No. (au.., (Ib, r----I i Z ~ APM Cb) 1ft, ~

14 901 9ZA 0.' l).OCC )4.65 39." 17.IU 14. '.'14 1,. III us. 5 "" n .. IS."
14

f
9ZA 1.4 1). G:'C 11.56 ).65 16.4%6 1l.111 111 155 us. 5 4'.1 lIl, IS."

14 9ZA 1.9 1).000 ".50 •. 51 17.111 n.')4 lIS ')4 W.5 '.1 J6I5 IS."

15 9ZA 14. ) 16.60'- 41.51 ".01 17.540 14.174 761 .., UI.5 0.0 Ins 71.30
15 9ZA 14.' 16.6i.J 19. )1 56.97 10.045 14.115 ", 101Z In. 5 61.1 1514 71.•'
15 9ZA 15.0 U.6:? 60.06 59.90 11.191 14.115 911 IOU 110.5 "., lI91 11.65

16 9ZA 51.• JO.OO: ".66 ".56 11•.,96 14.1)4 11) 990 1)4.5 0.0 )6M 1l.49
1b 9ZA 5%.0 JO.OOol 11.00 Sl.5' 19.161 14.1)4 '" 1001 lJZ..5 0.0 )610 Il.t,
1b 9ZA ~1.4 JO.OCO 51.. \1 S1.10 11.191 14.654 907 1011 UO.5 St.' tOJ1 II.n

17 9ZA 54.1 1'.900 )4.ftS )4.n 11.400 n •.,) 711 900 1M.5 51.5 SUI ....,
17 ,ZA 55.1 19.900 56.11 41.ft) IS."1 14. 1St 907 1001 US.• 0.0 51ft) ....,
17 ,ZA 55.6 U.9OO ".6ft 45.1' ".096 14. 1St ..5 990 Ut.' '.0 4m IS."

II 9ZA IS.' 11.600 )9.n n.15 11.540 n.ISt lSI 95~ 110.5 0.0 n)6 ".1'
11 9ZA 16. ) 11.600 ".01 61.36 1'.611 14.115 ,.. 1161 W.S II.' IStl ".16
I' 9ZA 16.7 11.600 6).91 61•• 1I.'U 14.115 MO IOU 1JJ.S ".4 .... ".1'

19 94A 4.1 U.9OO 11.56 n." 16.217 11.IU In ...1 1».5 55.' ItI' 11.10
19 94" 5. ) U.900 56.11 lS.79 1'.65) n.H) 116 951 U)•• 0.0 ms 71.51
19 94A 5.5 11.900 45.4) 32.11 11.0" 14.))4 Iftl 190 %U.S 0.0 )ZO) ",..,
It' 9SA '.5 U.l00 ll. 0:1 56.0;7 0 15.115 110 10C7 1JZ..S 0.0 Ut) II."
10 9SA 9.1 U.700 0.00 59.16 0 15.115 110 1010 U).S 0.0 JZ)1 Il. ..
10 9SA 9. ) U.700 0.00 56.14 0 15.115 110 1047 132.5 0.' 1326 ".00

11 96.t. 11.9 U.5CO ?OO 4C1.tj;I 7.311 14.414 In 717 U4.S 0.0 4ZI5 '1.41
11 96A 11.5 U.500 0.00 U.JI 7.517 16.016 151 9JS U'.S 0.0 tUft '1.41
11 96A IZ' 'i U.5CO 0.00 40.90 7.517 14.414 141 ~II 1n.S 0.0 tZS) 91."

U c;6A 11.9 U.SDO 56.11 0.00 11.65) '.101 90S 711 1)4.5 O.t' tzJO 91."
U 96A n.4 U.SOO 10 O. 0.00 18.)75 6.117 1009 711 UI.S ••• tzlS 91.tl
U 96A 13.6 U.~O 67.76 0.00 19.411 6.111 964 766 Z)'1.S 0.0 tzJO 91."

lJ 97A 17. ) U,500 11.01 0.00 19.411 0 964 151 U'.S 0.0 1190 n.4~

ZJ 91A 17.S U.500 11.3'i 0.00 11.(5) 0 1009 141 135.5 76.~ lIDS n."
1) 91A 11.3 ZZ.4OO IO.S5 0.00 10.045 0 ". II' 136.5 n.1 1796 n.41

Z· 91A la. a 11.400 n.n 0.00 19.)49 0 95) 101 1n.S 75.' 1111 74.n
14 91A 19.5 U.400 65.45 O.CO 19.)49 0 930 96 In. 5 71.' %141 15.06
14 91A ZO. a U • ..:::! sa. 51 0.00 11.791 0 90S " In. 5 ".1 Jl17 75.5'

Z5 07A n.7 11.900 61.60 0.00 II. 79~ 0 90S ~4 1JJ.5 n.' ...,. lI."
Z5 97A )4.9 ll.aoo !o.ao 0.00 11.IU !l 111 14 1•• 5 30.1 )HI lI.1f
Z5 91A JS.9 11. bOll 110. as 0.00 19.761 0 1009 14 Ill. 5 0.0 1951 '4.~1

zt. 99A ZS.4 11.7C!? sa. 51 40.90 17.400 14.414 946 71Z 140.5 0.0 n .. ... 14
16 99A 1>.6 11.700 16. III H.47 16.565 14.654 711 194 1)4.5 31.5 )111 ...14
16 99A 16.1 li.600 13.11 ~5.19 17.~' 14.414 171 711 13).5 ".1 4151 ".14

1. OUI 5.4 U.6CO 1~.01 1).37 16.565 n.453 761 7U 135.5 90.' St99 90.14
17 'lUI 0.3 ZZ.800 7.70 lJ.37 14.755 13.053 751 61' 1)).5 55.1 lIZI 90.11
17 c)IB 7.9 11••00 17.7Z 17.76 16.913 14.414 795 7)4 1)).5 .,.. JZ17 90.14

III OIB 9. a la.6oo 71.6! teo ZI 19.767 15...55 976 157 Z:... 5 0.0 1~91 90.14
la OIB 10. I ~'.600 SJ.9O 39.44 18.514 14.094 ,.. 7U 135.5 19.0 %145 90.14
la '>lB 10.9 1'.600 311.50 4&.75 J7 .679 14.494 .11 liZ 134.5 11.1 )511 90.14

19 OIB 17.Z lb. 700 3Z. J4 30.611 17.161 n.6" 773 700 135.5 1ft. I 56)) 9O.Z4
19

J
018 28.1 110.700 0.00 11.1>9 lI.41S Il.OIZ 740 .., UI.S it. 0 )9Ot 9O.Z4

19 OIB 19.7 Z6.600 35.41 41.J6 17.400 14.574 ... IZ) 1n.5 0.0 US7 ~.14

•
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TII.LEI- c-U

0..••
1:aI>_IItC.. ne..- • It-

a-- a.... T.... Gu~__w T_. Io4ia Au- .,ty Air... Acft n n-. we
~

APM (Or) ~. ..... All T.mp.... .... .... e-u) ... I 1 1 1 APM lira) 1ft) :OF)

H .... ota 19.' 21.". 5t.J6 H.4e 1I.ns 1••654 .. no U'.S 0.0 2)01 .c.lt
H ota H. : ZI." n.H 5'. to ·'.H' IS.ZlS .. .,., 2H.S SI.S :ua .c.Z'
H Ota JO.' 21." 54.'7 SS.SI 11.65) It.'95 - ... 23).5 70.) llll .c.lt

JI 01. M.4 ZI.... 4e.M "... 17••1. 14.414 ... 167 l>4.S SO. 1 '101 to.Z.
)1 01. M.7 11." J1. ~ Jl.U 17.111 n.n. 76Z 7D 11~.S U.I 6019 to.Zt
JI 01. H.I 11." 51.51 7•. U 11.'51 Is.ns '" .to 11I.S 11.1 600Z to.1t

U 01. .1.t 11.... 1'7.11 ZI.11 1'.001 n.slI no .a, 1)).S 7S.' SSM to. 1.
U 01. kS 11.~ 7.70 U.I' It.l,. U.1" 7" 711 11I.S .... 456' to. 14
U 01. 'S.t 11.~ 7.'71 15.S7 14.1" U.S)) no UI 117.S .... ) ,... .c.1t

JJ ota "'.2 za._ u.w It." 16.1M n ••54 no u, 214.5 82.1 5159 .c. 14
JJ Ota '71.7 11." )... I"~ n.11t n.~n 750 611 1),.5 SO. 5 nOI .c.1t
u Ota 11.1 11._ ..... 45.19 17.957 14.501t 764 n. 126.5 n.1 t.77 .c. 14

It oas 71.S za... 41.12 ... W 16.0" I•• tlt .u 714 1~.5 0.0 til. 9O.1t
)t 01a '71.' 11._ 74.6t 64.11 1'.611 15.195 97_ 17' U5.S t5.t tzol to.Zt
It 01. 7z.t 11:101 ..... st.ll 11.0" It••95 ,.., 114 11S.5 II).S .... .c.1t

IS ola ".1 21.~ 19.16 11." I•• 'S) 14.114 7SO .., 256.5 10.5 5)16 .c.1t
H ola tI.1 ZI.400 '.Z. n." I'.") n ••54 161 111 117.5 55.7 tllS' to. 14
JS 01. '1.4 ZI.ta n.1l 15.5'7 15.)12 11.'" 750 700 114.5 ".1 ) ... .c.1t

S6 ... ~.I U.11O n." I.... 1'.141 n.tSI 117 7.. !14.5 00 ~'I It. 54
J6 ... 16.0 1).... '.l6 11. ,! 1•• t77 n.l91 ,. 791 140.5 0.0 16.1 It. 54
J6 ... 17.' n.GOO ,.... ... W 16.7M n.'14 ... 770 US.S 10.' 1725 It.54

n e. Z4.Z
11. __

U.1l lI.6I 17.11' a.n. 114 795 1J1.5 0.0 U62 91.54
n e. U.4 11.1" 56.lI 4$.75 17.111 It.7H 91. 117 116.5 .1.0 25" ~1.54

n e. Z4.7 11.1. ... .,,1 5..... Jl.StO n.n. ,n 061 U).S _~.S 1710 '1.5t

H ea D.l 11.... 1'.25 14.1' 1••Slt n.'H es6 7.1 US. 5 0.0 25" '1.54
H .. D.' u... ..... Jz.1. I..... It.'54 "5 lH 1H.S 0.0 1616 '1.54
Ja ftS 11., 11." H." st. I' 17." 14.254 ... 191 111.5 .,.. 1451 '1.54

"
.,. 11.1 11." 45.') ... 56 1"0" 14.n4 '" 7" 1U.S 0.0 SUI ".15

It .,. U,1 1t.tIIlO H... n." I'.'U IS.I5S ..95 71t uz.s 0.0 5115 ".11
It .,. IZ.t 11.5'" tz.ss tl.6I I..... 1••7H ..; 1)) 111.5 '.1 SSSI ".15.. ... 0.1 D.I.. IZ-lO 15." 15.IH n.l5) II' 110 DO. 51 0.0 16SZ 11.00.. .. 0.1 U.I" H.l1 J6.M 11.51. 1•• 41. 911 751 Ut.46 5. I ... 11.00.. ... ..Z 15.:= ".1' ...... II.n5 ....,. '10 7t1 119.46 11.7 n46 II.C!O.. ... e.) n.11O n." H.IO I..... I•••,. ." 710 2.17.47 SO. 1 IllS Ie. 00

41 ... '.0 a ... 1'.20 U •• 1'.ZS1 11.11) 7.1. .7. :)1.51 73.7 )11) ".00
41 ... '.2 11," .... U... l4.n. 11••a .liI 6?c 117.41 H.• Ul) 11.00
41 ... ,.. ZZ-IIO I.... JO.l0 I!'. 17) n.su ... 7%) 1U.SS 1'.1 3081 11.00
•• co ,.. ZZ-IOO I•• " ".20 17.400 n ••" .. 721 111.5= S. I 2?N 1a.00

4Z .. .., 11.7" 14.. .. 11.60 1!o.451 IZ.512 7" 6to 211.51 0.0 ltll II.OG
4Z on II.' 11.710 21." 46.1' I.... n.,,) III 1)5 126.54 0.0 195) M.OG
4Z ... 11.1 U.l. sz.U .1.10 I ••Z» I•• Z,. '10 7" U4.t9 0.·' 295) ".00

4) ... '71. I D.I.. n.lI U.D IS.'" n.t5) 797 701 1)6.41 0.0 ltlO II. co
4J ... n.Z U.I" SS.H SLlI 17.161 1••4,. ,.) 115 111.SIl O.Q 1111 N~., ... n.) 21.1" 56 .. H.II 11.191 14.)H ." 71Z 1)9.46 0.0 U.I "00
4) ... n.s 2).1.. tz.u tz.50 17.951 I•••,. ... 761 :)1.51 0.0 1196 II. GO.. ... IJI.' D .... 7.1. 11.70 I•• )" 11.97) 764 .... ZlS." 0.0 leU 11.00.. .. lit. 0 11.'" Iz.H ••10 1'.565 14.574 r.S 71Z 114.49 0.0 1..5 11.00.. ... 11'.1 U .... .... K.IO 11.1» I•• IH IS) .n 411.51 0.0 Z... 11.:1<).. ... m.) 11•• )t.u ..... .7.957 14.4.4 797 746 111.50 0.0 )011 ".00

......,....L::eee.zez;, .J..

I
t
r
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'"•

I r .. IILI: I • <o,to!.

-- .
o-t-

Exlaa.aot C&o Dn· ....
s->. ere•• To~ Cao Pr_.r T..... JUl. Jut· .d, Ai.
i>W Ad' FIt T.ftII~ Wt \pc. I II.PIoI I"F, Rotor .-e4 All T...... ;
No. ~o. No. 1·,..,,1 l1bl r--T i Z ,....-y- II.P·A (10... :ItI c-FI.~ GO• lUI 2.2 21.000 41.~' 2°.21 I•• ns 14••14 -el2 n, 214.5 .:l.0 n.l :A. 57
4~ 12a 2.5 H.COO 0.00 "'.Itt 7.795 ...~" .14 !40 U1.~ 0.0 Hn ... 41
.5 12U ).0 2).000 0.(;.0 '7.l0 7.795 I~.S" ... 9l't :10 \ 0.0 HI6 ... 57
.~ ua S 4 U. c;.co 71.n C.OO 20.04~ e.727 'l?2 772 '.....~ ~ 0.0 n12 •••
4~ UII 4.) U.9CO .2. ". 0.00 Itt.9lIf> 6.727 'II) 172 2'~ 5 0.0 n12 ....

I
.s lUI 4.7 ll. 'JOO M.6~ 3~. 'l6 17.'1' 14.'1S '2) ?ol 2l~.~ 0.0 n.. ....... 1..11 ~.4 ll.800 Wo.I'I un 17.'11 14.174 191 71" 23~.~ 0.0 u.s W.Clll... 128 6.7 12.~ O.W 't4.2) 7.'3S 16.;36 823 't40 2~5.~ 0.0 -U" ",. I. ~
4f. 121\ 7.0 22.a~:l 0.00 lI5." 7.7't'> 16••16 5h 8'1S 23S. ~ 0.0 HI0 .... ) I.. 1211 7.' U.'~ )6.19 H.B 17.'1' 14.n. 65r 717 236.5 0.0 ..... ".57

47 lUI 11.7 ll.6oo 42 I~ 4l. If. 1•• 0,.. 14.714 j91 761 236.5 0.0 425" ....
47 1211 12. I ll.SOO 0.00 9'1.34 7.795 1... 736 liM 91. U3.S 0.0 aul .....
47 Il1l 12.5 zz. SOO 0.00 100.0. 7.7"1S 16.7~ .14 - 2H.S 0.0 4116 .....
47 12!' 12. 'I ll.SOO 0.00 )944 7.795 14. H4 at' 772 ll3.6 o 0 aul ......' Il11 H.I 22.500 1>2.1't 000 2;).1" 7. W1 't47 750 2n.S 0.0 aul .....
.7 :2B 14.0 22.400 66 99 O. GO 19.... 7.047 756 H' 215.5 0.0 4»5 ".00
47 UB 14.2 22.40; .. ~. ~l .3 33 1'.0" 1•• 714 5'1 772 2n.~ ;).0 4U' ....
U I'B 42. I 23.100 SO.O~ n.9I 111.792 14.57. nl 736 236.4' 0.0 un IL-OO
u 198 .2.6 21.300 47.1. 16.52 1'.653 14••1. 943 7511 2~." 64.7 4517 ".57•• lOB H.S U.700 SO. OS 40.17 1'.65) 14.71. 9S4 .... 214.50 0.0 .... 15.4)

40 21B 15.1 Zt..400 2~.O2 11.26 1•• 217 u.l't) ~ tel us. 48 56.4 4537 ·5.43
.tt 21B 2.0.. , 26.300 .7 74 ' •. 31 1'.0'" 14.H. 9O:l 692 In.'' 14.6 4111 75.4)
.9 21B lb. 0 26.300 )4.6~ a .•' 17.~ U.9)4 '1') 71. 1H.Sl 0.0 4Zr. 75.43

SO llII '1.0 ,5.900 10.1'1 20.•5 16.00' iI••s) 7~ ..'"' lH.SO 0.11 1671 IS.•
50 22B '1.1 15._ 71.61 59.16 .9.... 15.5); 'K:7 "" 136.41 0.0 MI' '3.57
so UB '1.4 lS._ 51 5, 4;." 1'.236 14.195 '116 6~ lH.50 67.' 166' 91.71

51 14B 32. ) 21.700 .~.II 33.60 I7.U7 14.254 170 .if. 234.4' n.5 ]O!oJ 7••1'
51 14B H.O !I. f.OO fJ. to- 4S.29 :'.932 14.n. 90f lei 2)\. 51 17.9 1..) 74.19
51 24B n .• 21.iOO d.~. 23. )7 16••16 U.S\3 7S~ US 238.4(, 0.0 1",1 74.19

51 2.B 21" la.SOC 21.72 26.30 16."3 1l.'34 724 696 235.•' 54.3 17)1 n.l'
52 24B 220.1 la.40ll .P.SI 10.17 Ill. ~14 14.654 '15 730 1M. 4' ".5 n" n.l'
51 14B 220.9 24.400 SI.S9 .0.90 111.514 14.7J4 927 .'JS 134.49 72.1 14'1 14.1'
~l 2.B 221. ) 24.400 32.3. 30.61 17.400 14.094 769 707 237.47 .... 1541 14.1'

53 298 17.0 ll. lDO 1. U 3.65 ll.n! 10.330 73) 661 136.47 61.' SOl' ....
5) 29B 11 J 22. )foil 2'.16 16.07 16."3 U.1H H) ~1lI 1)5.4. 67.7 45)7 IS. 14
S) 29B 17.5 ll.300 U.49 1~.S7 16."3 13.05) 144 .94 237.47 U.I 4415 14.1'

54 UB 9.1 21.2CO 21.56 13.37 16.56S 13.'54 nl 617 215.41 0.0 11)7 7).57
54 3111 S.4 la.ICC 32.34 11.26 17.161 1l.)7) 1!>0 721 In. so 0.0 )119 7 .. 71
54 liB ~ ~ l6.100 50••;: 46.75 1'.)75 1••13. "22 199 lU.SO 0.:1 3910 7).57

55 3211 C.O 23.100 21. 56 30.!.. 16.147 14.014 76l ~Z) 2H.50 0.0 399J 15."
~s 32B O. 3 23. 100 5'.52 46.75 1I.')l 14.11'5 942 <!Ill 2)1." 0.0 4117 76.71
55 )lB C.9 23.100 56.l1 .I.U ".791 14.654 .,.2 779 227.5) 2).6 4Ul 76.7J
55 )lJl 1.3 23.000 .t. s. ~O. 17 11.236 14.'95 ~75 1'0 136.41 n.7 "" 75."
56 ua 6.5 Zl.700 lO.n 23. l7 16.565 11.'54 706 !>,. In. 50 3O.' 4607 IO.J.
56 )ZB 6.8 22.700 55 « 40.90 19.(;; ; 1••7). 901 761 lU.50 0.0 4441 71.4)
56 32B 1. ) 26.300 17. ~1 40. '0 17.'lS7 I•• lIS 164 779 1M. 4' 20.5 4)]5 '6.71

S7 nil 1'.6 22.300 H.1l 27.76 17 .540 1•• 094 191 625 234.49 43.1 ZZS3 67."
57

I
nB 20.0 U.~OC 70.M S•.~ n.4" 15.115 .92 11' 227.53 13. I 1111 67.43

57 nB 20.5 22.200 ".21 .. 1.55 I ..... 15.615 9.4 7es 134.49 ,. 0 201' 67.43

U HB 1>3.3 l4.'00 12.32 12.42 '5.17) U.OB 722 hi lU.SO 10. '.I 5511 '1.14
SI 3.B 63. , 2•• 700 20.'9 '.03 16.001 11.251 7)3 672 126.54 51. ) 4591 ".41
5. 34a 045 2•• 700 36.1~ 42.16 I' '" 14915 .57 795 111.S:> 0.0 4135 II 57
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T~u I - caaul. I
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Exh&s.llt G.&t De,,- auSc

Saa· G:-o•• Torque C.. ProcNc..r T..m;> ,,:U> Air- a.ly Aor

pie "eft F1t T,_ Wt (pctl :u>M (oF) Ro:or apooood Alt T.....p

Ho. No. No. (mi"l 'Ib' ~ i Z ~ RPM Ilu>I UtI l"FI

59 901 JSB so. 5 16.4\;~ z...la 15. S7 11>.7Q.4 n.n.. 711 I>I>Z zn.so )9.6 11>49 ~.·n

59 JSII SO•• 16.iOO ·.l.l~ iO.17 la.?'lt> H.O'i'i '.'n 100 U7.SJ 1<.9 ,SSO 6O.iJ

59 JSII SI. I> ltl. JOO 4J.89 il.&,) la.O'lt> H.&IS SSG 71>1 In.i' 0.0 1I~7 6S.n

611 J6B 100.7 Z1.100 11>.18 Zi.IO 11>.7Q.4 n.eSi &01 1>1: Z)5.i~ 5«>.9 )250 n.iJ

6C J611 101. J ZI.ZOO 70.01 5i.76 19.iN IS. Zo,S &1>$ 817 U9.·Z 17.9 JUO &0.00

611 J6B 10Z.1 Zi.IOO 51.59 S4.OS II.I>SJ lS. I JS 851 651 In. ·0 o 0 zno 14.11>

.1 )91t 0.0 Z).IOO ~.10 ZO.49 Ii. in n.Z9J 151 707 lJS.U 0.0 JlSI> 90.00

'I 39. 0.4 ZJ.IOO 20.00 JlOO 11>.l&7 14.1>54 1<17 714 .B8.46 0.0 )950 90.00

'I 3911 o.a Z).IOO )9. )0 41.1>0 17.957 14.1>54 9)11 19l ZJ5. is 0.0 JaJZ 'lO.00

I 'Z 4011 C.O Zl.IOO 25.40 )Z. 'lO II>. S05 Ii. 194 815 75Z Z)5.48 0.0 Jl>IIS 117.00

U 40B 0.5 ZJ.IOO JZ.JO 494 70 17 .S40 IS.ZIS 791 81S ZJI>.U SJ.Z )il)9 111.00

U 4011 0.9 lJ.IOO J9 )0 45.40 17 .957 14.S95 911> ISJ ~J4. 49 90.1 4071> 111.00

6J 41B Z~. 0 ZS.ZOO 16.20 ZI>. JO 11>.7Q.4 n.7H 140 701 In.SO 101>.5 )SIlJ 81. Ii

U 41B ZO.6 15. ZOO 54.70 16.10 It. )7S n.19) S87 7S7 US.SS 7Z.Z JZOZ 87. Ii

U 4111 21.1 25.100 45.40 H.I>O 17.957 14. JJ4 9iO 701 2H.SI 77.7 )161 17. Ii

... 4111 51.4 U.OOO Z7.00 a. )0 16.565 n.'~i 1>95 ;'90 ZJJ. SO 91.11 SOS7 l! .Ii

64 4111 5). ) ZI.9OO ZI.I>O S.1I0 n •• oos lI.asz H~ 1>611 U1.S) 1>6.5 J1SJ 87. Ii

t4 4111 ~.I ZI.900 )4.60 II>. &0 15.&69 lZ.i9Z 60Z ,,19 dO.Sl )0. Z Z7H 117. Ii... 4111 54.4 Z1.9OO 41.)0 lS.70 17.679 li.ili 86S 71) 1)0. SZ o 0 ZS90 81. Ii

65 4Z11 19.5 ZI.IOO I~.l~ ZI. 1&1 16.416 n.l54 ..49 1>107 Z)7.i7 11).9 Jl>Si 91.&1>

'5 4Z11 n.9 ZI.IOO H."S 11. III 17 • III lJ.iSJ 1S0 018 ZJZ. SO J9. Z )S711 9).71

is <UB 'lO.4 ZI.OOO 4i.61> )Z.H 17.U': 14.014 014 700 zn.sl 17. I JiZ7 9).71

'5 4111 n.z ZI.OOO ZI. 5.. Z· III 16.565 1J.9W 70S ....9 lJS.ill 0.0 JZIl) ~Z.II>.. 4111 lIa.1> 15. JllO 1>. II> n.N 14.059 n.IH 111> I>SO lJl>.U ~). 7 J977 9Z.ilO.. 4ZII 118.9 !S. JOO II. SS 000 IS.OJi II.IJI 105 t>f»1 UlI.5) )9.': )509 92.0<'.. 41B 1196 lS.)~ 1:. so Z5. S7 It.56S Ii. 4"4 f. •. ) 700 lJl>.48 (I 0 Z8U 194'

67 iZll IJI. ) li.I>OO nil JZ.14 17.2"1 1i.2H 112 10~ ZJS. is 59.9 -e~~1 91. 14

67 4ZII na.8 Z4.ttl:O 1>1.1>0 46.01 1&. 7~!. H.7Ji 907 no Zle. S) 0.0 4671 91. 14

67 4ZII U~.I Z4.1>00 11.55 17.5) .~. 'IZ 1J.2oJ 7SO ..19 22~. 5Z o 0 i5)) 8'1.4).. 4ZII 150.9 21>.100 ll. J) 24.11) If.. 565 1).9H 6~) I>"~ ZJ4.49 101. J 4)'J4 9Z.116.. 41B 151. Z l6.100 ZI. 51> 6.57 15.7)0 12.2Sl 750 1>67 227.5) 8).7 4000 92.?O.. 4Z11 151. t 16.00" Z'I.ll> ". so 11>.7Q.4 lZ.ilZ 717 .. 711 lZ1. SJ )4. ) JZ4<t 91. Ii

61 4a I~Z.) 16.000 17.71 III ZI> 15.451 n.z'I) 750 ..8" lZS.SS 0.0 l873 ..7.11

" 4Z11 114.8 20.000 17.71 ZI.18 16.008 1).114 1>94 ..78 ZJI>.48 7)5 SZ79 'lZ.&I>
69 4111 17~. I 10.000 1S.il II> 80 17.400 IJ. zn 750 111 HZ. SO )'1.8 4854 9Z.00
69 41B 175.& 19.900 11>.94 17.5) 11>.141 1J.l>n 1>11 607 H4.4'1 o 0 4SZS 90.29

70 41B 199. 'l 2i.1>00 n.st 11.5) 15.81>'1 n.J1) 1>.. 1 676 Z)5. ~8 8'1.5 ~ZI>I> 8a.S7
70 4Z11 ZOO. I Z4.1>00 Z2. II 7. )0 11>.287 14.7H 150 1>67 ZZO 51 12.9 4017 a6.57
70 4Z11 ZfrO.7 li.SOO H.63 11.5) 15.710 1).45) o1l 1>7S 2J4.49 J9.4 lI8S 8S. H

71 42B 219. J 11.ZOO 41.74 S~. os 18• .lJl> 15.5)5 ~3 &H !35.48 111>.2 S7H '12 00
71 4Z11 219.9 ZI.~OO 44.1>1> Z8.49 18. ZJI> H.~H "-s ()18 2H.SO 97. J SS6S f" I. 14
71 4Z11 220.5 21.100 )8 SO H.I>O 17.957 14.1>54 - .. 700 ZH.4'1 "8. Z 555; 9Z 00_.
72 4Z11 249.0 19. ClOO I).O~ 17.53 15.17) I). III 1lb e ..7 H4.•9 8).7 Hli 88.57
72 41B £";S.5 19.900 11.87 4. J8 11>.416 11.511 7SC 61t 2Uo 54 III. 'I J4U &5. H
72 4211 250. ) I~. 900 ZI. 51> H.8l 11>.8H I ... Si 1 70S 700 H5.48 0.0 Z7Z11 61. 71

7) 4Z11 21>&.7 15.000 17.71 Z~. SJ 11>.4Z.. 1J.9J4 1>49 ""8 2J7 47 ao ) 1>257 '12.81>
7) 4111 U9.1 ZS.OOO H.llf> 7. )0 16.9U 12.15Z 808 1>0'1 U9.S2 1>1> ) 582.. 92. &I>
7) ClB Z69.S 15.000 17.71 21. 1& II>,ZII1 I).SH l>1>1 61a ZJI>.U 7).5 S..9~ 9Z.00
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Exhau•• Cu Don· .Id.

Grot. Torqu~ C•• ProclllC.,. T....p Mal.. Air- .tty Air

~
Ad. Fit To..... w, (pc' I RPM l"F1 RotDr ...-.1 AU T...."SO No. (nan) lib; r--T 1 .,..----z- aPM lbl Clil ('F~-----

H 'lOll Hb 17. S .H....~ 17.71 nH 16.287 n.eS4 679 '74 llll." 67.7 )161 '5.4~

I H

438 16 0 z... e~; 3l H 10. eO I1.HC :3,133 760 '96 lll. SO )0.1 )4(1' 14.57
H H8 lil.3 H,Se') 100.00 b! OQ 1>.H9 IS.6'lS 1170 llU llZ SO !O.I )074 1).71

7' H8 iO 9 :4. -:)(:.( II 1) I~ 99 16.426 1).613 701 674 llZ. !O 'l.1 HOI IZ.OO
7S 438 5} of H. Qo-. HIS SO It: 19.41>3 IS.4S· as.. ad U6.54 ll.2 196. lZ.liO
7S B8 SZ 0 !-& ~r;. .... ll S4.OS 19.071 IS.37S 903 aS3 Ul.53 o 0 2104 10.29

76 438 IZS I ZI.' t· !e.'" lb. 2:> 16.00il 13.SH 123 b74 Z34.49 S5.) USO Ill. 00
76 438 lle. co H."'" is. -fb 61. 36 19.6la IS. !oJS ~17 I1S llZ. SO 0.0 ZU, 16."
7b 438 129 l H.b'·; 6S.4S 60.t.3 19.4811 1<.6IS 916 il75 In. SO 0.0 264' 16.66

77 43!l Zoil.l H,OOC ll. S6 31.41 17 .400 14.414 745 696 l3S. ill 1I1.Z 3lO3 1....
77 HB Zbc.7 H.OOC ao_ss 60.'3 lO.045 IS.53S 905 864 Z30.Sl 14.9 27,., 76.00
77 438 Zt9 7 Zl. C1)() Z9.Z.. lb.H 17.9S7 14,6St 'Slo 701 13S.4I 0.0 Z7ZS 'OJ. 71

76 438 311. 3 Zl. SQO 21. S6 ll. 91 16.104 13,93t 6611 US l35.411 19.1 46ZI 11.57
.8 438 ,II. S H. So<:; 43.119 24.10 11.0% 13.114 'IGS ~I' ZlO.5l 9.1 41111 7'.43
78 438 3Zl.2 H,seo 15.40 1'.80 IS.869 13.693 '79 ..74 In.~O 0.0 U!Z n.S7

79 H8 ZI.o IS. 500 1111 n.n 16.704 13.373 '1S 66l US... ".7 3111 n.oo
79 498 U.4 Z5,500 Zl.&7 10.23 16.98. Il.491 l1Z 6tz Uf." n.3 m5 75.00
79 408 u.a zs,4oo 26.95 1'.84 17.l61 1;.81~ 1S1 '13 zn.S8 11.1 U15 15. OJ
1;; 4C08 Z3. Z Z5,400 40.04 37. 'Ill 18.~14 14.~14 90~ U4 l34.49 1'.1 U40 15.00

60 498 59. C U,700 lO.02 l7 03 16.843 13,774 700 ", ~3S." 100.0 1114 n.oo
80 498 5' 8 1l.f.00 19.:S •. 30 16.416 11,531 746 '51 U9.5l .... n19 'is. 00
eo 40B 6(0.3 Z2."00 l4.64 7. lO 17.261 1Z.0n 135 613 zn.s~ 54.1 llZ4 1~.00

60 408 61. 1 ll.t>tll 46.91 21. III 16,514 13.213 869 706 ZZI.53 0.0 1375 75.00
eo 498 f.1.6 22.6CO 43.69 Ji.06 18.0"6 14.0~ 926 695 lll.SO 0.0 lV.1 75.Ot)

&1 49B a7 0 lZ.900 15.40 ll.18 16.426 il.!») 6&9 "l In....~ '1.1 4154 75.00
81 49B 88.4 Z2, ?OO B.IO 5.~ 16,'04 12.119Z 80l 651 ZZI.53 51.1 3600 75.00
&1 498 119.0 1l.900 1&.411 1~.26 16.5..5 13.373 168 66l 236." Z4.' nl5 75.00

8l 498 109. C 25, SOD lO.Ol 21.111 l6.S65 13.613 745 613 Z35.4' Sl.Z za97 75.00
bZ 498 lOCO. 4 ZS. sec B.8' 8.0J 17. III I!. ))2 74S "1 In. 50 4!>.Z l474 75.1lO
il2 408 110.1 2S. ~OO 18.48 4. )~ 1".56S 11.531 723 651 lll.SI 14.' ISl4 75.00
82 HB 110 5 2S. -"00 +i. 66 42.36 18.37S 14,654 914 711l l)).50 0.0 un 75.00

3l 498 1:4.5 n.30C; 16 o~ 16.60 16.56S ').l9l 723 "l l36." 57.1 217' 75.00
83 '98 IZ5. ) Zl.3,)0 19.2S 1.46 16.704 n,9JZ 72) --- In.'' )9.4 1.... 15.00
8) 49B IZ5 e Zl.300 )il. ~o 28.40 la,l36 14,094 'Ill 695 l35." ll.) 15n 75.09

lit £78 7.e 1l.I>CO 16 94 lb. 10 .-4 ....1; 11.5)) 113 763 Z34.49 '5.1 311l n.51
84 S78 Il.Z !l.t-O~ ;':i.1l 12.4! i4,616 11.9ll 803 774 U6.54 n.l l:ZI 73.51
84 078 8.4 Z2. SOD !Z. l]' 3Z.14 1~.';S: 14.C94 70Z 774 Z)).50 0.0 2609 n .•7

6S 878 o S ZZ.5-00 28.4" 3'- ...-1 15.591 H,"~ 7Z1 76) Z)5.4. ".5 lin n.51
8S 878 co." lZ.4Cot 13 0" 11. to 14,1~ 12.492 713 730 U952 !4.0 W5 73.51
liS d78 10 4 Zl.10C' is 42 4S H 16.008 14.S14 724 107 lll.51 Z.I un n ••7

86 898 46.6 21. ;00 I". 'Y4 l}. 17 IS.4S1 13.l93 116 7U ZZI.53 91.1 Z4ZI 53.79.' 898 48.0 ZI.ZOO 12.32 0.00 14.7S5 10.650 7(05 611 U9.5l 54.' 753 51.U~~

8b 898 48.4 21.;00 16 11 O. co 1S.0H 10.731 750 73l 119.52 39.1 753 51.11
8b 80!l 49.1 21. 100 3S.4Z H.B 16.S!>5 14.174 806 761 'j().5% 0.0 -507 46.:5

il7 898 161. Z ZI.IOO B.B7 H.60 16. ~Oll .4.014 lOS lU llZ.50 97.1 lO69 Sl.95
il7 898 i62.0 ZI.IOO U.ll6 12.4Z 14.1195 lZ.09l 105 6811 lVl.5l ".1 Inc Sl.ll
87 898 lfol. ~ ZI.(,('O 20 Ol IS. )4 IS. '1, !Z.l1l 11" 7U U9.5l 65.1 zn 51.11
117 898 l .. l.7 21,000 35.42 46.75 16,Z8t 14. )34 806 789 zn.so 9.1 ·161 51.11

88 908 5S. , ZZ.600 24." n. :4 IS.869 13.69) 702 119 ZlI.51 ll.4 3071 '7.U
811 %8 55.6 Z2.S(l0 14.64 .J.l) IS. )Il 11.692 735 US Zl6. !of 0.0 l.45 64.19
88 ~8 5S.9 ZZ. SOD 4).ll n.llt 16. !>b5 U ••U 837 775 U9.5% 0.0 lnz 63.)5

51



It'lS,n-I'tlOS"ffi!llL9atlt~'llSH'tlL('nIt'llOO('Cl\~.tJ.I....tol
Il'IS01.-I'it!S'!>llKIottlH'~'ISt'SI·:Su9l'U00('0(l"ttlC...Zli

Sl''lSOtl-6'tS0;;lHKt1St(to'ilKe'SI(f'(lIt·SZOOt'Of""1lI...leI
tl'OSltlO'(~)S'lnlItlolLltfl',1

'''''I
MOtn'osOOt'«"UIirS'lot

SO'lSTS'I'"OS'((1flLIITtflo:""~if".'
~~nU'U_'0(l·S..I....tol

Ot'"tlLL-l'ItTS'If:LStH9K''tlttl'9''IS'"lS'ItOCK'0(0'"C...10:

fl"LtlOll-S'StSS·szzttL90tUS'llHI'SIUl'"":t'tt00£0(t''''CS'lot

61'tt1,,11-L'I>66t'Ki!llLH9"O't!'lU'SIff'K10'0(CO('0(l'S'.....101

u'n·9S"9-~lS"llItLttLf6t'UQ(I'SIlS·tfLl:"OCK'9t"t'C..001
U'fttill'i'tlsS'tn'St6tt,6"11'9II'SIu·u~O'Ot00£"l')'L6ilK001

'T'"OIS','(IIOS'ZIi!lit16'fLl>'11tI('tl16'11It'LTOCK'9t1':,<\C..tol

10'OSif<(,OStS'InIt"."
fLl>':1SSt'tl"':1"'ttoos'Ot

""
C..

" 10'0'0So(l'tSIS'I(llL9116<;lLL."SfO'SI,t'OIt,·ttOt~'Ol,'9'9CK
" 10'OStoLI'"TS'IUItt"0;Iso'nii,'t!"'n.,·tl~~'Ol0'99'(I"t6

" 10'OS0,.,£,TZU't(ln,
'"

KI'UUI'"t:'l("'tl-'jk"ts..." 10'0'0SfoT-l'Sf!S'Ul,6986'ZH'llCU'SIK'SIS"9t•'lIZ('tsC..
" to'OS'S-1'01OS'UltoL~9('l'UISt'SI"'UCO'O(_'01"SSilK
" IS'tt1'.-lI"tlcs,nItLliLtLI'tlSts'"I6'Ot.....001'111'((CKL6

."'9.Hl'IUIS'ut9%L169lit'tl6911'SI(S'Un'((OO,'ItZ·((.to)L6

""StStt'g'lOT9t'61tLtLsu.K"U100"1!l'1(U'6(001'11L<t...L6

t.t·zsIn'0'0zs'OHItLttL(69'U100'"09'((LS'U001'11"OLCl6
" Tt'tSottt'l(fS'lInLOLttLtlO'll:U'SI,,·utL'ttGOI'lt,...iIl6
" tL"ItS,,(01("9zs·'Xttt9I~L1St'"91,'tl(0"Ot'SIoot'll0'"Cl6
" ts'O'IlLI

""
zs'O£tI'"O6tIL('"SiCtTiO"U'"GOI'IlS'"at

" CIt'"unt'ILOS'iftS"lotfll'UtiO'SILt'(l10'Ot001'It0...Cl6
" 10'(5lSi-0'0zs',ntStlotKO'tlUl',1ti·..!t"Otoos'U.'Ilea56

~:.",t:0('t'St(S'Lli!'0"llL1(0,'"ii.'tl(l'01(("UOOS'U('lIZcn56

n'n60'tt'(Sts'O(tSt9TOLI£T'!!SSt'tl01'ttU'Uoos'U•'tot.1656

16'."S~I't!Slor.SLl(6L(,;l'U'''''IILl(§t'Koot'llt'lttC..K

111'19ts,S'it(S'Ln~,,n((S':I'19'ttCIS"to·Qt001'ItL'OtZ..... ,1'lL1l0t1",(S'1IllL6"tILv.t'li.....·.1"'tt10'ot~'ttL'6ft.Ct'.. t,'lLISJ{('tL;s'ln16'titISO'USSL'tlL('(lLl"tGOt'11
"'ll

Ct'..
'1"0'"I0'"lS'0£1loOt9Ht't'USia't'"'U10'QtClOt'Itt'O(lCI'(6-

Oi.~,HOI1·1>'(S·lItl~.,Sltlts·aS'it'tlos-,to'CR'GOt'lt(·tt!C"
" ,;,.."91911·...IS'lneoLSlLllZ'(1tlCSIlL'UUtlClOt'ItS'II"lCt't,

ltL'nISSS"~ttS'1llt"LSlLUS'lllLt'StLl.'1IL"UOOl'nI'IIZe"a
u'"((~tInzs'..n169tIL16'·119I,'tl(0"Ot·S!OCIt"n1'011CI'aa
tl't9LLOZ"'I~X'OllClLSlL('~'Uiii't'.;,t'Stto'07._'Uo'Itt"I'16

".~,~lSo'Ctot"ttlSLL(6LKO'tllU'919(,tU'SCGOt',tI'ntCI'
" 6t'lt~6610'01zs',n"9tILISt'1ISS,'ttLS"LI'nGOt'Itt'SSICle
" IStLlltlS·"lS'O(lOlLtitll,'(1ISt'SIto·;,t:.I'n00"11t•••1Ct'
" h·tL01(1t·..lS'6n..,.IL11,'11SSt'tt(0'1ZO'Ol(h)I'ltt'tt8"
" IS'tLt\61,·u(S'UlstttiLOS'·Ol016'~1"'1to'otooz'U,·uCt,
• 70·U09%iI'S'lS·O(lStt(OLt(S'1I!tCll"'Stl·,~'n(·uc"" 'i'".....(.·101os'nl'OL('L((S'UlIt'SI.I·Uu·(tOOl'n'·ILC"06

61'.LU.It·(;".S"9:1ltOLItLn.'11SSL'tl"I'(I01'ti!~'ft.·S(e".. SCSt9l9ltHt..'Ln60ttlLi!6,'11'I,'ttn'otto'RWZ'ft"KCt'.. "'91OOtl(i!9lS'6lt16'SlLn,'11.19·tlSI'(I10·OZOOl'UI'KCI'.. "'un.-;"tL(S'ItlL.,tiL(ta'll",'.111'6%Ot'stCMK'ft"UC"
"',.

I...,:fll)("'I)rcd'd
~

l!
~

(qU.-,.t.... cI....~,tv.......
'OJI'eM

.&oiOlilItdV'....~IUIPV... "V-'at.·~'Y",."......~......~.."O......0.1.•.-al).~

•p'.-UQOYO,,-.:I
-11\0

''''...,•Inev~

t-

lS

..--=.::"~

6r'

,,.,.
~~~

~

~~
--J

'.~t
-,~

11~
-j

I~~
1



- •

:;1

f
~,
~

"'.
j

...---

T';SLE I • cootd.

-
o.at.

Ext ....., G•• Ilea· 0148
Sam· ero•• TorqOJ~ Cia. ProJ\-CiI'r r.~:TlJo ).tal. Air· olty .Air
p10 Aefl I'll Time WI (petl ftPM ..oF' ?·>tor 'peed All T....'No. .""0. No. l:ninl llbl r----"2" I Z I"z ~PM lit..) ~) c"FI

103 'to. 9S11 I~~. I }0.100 II. 17 ZI. 91 14. ))1 B. 05~ 106 i'''' U449 96.l 6.. 49.SJ
103 9511 IS: 5 )C. 100 10..17 S. "4 11.7S1 10. q:: 7;:1 :.71;.l lZ~. S4 44.l ·306 47."
103 9511 155 5 )0.6:10 41 S6 4Z. )f> ".001 14.0.4 ":7! ~5~ 210.5l Z5.0 ·1149 44.51

10' 9S11 194.4 Z"ZOO 10 ZS II 04 14.blto IZ.I';) U4 oil" ~B.50 IZ. ) ·175 ".1'
104 9S11 : 15. 0 ZI.IO~ 35 41 9.50 14.155 11.051 7n 1t..! Zn.51 45.2 -IOU 42.14
104 9S!l 195." '::.100 40.0. tZ It 15.11>" 14.094 70S 151 lU SO 25.0 -144l 41.16

lOS '151' ZO'.9 21. 'tOO Z~. I., 11 0) 1S.312 B.45} 6'-5 .~ \. lJ7." 7:1. t 20• 41.0l
lOS '1511 109.5 n. cx;0 :. b4 'I. ~. 14.155 lI.nl i'lq ;'01 ~)Z. '0 toO. I -99) 42.14
lOS YSII ZIO Z Z~.~Oil -11.74 49.b1 10.104 14.-114 1I!>4 eO: ZJl.50 15.0 -1555 42.00

lOb '1511 111.4 :".300 lbll Z7. ';6 15.173 n.n3 10'" 101 UI. 4<3 70. I 1U 45. '5
lOb 9S11 In.l 10. )V(' ZO.79 1. )0 14.61f> 11.311 b9S 107. H1.5: 41.1 ·1l10 41.00
101> ')51' ZU 6 10. ~"C JI 57 2.6••0 15. HZ n.l9J 7C5 711 llZ.50 15.0 -1407 tl.16

107 ~B la. I ~t-.S(\(J :~4. b~ U.b4 14.n5 n.B3 t'fC "9!> lY.>.U 13.6 0 47.05
107 9611 13 5 U. SOO 14.04 B.15 14.616 1I.77Z 735 70; llZ.50 "'., .'1' ,6.l1
107 9611 19. I 16, SOO 44.b6 40.90 16.217 It.O~ 168 7¥. ZlZ.SO 29.1 -IUS 42."

10. '1611 39.6 ZI.I>OO ".91 11. 'II 14.1'1'1 Il.b51 7l"J 707 lJl.~ 01.2 91 45.n
101 9f1l 400 ZI.600 11.56 10:.41 14.610. 11.772 679 015 l".51 14.' -66' 42."
101 0611 406 11.5~ Sl.J6 ZO.45 16.006 1Z.411 ... 7f>Z lU.57 l5.0 ·1405 41.1'
10il "II 40.7 11.5OC 4174 44.56 16.117 14.174 104 151 131. 51 2~ 1 -14" 40.35

10' ~II ".7 30.500 24.1>4 1~.57 15. )11 n.3n b90 707 l36.U R.7 -403 44.53
109 '11>11 99.1 30.5C" 21.49 4 ~ 14.'9S II. HI 111 71. :U.50 447 -99l 42."
109 96B 99.6 30.50) ZC.Ol U.t1 14.n5 H.Z93 701 7% Z34.49 ZS.O -1l.1 42.01

110 'll>JI 110.1 U.loo 16.94 15.14 14."71 lZ.733 b79 l>U lB.5l' 81.3 -343 43.10
110 'll>it 110.7 U.ll'O 2464 i. lO 14,flb l1.bll 711 7" U •. 53 3'.l ·99Z 42."
110 "II 111.3 Z~.OOO 35.50 3!> 06 16.00' 13.934 735 7Z'l Z12.50 15.0 ·1314 42.0l

III "II 11... ) ZI.900 lb.... .<3.99 14.61b H.ZH bt.!1 '73 Z36.411 R.I -1' 44.51
III "II 11".7 11.0:10 ':4.1>4 7. }O 14.755 11.411 69:1 796 ZJl.50 34.l ..... 41.10
111 "II 115. } 11. 'K'9 '0.1'1 37. ZS Ib.14? n.H} 71>1 HO HI 51 Z1.1 -111' 4Z."

liZ "II 125.0 ll.5oo 19.15 21. 11 14.t» 16 13.052 690 Hb ZJ~. 50 ".0 131 46.l1
111 'll>JI 115.' ZI.5oo 10.79 10.l~ H.bl.. 11.692 b79 073 HO.51 57.9 -'11 n.70
III 91>11 Ilb. ) 11. SOD 4:1.04 1I.71 16.141 14.0"4 74b '29 112.50 n.l -IZS7 42.0l

113 9111 6.' 13.4(\0 16.94 r:.53 14.39S U.533 ne 711 lH.50 5l. ) Uti 11.55
In ••11 7.5 13.400 ZI." lb. 07 15.730 n.1B 739 767 lZ9.52 44.3 JllO 79.'1
113 9121 7.'1 13.400 40.04 ~.~l Ib.4lb 14.414 !I07 756 lJl.51 0.0 171. 76."

114 OlC 79.' ze.60C' )7.13 37.'18 16.147 a." 14 no 7!1f> 2J4.4<l 105 1 11.1 15.00
114 Ole 10.1 l'.~OO "... 15.34 14.1016 H.EoH 730 734 2H.50 77. ) Z165 74.11
114 Ole- 10.5 lI.630 !5 U Zl. q: 17.1U B.l?3 750 77. 2)0.52 52, 3 .,. 75.00
114 02~ 10.7 la,bOa 2b.1I U.U 14.19S B.lIIl 1(06 167 ll951 30.0 I" 15.R

115 OlC IIZ.Z 19.700 14.b4 Z3.37 IS. In n.!73 711 7lZ 2H.50 57.3 1311 74.1'
115 OlC lIZ." 19.700 lb. 11 16.07 15.311 Il.652 72S 12) lU.SO bll.l lOll 73.37
115 Ole "3.0 1'.700 n.34 Iii. U 15.5-1 Il.n, 739 7-15 Z\O.51 S7.6 74Z 72,55
1;5 OlC I13.ll 19. no )6.SC 31.87 16.l87 14.014 7SC 707 1.2.50 50.l 571 71.13

116 OlC ZJ.b lZ.lOO 19.Z5 11. )7 15.59: 14.014 724 131 ~u..41 10...5 444' ".09
lib Ole 14.4 1l.lOO 14.6i 7.30 15.4~1 Iz.on 735 ,. I 23C 52 47.3 3110 '1.64
lib OlC ..4.9 2l.ZC>\J IL 55 ~ 57 16.117 14.334 7410 -5.. 135.41 b2, 7 lltl IG.R

117 03C 75.6 lZ. SOC It.H ll.18 IS.3IZ a.6n 735 HC Z34.49 107. I 30.1 10.00
117 OlC 75.1 ll.IOO ZI. 511 9. SO 14.11'15 12.25: 7tf: 71, Z3l.50 91. I 2097 79.11
117 03C 7b 3 ll.70" za.49 19.21 15.5"1 13.154 735 '41 l33.50 17.4 1400 77.55
117 OlC 7b.5 u ••oo l4.1>4 14.10 '5.173 a.6B 735 7)0 Zl3. SO 75.6 1377 77.SS
117 OJC 76.7 n.700 25.41 '.n 15. liZ 12,41Z n4 7 }.'I ZJl.Sl 63.l lZOO 76.13
117 .,C 77.0 n.700 H.811 30."" IS. no 14.0l4 7.. 741 Z}Z.50 44.1 1064 76.13
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TABLE 1 • cC.1td.

Out-
Exhault G•• Den- aide

Sun· Gl'o,. torque Cia. Producer Temp MAID Au- olty An,.. Adt nt Time Wt (pet) RPM (oFI aotor opeed Alt Temp
Mo. Mo. Ho. (m.nl Ub) r---! I Z -r---T RPM (ltn) eft) COF)

III 9(lI O)C 105.4 27.700 ~). 87 21. 18 15.0H 1).45~ 7;; 741 232 SO 57.3 1)43 77.55

III Ole 1&5. to 27.600 27.n 14.bl 15.lI2 12.813 746 75Z 226.53 46 I 1173 77.55

111 0:<: 105.9 27.600 28 4'< 29.21 15,451 1).774 ,46 ':5.! Bl. 51 39 9 974 76.73

II. O)C U6.2 22.300 20.02 2) 37 14.895 1).613 735 ,1° H4.49 104.3 3638 80.8Z

119 03C 136.7 2Z,300 17.71 8.77 14•• 38 11.09l ~ .!-.I 7!1' Hl.51 90.0 2699 79.18

119 Ole 1)7.2 ll.300 1".25 9. SO 14.616 IL6Q2 7)5 bO; HO.52 79.5 2076 77.55

119 Ole 1)7.7 22.300 17 ,I 7 30 14.B8 11.51l iZ.. 6"; H2.50 Il 3 1061 7).45

119 Ole 138. I 22.200 3~. H 30 68 15.730 1),8H 7-46 7•• l)l. SO 47. ) 624 72.64

110 O)C 197.2 l2.100 16.94 ll. 'II 14.477 1>.37\ 70l 70~ 2B SO 968 1980 80.82

120 Ole 197.6 22.300 IQ.25 7.30 H.Be 12.012 71, 69, Hl.51 87.6 )52e 80.00

110 Ole 198.5 22.300 l6. 'IS 1~.61 15,451 12.572 724 75l HO.52 80.5 1910 73.45

110 Ole 199.4 l2,200 44.66 50.40 16.426 14.494 813 77~ 23l.50 )0.6 466 70.18

III 03C 258. ) l2.300 H 57 H.B 15.730 14.014 724 HI 2)2.50 10l 3 3605 78.36

III Ole 258.9 22,300 29.26 9. SO is. H2 12.252 7!) 1-11 230.52 80.2 25Z8 77.55

121 0)(" l59.2 ZZ.300 20.79 II. 69 14.755 12.012 724 719 UO.5Z 79.5 1610 73.45

III OlC 260.5 2Z.200 22. n H 21 16.147 1).854 746 763 231. 5 I 30.6 561 69.36

III Ole 30e.9 l2.700 34.1>5 H.3, 16.287 14.4H 71) 097 236.48 9>.6 7960 93.09

122 Ole 309.6 ll.700 :3.10 8.77 15.312 12.492 70Z 686 232.50 100.3 6630 93.0~

III 03C 310. I l2.7oo 20. 'IS 24.83 16.287 14. DB 711 066 2B.50 103.2 6014 89.8Z

III 04C 25.9 23,900 21. 56 22 M 15.173 1).613 73Z 73e lH.49 M.I 2585 88.00

III 04C 26.4 23.900 28.49 17.53 15.869 13.21) 732 711 232.5G "'I I 1967 85.55

IU 04C 26.' 23. '!CO 28.40 1.9. ZI 15.730 J3.9H 754 760 H2 50 39. L 1684 83. 'II

114 05C 92.0 2;.800 20.79 23.37 14.89~ 1).5B 714 720 233. SO 83 , 3287 90. e2

114 05C 92.4 21.800 23.10 13. IS 14,895 12.733 725 731 230.5Z 72.1 2623 89.18

114 ose 92.7 21.800 24.64 17.53 14.895 12.81) 725 742 230.52 55.0 2HO 88.36

124 ose 93.2 ZI.700 14.64 37.25 IS, H2 14.414 714 7H 23l. 51 B.4 1966 87.55

115 oac 29.0 22.000 21. 56 18 99 14.89S 1).293 748 709 Z35.48 62.3 2553 82.43

125 Ole 29.3 22.000 26.18 9.50 15.451 12.172 737 731 2B.50 30.5 1976 81.65

125 Ole 29.6 22.000 H 57 29.21 15.591 1).854 748 753 2B.49 17.7 18U 82.43

126 oac 58.9 2".000 '1.47 18.99 14.616 1).453 715 720 234.49 80.5 3106 79.30
126 oac :9.2 Z9,OOO 13.09 4.38 13.781 11.371 726 698 232. SO 51>.9 24"0 76.96
126 Ole 60.0 29.000 45.41 44.56 16.4Z6 14.895 78Z 7116 2H.49 0.0 1278 73.83

127 oac 611.2 :1.900 17.71 18.99 14.616 13, )73 715 709 Z34.49 78.6 2774 77.74
127 oac 68.6 ll. 900 10.01 0.00 13.503 11.Z91 726 687 2ll SO S7. ;- 2056 15.39

127 08C 69.2 21."00 36.19 32.14 16,147 14,B4 i'15 76~ 2H.49 0.0 1171 73.04

III oac 107.4 22.400 15.40 17.53 14.19" 13.373 715 t>98 235.48 74.3 1873 73.04

III oac 107.9 n.400 18.48 8.03 14.059 12.012 737 709 232 50 20.5 1135 68.35

IU OSC 108.3 22.400 23.10 -- ~7 15.034 13.9H 737 75\ 238 46 0.0 tl21 67.57

129 I 09C 32.5 26. 000 IS ~O 16 07 14.477 13,ZI) 70S b~Q Z39.46 96 I ISH 69.30

129 09C 32.9 2b.000 30.03 10.23 15.0H 12.492 ""9 721 2B.50 22.7 1269 70 09

119 09C B.3 26. tOO B.88 14.61 Ib.008 13.9H 73& 754 2B.50 ".2 IJ61 70.09

129 09C B.7 Z6.600 B.88 27.7b 16,008 I' 934 760 7"3 23->.48 4 I 963 70 09

130 09C 51. 5 Zz.oOO 16 17 16.60 14.05'1 13,293 70S 69" 235.48 ;i. Z 146. b9.30

130 09(; 51. 8 2Z. bOO 10.25 8.77 14.755 12,172 77l 710 2B.50 53. I 1169 68.52
1)0 09C 52. I 22. SOD 32.34 29 94 15.8b9 1).854 7Zi ,54 234.49 30.5 962 68.52

131 09C 159.5 ll.bOO 23 57 Zb 3D 15.034 13.714 727 721 236.48 100 3 1058 63 04

131 09C 1,,0.0 ~I. SOil 23 10 5 11 14.755 II. 692 700 732 Zl9 52 39. Z 477 02 26

131 09C 160.5 2 •• 500 49.28 44 56 16.565 15.055 781 7bO H8.46 0.0 197 59. 'II
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TABLE 1 • c ....teI.

Oat-
EU....tO.. Dea- .14.

Sam- Oro•• Torque C•• Prod"cer T....p Na1a Air- .It} Air
pl. Acf' Fll Tlnle' W, (pct) RPW toF) Rotor .pe" All T....p
No No So. (min. (lb' ~ t Z ,---z lU'W \ka) Ut) to..)

112 908 O'lt. 220.4 19.3(\0 19.25 21 18 14,7S5 1l.691 70s 699 214.49 91.9 166S ".04
112 09C 220.8 1'I.3:;J 10.25 6. S7 14.616 12.0U 716 6" 2lZ.SO 6S.) 1117 5'.'1
132 09C 221. : 19.300 20.79 22.64 14.895 13.154 716 710 217.47 Sl.1 170 51.)5

I)) OOC 282 e; ZZ.lno 20.79 17.53 !4.895 12.971 7Z7 611 US." 90.2 '16 51.)5
133 09C 283 3 22.1~() 29.26 8 03 15.312 12.ln He; 741 U2.S0 63.1 SOl 51. )5
133 09C 283.8 22,(\~'(\ 30 01 H.IO 15.710 13.774 731 754 215.41 30.5 197 56.71

134 10C 2H 0 22.S, 0 3.08 000 11.971 '0.891 755 7Z7 245.41 17.2 34)6 ".4)
134 10C 233.5 22.5<)0 23.87 4. )8 14.755 11.451 1<10 711 U'I.SZ '16. 1 2515 71. '1
134 ICC 234.4 22.500 34.65 30.68 16.,,08 14.574 744 749 215." :01. ) 11'1 11.'1

135 llC 59.4 20.*0 30 01 Z7.76 15.173 13.774 715 734 U5." U.5 1027 ".00
135 llC 59.6 20.900 35.42 18.99 15,451 13.451 IZ9 756 z.''J. S2 ~1.2 154 ".00
135 llC 60.0 20.900 U.18 22.64 15.034 13.693 785 7Z1 US." 51.4 562 ".n
136 12C 50.2 24.900 20.02 11. "'I 14.755 12.171 711 661 2lZ.50 7Z.2 2'" .,. i)

136 llC 50.7 24.900 12.ll 0.00 13.50l 10.191 106 661 2ll.51 ~Z.1 1994 ~Z.~5

136 12C 51. 0 24.900 16.17 0.73 14.059 10.'111 706 67Z n,.5Z •• 1 lUO 5'.51
136 lZC S1. ~ 24.800 Z7.n 22.6'1 15,173 13.693 6J4 7SO 234.49 31. ) 411 57.17

137 12C '17.4 2'1.700 24.64 U.M 15.451 U.I54 700 70s 2lS." 91.6 l440 'l.n
137 12C '17.9 24.600 21.17 12.42 15.034 12.252 634 716 2Z7.5) 51. ) ~13 ~1.n

117 12C '18.4 24.600 45.'13 44.56 16.565 15.215 (2) 77Z 234.49 II. I 2115 59.51

138 ISC '16.2 24.000 40.04 )1. 41 16.287 14.49'1 76S 793 2)5." 15.fo )10) '1.45
136 18C 96.7 24,000 2:.56 9.50 15.173 lZ.IU 765 159 234.49 61.~ nal 90."
138 IIC 97.6 23,900 ~O.O2 27.76 15.451 13,154 191 791 234••9 11.6 2~S 13.27

U9 ISC ZZ2.0 ~2,600 19.25 21.49 16.008 14.414 754 IU. 241.44 ~1.2 SIOI ".U
139 18C ZZ2.'1 22.600 17.71 5.11 14.195 12.092 74) 731 236." 45.) 411' 95.5S
139 18C 223.6 ;:2.600 39.27 37.25 16••U 14.49'1 azo 804 234.•9 t.'" 1910 '1.45

140 18C BO.l 22.100 20.02 25.57 15.173 13.613 7'13 741 2)5." ".1 401' 93.09
140 ISC BI. 2 22.200 20.;9 0.00 14.895 11.131 791 126 UI.53 57.7 un ".11
140 18C 231.6 ZZ.20C 48.51 n.2~ 17 .679 14.494 900 115 2)). SO 0.0 1914 14.'1

141 18C H7.6 21.500 26.95 27.03 15••51 13.774 74) 759 U4••' 96.2 ll03 ".11
I'll ISC 24&.3 21.5CO 21. 56 0.00 15.112 11••51 7S. 770 U7.53 44.2 Zl., 17.36
141 ISC 248.6 21.500 '7.73 37.0:5 16.565 14.494 787 792 2n.SO 13.2 1914 14.'1

142 914 108 2.0 22.800 22.20 26.00 13.956 13.)U 61) 7ll 234.17 7'.' U7~ 11.43
142 lOB 3.3 22.1\00 24 30 8.40 U.'150 ll.n6 613 75) U4.71 3S.~ US) 75.10
I'll 108 3.9 22.700 37.40 41. 10 15.))9 14.294 758 800 :!ll. II 13.1 S73' 75.00

143 108 21.8 24,700 29.10 34.40 13. no U.6U 61) 731 234.17 13.1 ~97' ~.14

143 108 22.2 24.700 69 '0 0.00 15.H9 6.7)6 In 777 ZU.3S ".4 7554 17.~

14) 108 25.2 24.600 69.30 0.00 14.082 8.)1Z aaz 90) U'I.44 77.) 7062 11.11
143 108 25 9 24.600 28. '10 35.20 13.705 13.546 612 no U2.99 IO.~ ~9IZ 17.~

144 118 0.0 27.300 5.50 22.20 12.0147 13.172 644 76) U7.7Z 0.0 ~7 7300
144 118 0.4 27. lOO 36.00 62.70 14.333 15.118 767 178 Z34.l'i '7.7 5615 73.~

144 1111 0.9 27.300 41.70 46.60 13,705 13.995 756 791 230.11 14.1 ID5 74.71

145 168 n.5 21.700 U.18 5.15 n.Z02 1!.001 61Z 730 US. 90 IS. 1 5441 ".56
145 1611 42. & 21.700 2'1.11 13.7S I3.S19 11. )01 69'1 74Z U).5) 0.0 5391 97.72
145 1611 42.9 21.700 2'1.11 16.05 14.082 12.349 719 7" lll.99 0.0 sns ".11

146 I&B 61.3 20.600 15.9'1 )975 14.208 1l.621 694 7lS 2ll.9'9 10).:l 6)1) ".40
14t 168 64. : 20.600 I. II )0.58 12.573 13.471 645 754 2n." ~C".. z 5714 97.7Z
146 16B 64.7 20.600 45.7' 2.29 14.13~ 10.10) II!> 754 211.10 19.6 5411 ".11
146 16B 65.3 20. SOO 15.25 30.S8 12.825 13.3U 69'1 766 UI.Z6 9.7 SZ,. ,...17
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TAIlLE I - c-.l.

Oul'
Eah....IO.. Dea· .lde.... Oro•• Tor,,_ 0.. Pr0411Cer Temp Wala Air- .Ily AI,... Adl J1t T_ WI (pet) IlPM c"F1 l\olor .peed AU Temp.... No. ,... (ala) cu.1 r--I I t ,---y JUlM (ltal Ifll (OFI

I., .14 n. n.' 1-Z.1OO 24.95 SO.SI n.m 1Z.191 675 115 ZU... 19.6 47'0 1Z.14
141 17. H.l U.IOO )l.1I 6.11 14.0aZ 11. )01 700 161 ZZI.16 54.1 lIlI 8Z.~'I., n. 16. ) U.l00 ".IZ 41.16 14.711 H.UO I:Z 107 U,." 11.% lUI 11. ~6

I" n. 51. I U.lOO !t. ;) SO.SZ 14.ZOB n.696 700 126 ZlZ." 95. ) 4155 lI.i6
1t1 17. 5).6 U.OOO 16.04 41.16 14.0n n.6Z1 lZ5 77Z U4.1i ). S Z.- 76.14
1t1 1111 Sl.1 U.OOO ....: 51.99 14.n5 14.169 alz " .. U7.OB '11 ZlSZ 74 47

14' 1711 66.5 ZI.5OO 11.4l 42.05 i4.)H n.&45 71Z ,~ ZSO.6) 1).4 4U1 19.4'
149 11.' 67.6 ZI.5OO )J." 14.Sl n.956 11.900 700 150 UI.16 5Z. ! UI1Z 71 1>5
14' I1Il ".j 11.500 ".16 45.11 14.])) 14.145 175 196 UI.U 1'.Z ZI1' 16.91

151 11~ 71.5 16.100 n.4l 41. ZI 14. zoe )).'ZO lIZ 7S1 llZ.99 14.::' tOZ7 17."1
1M 11. 7'.6 16.100 n.O! '.11 n.10l II.S01 615 115 ZU.l5 50.1 lUI 11.65
151 n. 10.5 16.000 SI.II lZ.l) 14. ))) )).845 7)1 161 ZlZ" oS 5 Z151 15.)0

151 11. to. 4 U.600 SI.II 4). sa 14.101 n.9Z0 7)7 17Z Ul.11 34.% 1741 7•. 65
151 11. '1.5 lI.609 ...n ZO.64 14.ZOI 1Z.14' 7Z5 7U ZU.lS 9.7 Z957 16.14
151 11. tl.0 15.600 lI." Zl.10 n.)U lZ.t7Z 675 715 ZlZ. '9 '.7 1611 71.9S

151 11. 114.1 a.loo 51.U 6).45 15.Zn 14.961 189 a65 ZlZ." 64.Z nos 71.ll
151 11. III.Z ZO.IOO .,.to ".H 15.011 14.Z" 117 107 UZ." 77Z 4505 75.)0
151 11. IllS. 5 ZO.I00 )'.51 SO.SZ 1!.Z13 n.m 775 161 ZlZ." n.1 46)5 77.11

15) n. 116.5 ZO.OOO 'LSI n.1l 14.zoe n.471 700 715 Z3Z." 7.1., 4655 lO.nl,n 11. 107.5 ZO.OOO lLSi ,..... 13.9S6 l1.lOl 7ll 1)' ZZS.to 59.1 )11. 17.81
IU n. 1... 5 ZO.OOO 4'.ZI ".1' 15.011 14.36' IZS III Uf.i; 0.0 UH 70.ZI

154 I" )).6 ZI.600 ))." SI.U 14.Z01 13.6" 7Z4 1)5 UI. II 101.' -I 7'.14
1M 1.. H.4 ZI.600 )1.4) I1.SI 14. ))) IZ.04' 174 79Z ZU.J5 Sl.4 )Z96 11.16
154 II. lS.1 ZI.600 39.51 41.16 14.ZOI 14. no 14' liS llZ." )l.1 30)) 75.65

ISS ID lS.' 14.100 40.1., SI.U 14.ZOI 14.194 761 135 130.63 0.0 Z93.. -. 65
I" II. 16.Z 14.000 1).11 14. i6 15.142 15.111 9)5 I" lSO." 35.1 )044 7>.65
ISS 1.. n.' Z4.1OO 53.31 SI.11 15.011 14.594 161 549 Z14.17 60.Z 316' 71.16

156 I" Il.!! ZI.IOO 36.13 )".15 14.))) n.'lO 737 111 U4.1' 101.0 46H 14.1.
156 1.. I).' Z4.100 )1.11 41.16 n.'lO Il.US 699 1)5 UI.U 61.5 3403 '1.41
156 ID 14.4 Z4.700 14.16 U.70 n.n) IZ.I1Z "4 735 UO.6) 46.1 zacn ".9S

151 lI. lZ.' U.too )5.lS M.U 14.101 n.6" 71Z 746 Z3I.li '1.1 7Z11 11K1.77
151 lI. st.5 1). too lI." 6.IZ n.016 10.UZ 661 111 U4.1I 51.6 "96 'it.'3
151 15. ».1 U." 51.1' 6.11 13.519 11.001 U7 7Z4 UZ.J5 ;:'.1 5"Z 91.;:'>
151 lI. ».7 U.IOO n." lZ.1l n.m 13.1U 7Zl 1)5 U5.'JO 0.0 54)7 94.·1

lSi lIlI tL I 15.ZOI 45.74 45.11 14.111 14.Z" ~4 115 UZ.99 14.5 SO)O 9O.7Z
lSI U. tLl lI.ZOO 10. to 71.10 15.116 15.111 tz) I" Z14.17 H.' 51O) 9O.1Z
lSI lIlI ".5 U.IOO 56.14 55.11 15.213 14."" I,. ISO Z14.17 1).5 6014 9I.Z6

159 U!I 1tL 7 13. too tz.t7 ".16 14.711 14.Z94 799 115 lJ4.17 n.9 )"5 tz.4D
159 U, 143. ) ZJ.too 36.04 11.40 14.5ll 13.-95 76Z 71e Z14.17 1).5 441Z 95.14
159 U. 144.0 U.IOO 19.11 31.H 14.ZOi n.61i 7Z5 H5 US. J4 79.' 454.1 94.'1

1M n. 16.1 U.3IO 15. )5 SO. 51 14.1" 14.145 177 71Z !J4.17 17.) 5210 66.Z1
161 n. 1'.5 U.lOO n.o) II. )~ n.m lJ.41l 115 713 Z14.17 79.' 5505 67.11
I" I}. 17. ~ U.lOO 1).57 ...1 14. OIl n.54/> 70) 701 Z14.17 79.1 5456 ".1Z
1M n. 1'.1 u.zoo 5).11 M." 14.))) n.145 715 751 Z14.!7 94.% 5Sl1 67.11

16. n. a.1 u.zoc; )5.)5 Q.51 14.459 U.'lo 751 770 IH.1i Ill. I 547' '7.05
161 n. ZO., n.loo U.st 11.47 I4.ZOI n.546 70) 61' Z3Z.~ ..., SlSZ 67.05
1.1 n. ZI.6 n.loo .." 3Z.11 14. OIl 13.546 70) 101 ZH.17 105.0 51n 61.11

162 ". II•• Z).600 •. 04 5O.5Z 14.45' 14.145 769 '" l14.P 0.0 In 60.65
IN ". ZJ.G U.11O 66.54 .I.'Z 15.465 14.193 111 1046 1".1Z 107.5 14Z6 ".1'
IN ". Z4.1 U.IOO 54." 56.57 15.))' 14.66' IH 10)5 ZJt.17 111. Z 6..5 16.56
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TABLE I • coatd.

Ooot-
Exh....' Caa Dela- aWe

Sam· Gro•• T:lrqtu: Cae Prod'Jeer "i'enlp ,"in Air· .1Iy Air
pie Adt Flt TI_ Wt (pct) IlPM I"FI Rotor .,....,j A1t T-.
No. No. No. (miD) (lb) r---y I 2 ~ P">N 11<..) 1ft) ("F)

IU ". )7B )).9 21.700 29. J I U.r. 14.201 n.696 tn .:5 2S•• 17 101.6 747' 79.07
I~) )7B M.l 21.700 15.25 0.76 1l.'lS 10.40l 62) 904 2H••1 95.0 ,..c 7'.56
163 )7B 35.7 21. 600 24.95 7.65 1].202 1:.124 600 ~O 22471 5). ) laO I 7'.n
161 )7B 36. ) 21.6CO 34.66 46.63 14.201 14. ]6~ 722 lOGe 2M.!? ~.O 1,.. ".01

164 )7B 5].9 U.lOO n.aa 39 75 14.45e 14.145 722 ?96 llt.17 97. I U65 73.21
164 37B 54.6 Z:, leO U.42 H.M 14.333 U.~9S ;10 %2 ll2." 99. I 4301 73.11
164 )7B 56.2 U.20C1 30.50 13.76 14.45. 13.920 710 9~0 212 99 :01.' 4240 n.l1
164 )7B 57.3 U.200 ]I." ]1.64 14.459 n.6,. 722 925 2M.17 101.' 4191 73.11

165 ).B 116.0 2'.100 36.Ot 42.G5 14.711 14.220 ~}t .96 U4 17 99.2 )121 70.70
165 )7B 116.5 26.100 ]t.n 17.51 14.459 13.920 7U.' 950 234.17 107.0 )750 .....
165 )7B 117.2 16.ICO 2~.1I n.46 14.459 13.145 6<;7 938 2H. !7 100.4 3600 ...~
166 )liB 2. ) 22.900 2172 32 II n.9S6 13.5# 67~ .., 2)4.17 112. I 2940 54.n
166 JaB 3.3 U.9CO 19.41 6.12 12.950 11.151 £4c U~ UI.2' 62. I 231) SS.I'
164 JaB ).0 U.llllO 42. en 25.99 14.saS n.c.z: 'l) >'9 ;:;: •• 5] 21.9 2011 55. I'

167 liB 17•• Z4.~00 ](I 50 32.'7 14.20' 1l.621 1>5'1 '69 tH.17 119.5 31H 54.J]
167 3.B II." 2'.200 24.95 11.41 I'.ll}o 12.Ot':' 652 6., 229." 19.2 17~ 52.'5
167 ]511 90.0 2'.200 )7••4] 19.7S H ••S9 D.920 7)9 746 121.26 II.' ,~3 5O.J-4

loll ]SB 95.• 2].9,)(1 ZS.42 H.34 14.0'2 13.546 10~ ,,89 2l4.P 10]. 'I lS54 5]."
161 liB .,.. ] 23.900 21." '.41 13.202 l1.n6 652 .l!9 HI. II 67.1 1311 SO. 16
161 31B '97.0 23.900 50.60 )9.75 14••5<; 1l.595 1~ 769 :23.54 2'.3 594 SO. 14

16. liB IlS.1 2].300 20.10 25.2) 1l••]0 13.247 6~2 6n 232.99 67.4 195. 51.11
169 )Ill 126.1 2:.2DO 27.0] ~.94 13••53 11.525 651 701 US.19 'I. ] .U SO."
169 )lB 1l7.5 2].200 37 .43 l6.70 14.))] n.621 727 7(,i 229." ZO.3 3SO 4'.30

170 3111 n2.2 21.100 21.49 2.... 13.453 1l.022 ~ 10: 2)1.11 lOt. 2 3l~- n ••5.,
170 31B 1l3.7 21.8:10 20.10 t. Il 13.202 11. ]01 651 689 U7.~ ""0 127. SO."
170 )Ill 1M.' 21.6:lD 45.74 28.29 14.459 13.172 776 7.., zu..)S 25.0 500 SO. 14

171 liB IS'.0 lJ.OOC 29.11 12.~ J4.ZOI 13.621 677 677 134.17 11••• 6237 56."
171 laB 159.9 ll.OO':: 26 l. 10.70 1)••'0 11.'1'4 6W 70~ Ui.H '7.7 2211 53."
171 JIB 160.6 Z!.O~O '7.11 46.6] 14.515 13.99S 164 746 U .... 30.4 1117 Sl.4'

112 liB In.? U.SOO 0.00 95.S<> 126 15.166 1(1.0 1137 231. .1 •. 9 301 SO. 14
172 3511 174. ) U.SOD O.OD lOS. so 116 15.166 IS!; IIi' 116.U. 2'l.4 407 50.14
172 )lB 175.5 U.400 0.00 101.61 251 15.941 IDS lito 22).53 11.2 ,!>6 47.'3

In ltIl 176.7 22.300 0.00 71.10 126 IS. III eo 1068 llZ.,. n.2 lZ19 SO."
In 3IB 117. '. U.3OO 0.00 74.16 126 15.342 I~ Ion 232." 6t. ) 1350 SO."
In lUI 17'.4 2:.300 O.N 74. If. lSI 15.417 69 10.9 2]1.81 ".0 1477 S1.'1

174 lIB 117.2 ll.'lOC 0.00 74. '2 !16 15.261 110 iO~1 ZlI.11 15." 3061 55.16
174 )III 1".4 21. '00 0.00 75.6'1 126 15.342 In I....S 2H.1I al.O no. 56••
174 18B 189.5 ll.9DO 0.00 7t.4S 126 15.Ul 117 107" 2)1. SI 80.0 lUO 56."
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Out-
Eahaua' G•• I)c,- aade

s-,. Gro•• Torque C.. Producc-r TC'm;. M4I" AIr ... alty Air
,.a. Adl Fit Time WI ~ RPM l"FI Rotor .~cd All Tt:rnp
Mo. Mo. Mo. lminl IIbl I 2 I 2 -1--:- RPM 1k"1 1ft) [OFI

175 '14 3111 193.2 21.700 0.00 55. II Ilb 14.H3 UO 1034 234.17 78.9 1693 51.51
175 3111 194.9 21.700 0.00 7S.H 251 15.417 130 1092 228.26 22.7 297J 57.67
'75 3111 195.5 21.600 0.00 101 21 Ilb IS. '141 142 I itO 211.70 0.0 a26 57.67

lU lIlI 195.7 21.600 :l.00 I,H.H 126 15.106 142 lid 211.70 0.0 2657 56.00
lU lIlI 196.0 21.600 0.00 103.21 126 15.866 UO 1I@1 211.70 0.0 2UI 56.00
176 3811 196.6 ~1.600 0.00 65.77 177 15.716 130 1101 23S.91 0.0 2760 SO. I~

171 5611 1.3 22.100 26.H 39.75 11.110 11.771 821 i~c.. 215. l6 76.2 4172 16.41
177 5611 1. I 22.000 9.70 2.29 12.196 11.451 117 4 •• 214. !7 31.2 1721 85.57
171 5611 2.3 22.000 1l.51 14."0 14.012 11.771 12S 7&5 211.~ 0.0 1622 85.57

171 5711 70. I 19.000 16.73 35.17 14.201 11.771 924 8l>2 211.81 102.1 "992 10.13
'71 5711 72.0 19. COO 20.10 7.65 12.9SO 11,226 775 H7 ~5.9O 0.0 3417 79. 16
171 "'711 72." 1&.900 16.73 45.87 14.0il2 14.145 137 80s 230.63 0.0 lUI 10.00

179 5711 12.2 21.700 51.22 "5.17 14.585 14,070 187 7'14 229."4 0.11 4711 11.67
17' 5711 1l.5 21.700 59.61 "5.17 !-t.I16 14,220 912 80S 212.~ 93.2 4519 11.67
17' 57B 11.2 21.700 41.52 "9.69 14.116 14• .169 802 117 232.99 101. I 5176 SO.13

110 5711 122.9 20.200 41. 5Q 39.75 14.201 14.070 812 758 232. '?CO 109. I 56.. il 11.07 I
!IO 5711 123.8 20.100 3O.5L' 12.21 12.125 11.226 77S H7 221. 16 0.0 4955 &c.n
110 5711 12... I 20.100 29.10 29 OS 11.130 11.471 801 741 231. 11 0.9 4672 80.00

III ;711 125.2 20.100 40.19 16.70 14. SIS 14.070 8SO 7M 2H.17 78.2 HI6 10.53
\11 5711 125.6 ZO.loo 20.10 6.88 12.950 11.675 775 75t 230.63 0.0 H99 10.13
III 5711 126.9 20.000 49.90 19.75 14.I16 11.920 887 794 231. 81 106.5 "5H 10.00

III 57B 153. ' 21.100 11.17 11. ..7 12.573 12.199 701 701 232. "9 77.3 71n 19.21
III 57B 15-&. 3 21.100 24.26 12.13 11.202 12.274 77S 770 22. 08 59.5 6111 84.19
182 57B 155.4 21.000 2".26 26.76 11."53 11.396 716 751 lB.II 0.0 5351 11.67

113 SIB O. I 23.OW 75.55 H.9I 15.213 14.594 910 all 211.11 107.0 266 5-&.15
113 SIB I. I 23.000 H.15 64.91 15.591 1".961 985 S46 232.99 91. 7 259S 52.29
113 Sill 2.3 22.9CO 11.18 35.93 14.012 11.145 111 756 211.99 90.3 ..712 57.43

1$4 SIB 15.7 25.900 "1.59 n.DS 14.515 1... 1..5 I .... 779 231.81 59.1 5250 59.14
:M Sill 17.0 25.800 20.10 1.53 12.125 10. 103 717 687 227.08 51.3 4611 5".00
1M SIB 17. I 25.800 H.9S 10.70 12.125 11.600 H8 720 211. 81 41.1 2029 5".00

liS 60B II.J 22.200 H.66 53.52 H.208 1".893 &21 S46 2H.17 0.0 2291 69.14
liS 60B ZO.O 22.100 61.69 49.69 15.213 a.519 920 813 211.99 95.6 ..031 75.1"
11~ 6011 20.6 22.100 61.6" 49.69 15.339 H.5l9 950 III 232.99 104. I 513.. 77.71

116 6111 55." 26.200 72.0& 57. H 15.339 1".145 971 671 211.99 0.0 3336 77.il6
116 61B 55.7 26.200 69.31 67.:8 15."64 15.043 995 904 232.99 IS. I 1467 77.86
116 61B 56.5 26.200 59.61 56.5- 14.816 !4.594 196 516 212.99 104. I 4097 11.29
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TA8LE n. INVESTIGATION OF CH-41A HJ:L1COPTEa ENGJNS LOAD
SHARINc. (lNSTRUWENTATION INCOMPLETE)

Torcau
Time (pet)

Sample Number Aircraft Number FU.ht Number (mia) 1 1 FliIht Coaditloee

1 908 ZA 1.1 41.51 19.11 A

1 908 ZA 1.1 66.99 41.11 A

1 908 ZA 1.6 51.5Z 50.40 A

1 908 ZA 9.4 41.51 43.10 A

Z 908 ZA 14.6 49.U 35.06 S

2 908 ZA 15.4 ZO.19 48.Z1 5

2 908 ZA 16.4 36.19 33.60 5

3 908 3A 1.6 30.80 11.91 D

3 908 3A 1.4 23. 10 U.15 D

3 901 3A 9.0 1.24 6.51 D

3 908 3A 9.1 Z1.1Z 11.69 D

4 908 4A 1.2 1695 U.64 S

4 908 4.A 1.9 1 41.61 5

4 908 4.A Z.1 (._ 11 40.90 5

5 908 7A 61.6 16.95 1.11 D

5 908 1A 69.5 16.95 14.61 D

5 908 7A 10.1 40.04 39.44 D

6 906 16A J:.9 36.19 37.98 5

6 908 16A ZO.5 21. 56 6.51 D

6 908 16A Z1. 9 ZI.49 U.64 D

-; QO& 17A 11.4 34.65 35.19 D

7 908 I1A 19.0 21.56 1.11 D

7 908 I1A 20.4 31.51 U." D

1 908 l1A Zl.6 41.35 n.a7 D

8 908 I1A 40.1 54.67 U.59 A

8 908 I1A 43.0 46.20 Z1.16 D

8 908 I1A 44.2 5O.1Z 41.41 A

9 908 17A 62.2 31.57 Z1.16 5

9 9Ot; l1A 63.Z 36.96 21.11 D

9 908 I1A 64.1 Z3.17 1.30 D

10 908 I1A 65.3 34.65 n.14 A

10 908 I1A 66.5 23.10 6.57 D

10 908 111. 61.1 49.ZI n.14 D

11 908 18A Z3.8 49.ZI 41.41 5

11 908 18A 24.5 29.16 25.51 5

11 908 18A Z5.8 40.81 37.91 5

1~ 908 18A 29.1 36.96 33.60 D

lZ 908 18A 30.Z Z1.72 8.11 D

lZ 908 18A lZ.3 41.74 40.17 D

8D - De.cent; S - Steady; A - A.ce"'; .. - Iotaneu"e..; H - Hower
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TABLE U - coatcl.

Tor~ue

Time (pet;
Sunple He._r Ainult Num_r FU.ht Hlllllber (mill) i 1 FU.bt COftditioa·

11 901 1110 54.1 27.12 2l. 37 D

13 901 1110 55.6 7. ';0 0.00 D

a ~I 1110 57. i 62.37 54.711 D

14 901 1110 64.3 29.26 27. tl3 5

14 90S 1110 65.l. 10.01 6.57 D
14 ~I 1810 66.1 11. 55 7.3C D

IS 901 1810 68.3 19.27 35.79 D

15 908 1110 76.1 39.27 39.44 S

IS 901 1110 79.4 19.26 10.96 D
IS ~I 1110 10.8 56.11 4&.01 D

16 90' 1110 1l0.' 31. 57 1.9.21 5

16 901 1110 112.2 23.87 9.50 D

16 901 1110 123.' 46.20 40.17 D

17 901 1110 12•. I 6".68 5fS.•3 A

17 901 liA 126.9 3i.N 10.'5 D

11 90. 1110 127.2 39.27 34.33 D

I' 90' 1910 29.' 21. 56 33.60 A
II 901 1910 19.6 62.37 61.66 A

1. WI 1910 30.6 43.89 46.75 A

l' 901 1910 Sl.O 27.72 29.21 D

19 901 1'110 59.5 1.41 3.65 D
19 tol 1'10 60.2 31.57 14.61 D

zo 901 1910 12.6 30.10 29.21 II

20 191 1910 13.6 0.00 38.71 D

20 901 1910 14.7 5O.&Z 47.41 D

Zl 901 1910 19.' 50.05 41.63 D

21 901 1910 89.9 H.at> 3.65 D

21 90S 1910 91.4 29.16 3.65 D

2Z 901 1910 110.3 44.66 43.83 D

2Z 901 1910 111. 7 21.56 9.50 D

2Z 901 1910 lIZ. 5 75.46 66.47 D

23 901 1910 131.9 26.95 18.99 D

23 938 1910 132.3 11.56 7.30 &

23 908 1910 133.5 36.19 16.80 D

24 901 lOA 8.6 34.65 33.60 D

24 901 ?OA 10.2 23.N 8.03 D

24 901 2C1: 10.' 42.35 21. 91 D

25 901 lOA 44.9 31.57 Z6.3C D

25 901 20A 45.6 29.16 8. 77 D

25 901 lOA 46.9 46.91 36.52 D

eD - Deaceal; 5 - Stedy; A - A.celll; iii - MaIleuftr; Ji - H_er
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TA~LE 11 • cuntd.

Torq·.1e
Time (pet)

Sample Number Aircraft Nuu:ber Flight Number (mia) 1 ~ Fll.ht CoDdltione

U 908 20A 73.0 H.65 31. 41 D
26 908 20A 74.5 U33 7.30 D
2t: 908 20A 75.6 39.27 32.14 D

~7 908 20A 84.8 42. 31) 39.44 D
27 W8 20A 86." 29.26 2.19 D
Z7 9J8 ,OA 87.7 52.36 36.52 D

21 908 llA 13. Q 3<; Z7 39.44 S
28 908 21A 14.3 70.8<1 0.00 S
28 9li8 21A 15.3 62.37 10.96 S

29 908 21A 36.7 26. 'IS 22.64 D
29 Q08 21A 37.4 21.56 8.03 D
29 908 21A 38.1 22.33 6. 77 D

30 908 21A 97.3 36.96 33.60 D
30 908 ZIA 98.4 13.09 0.00 D
30 908 21A 98.9 36,19 16.80 D

I 31 908 Z2A 50.8 28.49 21.30 D
31 908 22A 51. 6 0.00 43.83 D
31 9O!l UA 52.6 lfl.4S 4.38 D

3Z 90e Z3A 7.3 33.8S 29.'" D
3Z 908 ,3A 8.5 18.48 6.57 D
32 '108 23A 10.1 40.81 38.71 D

33 908 23A 23.2 23. 10 21.91 D
33 908 23A 24.1 23.87 13. IS D
33 908 Z3A 24.9 14.63 7.31} D
33 908 23A 25.9 30.80 14.61 D

34 908 2lA 73.5 33.80 26.30 D
34 908 23A 75.2 39.n 4.3' D
34 908 23A 75.6 34.65 H.41 D

35 908 23A 77.7 33. AI 46.01 H
35 908 Z3A 78.4 39.27 48.21 H
350 <!O8 23A 78.7 34.65 42.36 H

3£ 908 23A 138.8 33.88 27.76 D
36 908 23A 139.9 21.10 &.03 D
36 908 23A 141.4 11. SS 4.38 D

37 908 23A 1~.1 37.73 37.25 D
57 908 23A 199.6 26.18 7.30 D
37 908 23A 199.9 23.10 24. 10 D
37 908 23A 201.7 29.47 33.60 D

eD • Deaceat; S • Ste~dy; A - Aacent; ),( - )hDeuver; H • Hoyer I
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TABLE II • contd.

Torqu~

·nlr.~ (f~t'

Sample Number Aircraft Number Fliaht Number (min) i 2 Fliaht Condition-

31 914 4lA 8. 1 l7. n 15.17 M

38 914 flA 8.5 0.00 ll.l3 M

18 914 4lA 9.0 1&.81 4l.81 M

18 914 flA 9.8 6.93 27.5l M

39 914 42A 11.5 17.33 27.52 0
3'1 914 4lA 11. 9 0.69 22.94 0
39 914 42A ll.5 19.51 23.70 0

to 914 43A 8.~ 18.02 16.05 0
40 914 41A 8.9 17. n 4.59 0
4<1 ,14 43A 9.4 15.35 19.11 0

41 914 44A 1.8 56. 1~ .4. 34 A

41 914 44A 5.3 36.04 47.40 A
41 914 44A 7.1 15.35 41. 28 A

42 914 44A 27.0 76.7.4 53. 10 A
42 914 44A 27.2 n.78 63.45 A
fl 914 44A 27.6 49.90 58.10 A

43 914 44A 49.8 ..5.05 49.69 S
43 914 44A 50.7 51. "'3 46.63 S
43 ~14 +fA 51.6 32.58 49.69 S

44 914 45A 14.7 60.99 28.Z9 A
44 914 45A 14.9 27.03 Zi.tO A
44 914 45A 15.1 51. 98 40.5Z It

45 914 45A 27.6 15.25 2!'.23 l>
45 914 45A 28.5 0.00 19.88 0
4!) 914 45A Z9.6 40.20 35.93 0

46 914 46A 10.7 19.51 36.70 S
46 914 46A 11.1 0.00 42.81 S
46 914 46A 11. 6 19.51 45.87 S

47 914 46A 15.8 9.70 9.17 0

47 914 46A 16.7 41.59 18.35 0

47 914 46A 17.1 51. oJ8 40.52 0

... 914 46A 17.4 50.60 25.23 H
48 914 46A 17. E 51.29 41.58 H
48 914 46A 18.1 49.90 54.Z8 H

49 'n4 46A 41.4 77.61 58. 10 A
49 914 40A 41.7 65.84 50.46 A
49 914 46A 42.2 37.43 4Z.81 A

50 914 46A 4Z.4 36.04 42.81 0

50 914 46A 42.8 0.69 17.58 0

50 914 46A 41.~ 38. lZ 39.75 0

51 914 47.1> 11.0 41.59 31.34 H
51 914 47.-'" 11.2 48.52 38.99 H
51 '114 47A 11.1 0.00 50.46 H

-0· De.ceDi; S - Steady. A Ascent; M - Maneu\Oer; H - Hoyer
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TABLE 11 - cOlltd.

Torqlle
Time !pet)

S~mple NlImber Aircraft N"mber Flilbt Number (lnill) Z Fll.ht CollClitiolle

52 914 4711. 11.7 76.24 64.98 A
SO: 911 4711. 12.0 t>7.23 65.77 A
52 'H4 4711. 12.4 62.38 64.98 A

53 9H 5011. 2.9 49.90 45.11 D
53 914 5011. 3.3 7.62 68.04 D
53 914 5011. 4.1 46.44 55.04 D

54 914 5011. 37.4 55.45 68.81 S
54 914 5011. 38.1 58.22 62.69 S
54 914 5011. 38.6 40.20 47.40 S

55 914 5011. 79.:' 2.08 25.23 D
55 914 SC.A 80.2 43.67 49.69 D
55 914 5011. 80.2 40.89 45.11 D

56 914 5111. 0.1 71.39 48.16 A
56 914 Sill. 0.4 49.21 52.15 A
56 914 :,1" 0.6 22. :;7 31.46 A

57 914 5111. 2.4 29.80 39.15 S
57 914 Slit. 2.4 29.80 38.99 5
57 914 5111. 2.5 22.83 34.40 S

58 914 SIll. 4.6 20. 10 29.05 D
S8 914 5111. 4.6 77.63 64.98 D
58 914 Slit. 4.6 40.20 42. OS D

59 914 5 lit. 7.8 29.11 31.46 D
59 914 Slit. 7.8 16.93 64.98 D
59 914 5111. 1.9 48.52 50.46 D

60 914 Slit. 8.0 18.71 ?:7.S2 D
60 914 SIll. 8.1 6.93 29.05 D
60 914 Silt. 8.1 44.36 45.11 D

61 '114 5 lit. 8.!> 41. 59 49.69 S
61 914 Sill. 8.6 0.00 71.10 S
61 914 Slit. 8.7 0.00 93.21 S
61 9Jot Slit. 8.8 0.00 100.15 S

62 914 5111. 8.8 0.00 91. 14 D
62 914 51" 8.9 C.OO 25.23 D
62 914 5111. 9.0 0.00 16.82 D
62 914 5111. 9.1 0.00 29.82 D

63 914 5111. 9.S 40.20 54.28 5
63 914 51A 9.6 42. 'J7 35.93 5
1>3 914 5111. 9.7 38.81 35.93 5

64 914 5111. 10.0 18.71 21. 40 D
b4 914 51A 10.0 71.39 50.46 D
64 914 5111. 12.7 43.U 31.46 D

-D - n.,scent; S - Steacy; A - Ascent; M • M~neuver; H - Hover
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TABLE U • cOCltd.

Torque
Time (pet)

Sample NWIlber Aircraft NlUDber FlI.ht Number (miQ) i Z Flilh~ CotadltioQ.--
65 914 SZA 0.1 n.18 60.40 A
65 914 SZA 0.5 6L 119 57.14 A
65 914 SlA 0.8 39.51 47.40 A

6t 914 5ZA 1.3 31..S8 fl. 95 D
66 914 5ZA 1.8 13.86 35.17 0
66 '14 SZA l.3 1.39 14.53 0
66 '14 SlA 2.5 43.67 4Z.81 0

67 '14 52A l.8 8. lZ 6,).40 A
67 914 5ZA 3.1 36.04 37.46 A
67 '14 52A 3.4 20.10 2S.l3 A

61 914 51A 3.6 18.71 Z9.82 D
61 914 5ZA 3.9 9.01 Z4.46 D
61 914 SlA 4.1 47.13 41.28 D

69 914 SZA 18.i 26. 34 35.17 0
69 914 SZA 18.7 13.86 H.64 D
69 914 SZA 19.3 78.32 6~.04 D

70 914 5ZA 20.1 74. 16 oS. 77 A
70 914 5ZA ZO.4 &7.l3 &4.98 A
70 914 52." 20.8 41. SCJ 56.10 A

71 914 5ZA 31.0 3S. 35 31.46 0
71 914 SZA 31.6 4.16 16.82 0
71 914 S2A 32.4 49.90 fl. 81 0 .
7Z 914 SZA lZ.6 76.93 61. 16 A
7Z 914 5ZA lZ.' 48.5Z 6Z.69 A
7Z 914 SZA 33.4 45.14 52.7S A

73 914 SUO 4l. I) 11. 09 23. 70 0 I

73 914 5lA 43.7 33.96 35.11 0 I73 914 SZA 44.2 7.62 19.11 0
73 914 5lA 45. I &9.31 ~5.~ D I

74 914 52A 59.l Z4.9S 32. 11 0 I14 914 ;ZA 59.6 11.32 ;:3.70 0
74 914 52A 60.4 53.37 13.00 0

75 914 5lA 60.6 78.32 71.10 A
7S 914 5ZA 61.1 51.Z9 61.9Z A
75 '114 5ZA 01. 7 19.80 "5.87 ill

76 914 5ZA 62. I 27.03 4Z.81 D
76 91-4 S2A 62.5 11. 09 Zb.76 D
76 914 SZA 63.3 74. 16 50.46 D

71 CJ14 S3A 10.7 l.Z.fJ7 3Z.11 0
77 914 S3A 11. 0 5.54 2~. 8, 0
77 914 53A 11.5 b.Z4 17.58 0

78 914 S3A lZ.9 19.41 32. 11 0
78 914 S3A n.8 6.24 18.3!> D
78 914 S3A li.2 35.3S 41. 28 0

en • De.cent; S - Steady; A • A.cent; M - J-tOUleuver; H • Hover
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TABLE 11 • conto.

Torqu...
Time (pet)

Sample Number Airc:-a!~ Numtxr F11~ht NUnlbel' l:nir.} ! l Flilht Condition-

79 91~ 53.'" 46. tl l>5.8~ 65.77 H

79 914 53A 47.3 6~ 9Z 70.33 H
79 91-1 HA ~7.7 33. l7 ~~. 11 H

80 .. H S3A 69. 1 36 73 47.40 S
I 80 914 ~3A 70.G 40. lO ~9.b'l 5

8C1 914 5lA 70. 3 H.t.(, ~S.87 5

81 914 S3A 73. 7 lS.0Z 35.93 D

81 914 S3A 74.4 5. ~-t Z, SZ D

&1 °14 S3A H.t 3e.81 65.79 D

I 82 °14 j3A ill. 4 32 5~ 4S.87 D

82 911 ~, ... 82.2 I. ",Z B.2a D
I 82 91-1 53A 8Z.& C. ~~ 71. 10 D

I 63 114 53A 'Ie. 1 .. !. 5~ 51. 99 H

81 914 5lA 90.4 ';0.20 ~6. 16 H
I 83 914 SlA '!0.7 ~Z..Z.3 -1<;.59 H
I

I 84 '114 S3A 'IS." \2 Sb "7.4e D

0'- '114 53.... 99. i ·}.70 lS. 99 D

ti4 0\4 53A ~9.~ /.1. .b e8.04 D

65 911 53A ICS.o4 ~t•. ~4 35.93 D

85 914 '\iA ~Oo. I i 0') l~.O5 D

85 <I!4 SjA 106.8 ..&.44 4t.d D

56 914 :'3A 115 J )~ !! 42.~S D

86 9H 53;' 115.9 :~ 71 Z.9. S2 D

86 914 53;' 116.3 -L 6:: b4. ~3 D

I 87 -l14 ';4A I e 0 ::(' i 3. CO D

37 914 5';A 2. Z. 39.51 38.H D

87 914 54A 2 3 .n. (,7 ';Z.C; D

38 914 5iA ~.~ ;: D8 :'0.10 H
88 914 50iA I I 4e."" Ft. 75 H
88 914 "'4A -1.4 \0. :l" H.75 H

89 'H4 5...... '1.3 ';2 ?~ 55 N S

89 'h~ SolA iO.O ~S. ~4 .l4.H S

8'1 91'4 54A :1' <> -!~_,b ';:.28 S

90 ?1-1 54A 14 3 tz.. IS ZI 4C !)

90 914 5;i\ 14. b 71. H .:~. 87 0
90 'H4 :>4A 15 I -i6 H 5Z.7S 0

91 914 54,,\ :5. Z ~3. n 36.70 H
91 914 5..A IS. ~ ;c.9lY '8. Z3 H

'n 91'4 54A IS. q 6'1. H 37. ~6 H

I ~2 91-4 S~." 17.~ 55 of., St.S7 S

92 9!4 'i4A 'S.3 ,,~.C!> 5l).~ S
qZ 014 54A l!l. ') j ~. 1c: 4~.~S S

92 ~14 S~A 10) 1 3"t.6o 5C 52 S

-0 . De_~ent: S • St~~dy; A . A.~~Dt; M - Y..>.neuv~r; H • Hovrr
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T ABLE II • contd.

i
t Torque

Time (pct)
~ . Sample Nllmber Air,raft Number Flight :":umber (mIn) 2 Fhgl:t Conditton...

93 914 SolA 25.4 2!. 49 B.64 0
93 914 SolA 26. 3 52.63 46.63 0
93 914 SolA l6.3 42.l8 38.99 0

94 914 SolA 19.9 50.60 48.93 H
94 914 SolA 30.5 111.71 70. B H
94 914 SolA 30. 7 63.07 54.l8 li

95 914 SolA H.8 34.66 45.! 1 5
95 914 SoiA 35.1 41. 59 37.46 5
95 914 SoiA 35.5 40.20 3~.99 S

96 914 SolA 81. 7 32.58 45.11 0
96 914 54.40 82. 3 Z.08 11. 47 0
96 914 SolA 82. 7 4S.52 53.52 0

97 908 641. 18.6 36.96 37.98 0
97 908 641. 19. 1 3b.19 27.03 0
97 908 641. 20.0 40.81 30.68 0

98 908 671. n.l 26. 18 25.57 0
98 '108 b7A 23.4 23.10 15.34 0
98 908 671. 24.5 l3.10 9.50 D
98 908 671. 25.0 30.03 8.77 .;

99 908 681. 8.7 21. 56 46.75 0
99 908 681. 9. 7 25.41 19. n 0
99 908 68A 10.3 l8.4~ 19. n 0

100 908 681. 15.3 B.88 -15.29 A
100 908 681. Ib.O n. 38 69.39 A
100 908 681. 16.6 60.06 63.55 A

101 908 68A 26. 3 20.79 21. 18 0
101 90il 681. 26.9 27.12 19. n 0
101 'l08 68A 27.3 B.ll 34.B 0

102 90S 681. 71.6 B.88 31. 41 0
102 908 68A 72.8 U.B 10.23 0
102 908 6SA 73.4 8.47 7.30 0
102 90S 68A H.S 29.26 12.42 0

103 906 68A 99 0 H.87 27.03 0
103 90S 681. 100.4 13.86 8.03 0
103 908 6'3'\ 100.9 33.11 17.53 0
103 908 68:. 101 45.4~ 44.56 0

104 <>08 681. 117 t> 16.17 8.03 0
104 90" 68A 118.3 24.64 8.03 0
104 'lOi> 681. 118 8 <.6.95 8.03 0

1(,5 OOS 691. 40.2 21. 56 21. 18 0
lOS 90& 691. 40.6 29.26 16.07 D
lOS 908 691. 41.2 23. 10 18.99 D
IDS 908 691. 41.8 36.96 35.06 D

-D - Deecent; S - Ste~dy; A - Ascent; M - M~neuver; H - Hover
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TABLI' n • coate!.

TorCllle
Time ,j!Ct)

Sample Number Alrcult Number Fll.ht Nllmber (mill) i Z F1iPt CollClltioa*

106 908 12.1. ~7.1 Z2.33 18.16 0
106 908 7U ~1.4 31.57 18.16 0
106 908 12.1. U.9 51.59 45. ~9 0

107 908 741. 9.1 33.11 35.06 5
107 'XlI 74A 11.6 30.03 20.45 S
107 908 741. 13.3 35. 4~ U.30 S
107 908 741. :5. 1 37.73 1.03 5
107 108 74A j6.5 U.49 ~9.94 5

108 908 74A ~0.8 15.40 15.34 0
108 Q08 74A ~1. 1 45.43 ~7. 76 0
108 908 741. ~1. 4 43.89 35.79 0

109 908 ~B 43.5 39.27 44.56 0
109 908 2B 44.0 20.02 18.99 0
109 908 2B 44.3 23.10 27.03 0
109 908 2B 44.7 7.70 26.30 0

110 908 3B 19.0 12.32 29.21 0
110 908 3B 19.3 30.10 24. 10 D
110 908 3B ~O.O 25.41 1.2. 6~ Ji
110 908 3B 20.7 58.52 51. £6 0

111 908 9B 32.7 30.03 29.21 0
111 908 9B 33.4 10.01 21.18 0
III 908 9B 34.3 28.49 24. 10 0

11~ 9G8 53B 0.0 23.90 2.90 A
112 908 53B 0.1 47.70 17.50 A
112 908 53B 0.3 41.60 52.60 A
112 908 53B 0.7 43.90 48.~0 A

113 908 54B 142.9 42.40 41.60 0
113 90& 54B 143.7 U.20 11.70 0
113 908 54B 144.8 24.6~ 10.20 0
113 908 54B 145.4 37.70 38.00 0

114 908 55B 174.9 18.50 19.70 0
114 908 558 175.4 11.60 3.60 0
114 908 55B 175.7 20.80 31. "0 0

115 908 638 64.3 23.10 U.60 0
115 908 63B 65.6 23.90 7.70 D
115 908 63B 66.4 47.70 44.80 0

116 908 93B 5.2 3Z.30 34.30 0
116 908 93B 5.9 15.40 3.60 0
116 908 93B 6.3 36.20 10.20 0
116 908 93B 6.6 40.00 39.40 0

*0 - De8C.ellt: S - Steady: A - Aacellt; M - Maneuver: H - Hewer
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TAISLE II • c_tcl.

Torque
Time (pct)

1a.-np1e NlUDber Aircraft NllIIlber n,ht Nllmber (miD) 1 1 ,.1i1ht CoaditloDe

117 901 931S 1l.1 39.30 40.90 n
111 901 931S 11.6 Z6.10 11.10 Ii
117 901 931S 11.3 34.10 31.10 D

111 901 931S 11.5 13.10 9.50 A
111 901 931S 11.6 55.40 35.10 A
111 901 931S 11.9 53.10 51.40 A

119 901 931S 30.1 34.1C 35. 10 D
119 901 931S 31.5 19.10 3.60 D
119 901 931S 3Z.1 46.10 40.10 D

110 901 931S 3Z.5 31. 60 0.70 H
110 901 931S ]l.1 40.00 59.10 H
110 901 931S 3).0 46.20 41.10 H

111 901 931S 33.6 13.90 16.10 A
111 901 931S 34.0 45.40 59.10 A
III 908 931S 34.1 44.70 46.10 A

111 901 938 16.7 30.80 31.40 D
111 908 931S 81. 1 13.90 6.60 D
111 90' 931S 17.7 n.30 35.10 D

113 901 931S 156.6 10.00 11.00 D
113 901 938 157.1 40.80 19.70 D
113 901 931S 157.5 33.90 n.l0 D

124 908 931S 178.1 19.10 13.40 D
114 901 931S 179.5 45.40 14.60 D
114 901 931S 179.1 n.30 19.90 D

115 901 931S 149.3 9.20 15.30 A
115 908 938 149.6 46.10 65.00 A
.n 908 931S 150.1 41.50 .... 10 A

lZ6 908 931S 1Z6.4 15.40 6.60 A
1%6 901 931S 1Z6.5 46.20 n.90 A
lZ6 901 ,SIS 2Z6.1 40.10 48.10 A

127 901 938 U7.6 45.40 46.10 D
117 908 938 UI.2 70. 10 46.10 D
117 ~I 931S U8.5 19.30 32.10 D

111 908 931S 201.0 19.10 1.10 A
111 901 931S 101.1 57.00 :>1.10 A

129 901 9!3 201.5 44. 70 46.10 A

en • Deeceat; S - Steady; A - Arc..; ... W-.-er; H • Ho¥er
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T A8LE n - C:OIltd.

Torque
Time (pet)

Sample Nwnber Aircraft ~umber Fli.ht Number (min) Z Flipt COftdlti_.

130 908 938 191.4 25.40 10 20 A
130 908 938 191. 5 is. 50 19.70 A
130 908 938 191.7 57.80 63.00 A

131 'XIS 932 110.1 ,,6.':0 3.10 A
131 908 938 110.2 ~o. 10 ll.oCl A
131 '108 938 180.4 77.00 80. '0 A

132 908 15C 12.0 19.2S 18.99 D
132 908 15C 12.3 23.87 0.57 D
132 90f 15C 12.5 23.87 25.57 D

133 908 15C 136.0 23. 10 19.72 D
133 906 15C 136.4 20.02 8.77 D
133 908 15C 137.0 39.27 34.33 D

134 906 15C 303.2 10.94 11.26 D
134 908 15C 303.7 ~~.41 10.23 D
134 908 15C 304.1 10.03 27.03 D

135 908 loC lOS. 5 30.03 21.49 D
135 908 16C 101.3 16.94 7.30 D
135 908 16C 115.0 27.72 12.42 D
135 901 16C 119.7 49.28 39.44 D

136 908 17C 69.1 22. 33 11.99 D
136 908 17C 69.4 24.64 6.57 D
136 ;8 17C 69.7 31.57 21.49 D

117 908 17C 75.6 20. 79 11.26 D
137 908 17C 75.9 20.02 9.50 D
137 901 17C 76.3 30.03 37.03 D

138 908 17C 202.4 33.11 34.33 Ii
138 908 17C 202.9 28.49 11.26 D
138 901 17C 203.1 23.17 26.30 D

139 908 538 11.7 24.60 11.00 D
139 908 538 11.1 41.50 31.00 D
139 908 538 19.5 42.40 48.90 D

140 908 98 22.1 12.33 17.53 D
140 908 98 22.9 20.79 15.34 D
140 908 98 22.9 3.85 13." D
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TABLE Ill. TABULATION OF FLIGHT MODES DURING TORQUE SPLITS

Sample Sampl" Sample
NlImb.r Condition NlImber Condition NlImb.r Condition

1 D 63 D lZS D
Z 1, "4 D lZ6 D
3 S 65 D 127 D
4 5 66 14 lZ8 D
5 D 67 S IZ9 D
6 S 6tl D 130 D
7 D 69 D 131 D
8 A 70 D 13Z D
9 D 71 S 133 D

10 D 7Z D 134 D
11 D 73 D 135 D
lZ A 74 D 136 D
13 D 75 S 137 D
14 D 76 S 138 D
15 A 77 S 139 D
16 A 78 D 140 D
17 D 79 D 1~1 D
18 A 80 D 14Z D
19 D 81 D 143 S
ZO H 8Z D Iff A
ZI S U D 145 S
U S Sf D 146 D
Z3 A 85 D 147 D
Z4 S 86 D 148 D
Z5 D 87 D 149 D
Z6 A 88 D 150 D
Z7 D 89 D 151 D
Z8 A 90 D 15Z S
Z9 D 91 D 153 D
30 A 9Z D 154 D
31 D 93 D 155 A
3Z 5 94 D 156 D
33 D 95 r) 157 D
34 A ~ D 158 S
3S D 97 D 159 S
36 D 98 D 160 S
37 A 99 D 161 5
38 S 100 D 16Z A
39 S 10J D 163 D
40 A 10Z D 164 S
4J D 103 D 165 S
40: A 104 D 166 D
43 A 105 D 167 D
ff A 106 D 168 D
45 5 107 D 169 D
46 5 108 D 170 D
47 5 109 D 171 D
48 5 110 D 17Z A
49 D 111 D 173 5
50 A liZ D 174 5
51 D 113 D 175 D
5Z 5 114 D ~76 H
53 M 115 D 177 D
54 5 116 D 178 D
55 S 117 D 179 A
56 D 118 D 180 D
57 D 119 D 181 D
51 D lZ0 D 18Z D
59 D 121 D 133 A
60 S III D 184 D
61 A lZ3 D 185 A
6Z A lZ4 D 186 A

" . n..c.nt; S • Steady; A • A.c.nt; M - M........r; H - Hov.r
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The Army is concerned with the problem of unequal load sharing by the eDflines in
its multiengine helicopters. Findings of an engine load-sharing study conducted on
the CH-S.fA Skycrane helicopter in 1965 led to a similar study on the CH-.f7A
Chinook helicopter.

Airspeed, altitude, engine gas producer rpm, engine torque, exhaust gas tempera-
ture, main rotor rpm, and outside air temperature were recorded during various
flight conditions. The gross weight at takeoff and landing and the barometric
pressures were also recorded as supplemental data. The data are presented in a
series of histograms and tables 3howing the variations in engine load sharing as a
function of tht' other aircraft parameters.

It was found that for the CH-.f7A Chinook, the relative frequency of occurrence of
torque .plit. greater than ZO percent i. Ie•• than one-half that for the CH-S.fA
Skycrane.
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