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SWORD

This appendix presents selected detailed test data accumulated dur-
ing the arctic phase of the Category II Climatic Tests, conducted from
5 January to 26 February 1971. Test resuits, conclusions and recormenda-
tions are presented in the basic report: Catesgry-II Axctic Tests O_4Lk
•H-•53C Helicopter;, FTC-TR-71-12, April 1971. v~- -

Test authority for the program was AFSc o\\Ject 482A, AFFTC Project
Directive No. 71-24.

Foreign announcement and dissemination by i•he defense documentation
center are not authorized because of technology ýestrictions of the U.S.

Export Control Acts as implemented by AFR 400-10.
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list of abbreviations

Item Definition Units

AFCS automatic flight control system - -

AGE aerospace ground equipment

APP auxiliary power plant - - -

ASD Aeronautical Systems Division - - -

C.A. chrorael alumel (type of thermocouple) - - -

CTR, CiN instrumentation sweep counter number - - -

dig digital (type of instrumentation system)

D/P differential pressure lb per sq in.

EAPS engine air particle separatbr - - -

EGT exhaust gas temperature deg C

FOD foreign object damage - - -

GET General Electric Company test parameter - - -

I.C. iron constantin (type of thermocouple) - - -

IGB intermediate gearbox - - -

LH left hand - - -

Nr power turbine speed pct rom

Ng gas generator speed pct rpm

NGB nose gearbox

Nr rotor speed pct rpm

OAT outside air temperature deg C

PA pressure altitude ft

psid pounds per square inch, differential - - -

pressure

psig pounds per square inch, gauge pressure

press. pressure lb per sq in.

RH right hand

T5  turbine inlet temperature deg C
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TEST SYNOPSIS AND DATA

GENERAL

The arctic test phase consisted of 21 tests: fourteen test flights

(29.6 test flight hours); five aborted test flights; and two ground tests.

Data available from these tests are as follows:

Run No. 1 to 3 4 5 6 7 8 to 13 14 to 21

Digital Data Yes No Y*4s No Yes No Yes

Photorecorder Data Yes Yes Yes Yes Yes Yes Yes

A sum•mary of all the tests is presented in table I. Five test runs were
selected as yielding the best data. These were runs 2, 3, 4, 7, and 21.
Data from these selected tests are presented in this appendix. Portions
of the data have been deleted when it was evident that errors existed
because of instrumentation malfunction. It should be noted that the instru-
mentation system functioned with difficulty when operating below 0 degrees
F, consequently, the data are deficient in one or more of the following
areas:

1. They may not include initial start data.

2. When they do include initial start data, not all temperatures are
truly representative. Aircraft corponent temperatures were inad-
vertently raised by heat that had to be applied to the instrumenta-
tion system to permit it to operate.

3. Digital data are not available for all of the tests. The digital
recording system was not operated for some of the tests to avoid
any chance of applied heat having an adverse affect on test results.
As a compromise, in this case, the photorecorder was operated alone
because it could be operated with little or no applied heat.

AIRCRAFT INSTRUMENTATION

The aircraft instrumentation, consisted of a low speed digital tape
recording system and a photorecorder mounted on a test table. All of
these were connected to the aircraft test instramentation wiring in the
aircraft. The Air Force furnished the instrumentation systems and the
contractor (Sikorsky Aircraft Corporation) instrumented the aircraft
(reference 1). The photorecorder was capable of recording much faster
than the digital tape recording system and therefore was particularly
useful for recording data during APP and engine starts. Excluding the
reference and time parameters, there were approximately 195 parameters
recorded on the digital tape recording system.

The aircraft test instrumentation was normally operated for each
test mission from preflight to after engine shutdown.

The digital Lape system. was capable of recording a complete sweep
of all parameters in approximately 20 seconds. The parameter sweep and
the interval between sweeps could be varied.II

n- .... r7



The photorecorder camera was capable of operating at a maximum speed
of four frames per second to record rapid transients. The camera control
could be slaved to the digital system so that a frame of photorecorder data
would be recorded for each digital sweep.

Data reduction of the information recorded on the digital tape was
accomplished by utilizing computer processing, resulting in data printed
in tabular format. The computer processing system also provided the capa-
bility of selected data printout in graphical format. The selected photo-
recorder data were reduced by hand and are presented in tabular form.

GROUND STATION INSTRUMENTATION

The following ground station instrumentation was used:

Arctic test ambient air temperature - A continuous reading
recorder was used to record the ambient air temperature
near the aircraft. Recordings were taken 24 hours a day.

Data playback unit (quick look data printer) - This data
playback unit was used for all test phases. It was capable
of providing printed tabular "raw" data from the aircraft
digital instrumentation recorder tape. The raw data had to
be manually converted to real data. It was used to obtain
information for trouble shooting the aircraft digital
instrumentation system or to monitor suspected problem
areas in the aircraft systems.

PARAMETER LISTING

The aircraft test parameters are listed as follows:

Table II - Photo Recorder

Table III - Digital Magnetic Tape Recording System

HOW TO USE THE TABULATED DIGITAL DATA

Following are the reduced, edited, and tabulated digital data from
the Arctic tests. Each of the tests was selected for the most representa-
tive climatic data or to document specific subsystem tests. In the tabu-
lated data that follow, the individual digital test parameters (temperature,
pressure, rpm, etc.) are designated by three numbers (such as 1-01) and
the abbreviated name of the parameter (see table III for names). The first
number from I to 8 of the three-number designation is the switch box number.
Generally, boxes one and two contain pressure, flow, rpm, and engine power
parameters, while boxes three through eight contain temperature parameters.
The second two numbers in the designation (01 to 29) give the step position
within the box.

Elapsed time is given in minutes and seconds (hours for soak data).
The first column of numbers on each page is entitled SWEEP COUNT. This
column lists the number of times that the test parameters have been sampled
at any particular time. The numbers in the column are referred to as counter
numbers (C/N). The counter numbers are cumulative and are used to identify
events and to correlate data with events. The correlation of the data
trends throuqhout each test is mada by referring to the applicable event
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sheet for the tabulated data for each flight, noting the counter number
at which an event took place, and then referring to the data at that counter
number. The elapsed time between counter numbers is normally about 20
seconds, but could be varied by the operator.

Unless otherwise noted, an asterisk indicates that a data point has
been removed because of defective instrumentation or other causes resulting
in erroneous data.

T*teI
SUMMARY OF ARCTIC TESTS

5aaX Soak Tmp•erateut•e
liate Time (clg F) Yl ight

q 1 7 jari 22 -30 -20 -58 •lorted 0.0 40difi• 11teraw , qear býX in-
stalled priol to this te•t. Ground
abort duo to. utility hydraulic
systel reservoir leak.

2 9 dan lV -40 -40 -49 AirerweW fsiliarization I.. Original utility hydraulic s"t..e
and aircraft ground reservoir ritpaired, cneck-l ndr
and flight chtck. rintalled prior to this test.

None 10 Jan 19 -40 -39 -44 Alcrte.d 0.4 GrOUr.d short duhe to APP/heater fir-
extinguis~her bttlu presýýte leak.

3 1.5 Jan 35 -40 -35 -49 Static teomertstusr cur- 1.1 Modified APP start vaoVe ijotalled
vey, s••ulated eaer- prior to this test.
qeacy flight without
eater anýd systies

eva listion.

4 16 Jan 1. -10 -6 -51 Aortud 0.0 Ground axort du to APP clutch
shaft failure.

5 19 Jan 2 -as -38 -39 Short !Old noak effects, 1.7 liae-; s.ut. APP clitcA , ir.zalcde
K nsvigation/cc nuoie- prTior to r-st.
tios teat, machmetar/
cruise test, and rescue
procedures test.

6 20 Jan 1i -6 -3r, -43 Heavy robe ewalustiso, i.5 - - -

7 21 Jan 1i -42 -10 -55 Rescue./hover tests, 1.-
CoPp.-r tee IS, MC.-
Vieter .cui~t tests
and aititudefterpera-
ture 5urvey.

a 22 Jan 19 -35 -32 -42 Ab. tted 2.0 - - -

9 23 Jai, 1 -50 -42 -64 Reoscu tests asd 0.0 Groun
1 

abort due to 2-d stac-
System evaluation, hydraulic coupliag l-ok.

10 24 Jan 19 -55 -44 -60 Recue tests asd IL- Pm 1.3 -

redio te•"•.

Ii 27 Jan 1 -45 -44 -47 Short cold soak .'ffccs 0,7 - - -

"asid CAPS teats over

12 28 Jan 17 -50 -45 -56 Cargo/troop resupply 1.4
profile.

13 29 Jan 15 -50 -50 -55 APi gi.-.aI L06L ."

JA 4 Feb 14 -25 -16 -34 Rescue hoist tests and 1.4 Utility reservoir replaced pzicr
and load hailer tests. to this test.

15 14 'eb 11 -30 -27 -37 Aborted 1-0 Modified APP speed monitor switch
lustalleI prior to this tcst.

Ground aburt due t• orltuscrics
of APP str : vrt val-,• v od heater
cosbusticn blower z-.

i6 F6 feb 6 -JO -14 -24 Engine ground run sur- 2.7 - - -

vey, gun firing, Mach
Peter cyuire. engine

power clib, and auto-
rotatinn.

17 17 reb 20 -10 -5 -14 Tethered hover oertor- 1.7
mance and cargo hook
tests.



sp~eod/hiqh spe~ed, high placed prior to t-his t•at.altita er. se, engine Steel primary flight -l Tssht-h AwIszestIrt lsL trtl servos ihinalle-

t~ion tests.8
0 e 23 Feb 20 -21 -19 -22 eun riaing tests, low 4.4 R

atspeed/high speed

ahctdamn/raatert hover ero isale
paflight zengw toppin,protohitc.

and naating gear
emergecy extension

tintests.

20 25 Feb 12 -40 -34 -44 Systms f roung test, N/A

Altitue/hig speedmntr

steel ri r, t, utility
erservoir. aexd heats
surveye

reo an htr

* survey



Table II

PARAMETERS RECORDED ON THE PHOTO RECORDER

(Position numbers as read from left to right
in rows from top to bottom of panel.)

Position Sikorsky

No. Parameter Measured Item No.

la AFCS pitch light1  155

lb AFCS roll light 1  156

Ic AFCS yaw lightl 157

la,b,c 2nd stage hydraulic system pump inlet temperature, 39
CC4

2 ac frequency, Hz 106

2 Load cell, lbs 2  X

3a Winch pump press., in; needle 1, psig 112

3a Winch pump servo control inlet hydraulic press.,
psig6

3b Winch pump press. out, needle 2, psig 113

4 Rate of climb, fpm 3

5 Indicated altitude, ft 2

6 No. 2 EAPS press. differential, psi 3  X

6 Accessory gearbox rpm, pct 8

6 Sensitive main rotor rpm, pct 3  19

7a APP fuel press., needle L, psig 29

7b No. 1 engine fuel control d4scharge press., 108
needle R, psig

8 No. 1 engine fuel flow, lb/hr 10

8 No. I engine total fuel, gals used4

9a APP oil temp gauge, No. 1 28

9b APP fuel temp gauge, No. 2 30

9a,9b 2nd stage hydraulic system pump, outlet temp, 0C4 40

l0a No. 1 engine start motor inlet press, needle 1, 118
psig

10b APP start motor inlet press., needle 2, psig 120

11 Free air temp, OC 4

12 Indicated airspeed, kt 1

13 LH throttle pos, pct travel 20

13 Lateral acceleration, g 3  X

13 No. 1 engine fuel temp, °C 4  X

14a No. 1 engine start motor outlet press., needle 1, 119
psig

i4b APP start motor outlet press., needle R, p1ig21

15 No. 2 engine fuel flow, lb/hr 15



Table II (Continued)

Position Sikorsky
No. Parameter Measured Item No.

15 No. 2 engine total fuel, gals used 4  X
16 APP ZGT, -C 152

17 Clock 5

18 Camera lens X

19 No. 1 engine rpm, (Ng), pct 9

20 RH throttle pos, pot travel 21

20 No. 2 engine fuel temp, OC4  X

21a APP oil press. needle L, psig 27

21b Not used X

22a No. 1 engine ignition light (top) 150

22b APP starter-on light (bottom) 22

23 No. 1 engine-turbine inlet temp (TIT) (T 5 ), 'C 13

24 Digital sweep counter, (dig. coord), CN X

25 Digital time counter, (dig. coord), sec X

26 No. 2 engine rpm (N 9), pct 14
27a No. 1 engine power turbine rpm (Nf), needle 1, 12

triple tach, pct

27b No. 2 engine power turbine rpm (Nf), needle 2, 17
pct

27c Main rotor rpm (Nr), needle R, pot 5  19

28 No. 1 engine torque, pot 11

29a Ice detector (rate on event light) 23

29b Anti-ice No. 1 engine light 24

30 No. 2 engine turbine inlet tenip, (T5 ), C 18

31 dc bus voltage 107

32 Camera frame counter X

33 APP rpm, pot 7

34a Event light 6

34b Anti-ice No. 2 engine light 24

34c AFCS attitude light 158

35 No. 2 engine torque, pet 16

iDisconnected 10 September 1971.
2 Fekruary 1971 (Arctic test 14) and late.:,
3 21 March 1971 (icing test 1) to 24 May 1971.
410 September 1971 and later.
5Disconnected for Arctic tests 11 through 21 (27 January - 25 February

1971); position six used in its place during this time.
"Repiaces original from 12 Maxch through 3 August 1970 (climatic laboratnry
tests 1 through 29).

AW" -



Table III

PARAMETERS RECORDED ON THE DIGITAL
MAGNETIC TAPB RECORDING SYSTEM

Switch Box Sikorsky
Pos. No. Parameter Measured Item No.

Switch Box No. 1 (Pressures)

/ 1-01 Sweep counter No. X

1-02 Tile (min) X
1-03 Time (sec) X

1-04 Free air temp, OC1 4
1-05 No. 1 engine gas generator rpm, (Ng), pct 9

1-06 No. 1 engine fuel flow, lb/hr 6r gal/hr 2  10
1-07 No. 1 engine torque, pct 11

1-08 No. 1 engine power turbine speed, (Nf), pet 12
1-09 No. I engine turbine temp (T5 ), OC 13

1-10 No. 2 engine gas generator rpm, (Ng), pct 14

I-ii No. 2 engine fuel flow, lb/hr or gal/hr 2  15
1-12 No. 2 engine torque, pct 16

1-13 No. 2 engine power turbine speed, (Nf), pct 17
1-14 No. 2 engine turbine inlet temperature, (T5), 18

0C

1-15 Main rotor rpm, pct 19

1-16 OPEN X
1-17 LH throttle position, pct travel 20

1-18 RH throttle position, pct travel 21
1-19 No. I engine oil pump outlet press., psig 58

1-20 No. 1 engine scavenge pump out outlet press., 59
psig

1-21 No. 1 engine fuel boost pump outlet press., 61
(before A/C fuel filter), psig

1-22 No. I engine nose gearbox oil press., psig 66

1-23 Accessory gearbox oil press., psig 69
1-24 Main gearbox oil press., psig 71

1-25 No. I engine bleed air press., psig 110

1-26 No. 1 engine iuel pump inlet press., psig 64

1-27 Voltage reference X

1-2 E OPEN X

1-29 OPEN X

A7
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Table III (Contimued)

Switch BOX Sikorsky

Poe No. 1far**ier Mega-ured Item No.

Switch Box No. 2 (Pressures)

2-01 Sweep counter No. X

2-02 Time (mint) x

2-03 Time (sec) X

2-04 OPEN x
2-05 1st stage hydraulic pump inlet press., pig 31

2-06 let stage hydraulic pump outlet press., psig 32

2-07 lst stage hydraulic press. at aft servo 35
cylinder, psig

2-08 2nd stage hydraulic pump inlet press., psig 37

2-09 2nd stage .hydraulic pump outlet press., p±9g 38

2-10 2nd stage hydraulic press. at aft servo 41
cylinder, psig

2-11 2nd stage AFCS No. I hydraulic press. (pitch/ 43
roll), psig

2-12 2nd stage AFCS No. 1 hydraulic press. (collec- 44
tive/yaw), psig

2-13 Utility AFCS No. 2 hydraulic press. (pitch/ 45
roll), psig

2-14 Utility hydraulic pump inlet press., psig 47

2-15 Utility hydraulic pump outlet press., psig 48

2-16 ist stage hydraulic system rotary rudder 51
servo hydraulic inlet press., psig

2-17 Utility hydraulic system rotary rudder servo 53
hydraulic inlet press., psig

2-18 No. 1 main wheel brake return hydraulic press., 111
psig

2-19 Heater output airflow (D/P No. 1), psid 78a

2-20 Heater output airflow (D/P No. 2), paid 78,

2-21 Heater output airflow (D/P No. 3), psid 78c

2-22 Heater output airflow (D/P No. 4), paid 78d

2-23 Heater output airflow (D/P No. 5), paid 78e

2-24 Heater output airflow (D/P No. 6), psid 78f

2-25 Heater output airflow (D/P No. 7), psid 78g

2-26 Heater output airflow (D/P No. 8), paid 78h

2-27 OPEN X

2-28 OPEN x
2-29 OPEN X

777 .



--1abh3e III (Continued)
Switch Box. Sikorsky
Pos. No. Parameter Measured Item No.

Switch Box N6. 3 (Temperatures) (I.C.)

3-01 Sweep counter No. X
3-02 Time (min) X
3-03 Time (seec) X

3-04 Tamp reference X
3-05 Air temp into heater, OC or F 76

3-06 Heater air temp out of plenum chamber, OC or F 77
3-07 Heater main distribution duct air temp - left 79

side forward, OC or F 79
3-08 Heater main distribution duct air temp - right 80

side forward, *C or F
3-09 Heater distribution duct overhead outlet air 81

temp" - cockpit left side, OC or F
3-10 Heater distribution duct overhead outlet air 82

temp - cockpit right side, OC or F
3-11 Heater distribution duct outlet air temp sta- 83

tion 460-470-right side, OC or F
3-12 Distribution duct outlet air temp station 84

460-470-left side, 1C or F
3-13 Pilot head-level air temp, OC or F 85
3-14 Pilot waist level air temp, OC or F 86
3-15 Pilot foct-level air tamp, OC or F 87
3-16 Pilot floor mass temp, 0C or F 88
3-17 Copilot head-level air temp, OC or F 89
3-18 Copilot waist-level air temp, oC or F 90

3-19 Copilot, foot-level air temp, OC or F 91
3-20 Copilot floor mass temp, *C or F 92
3-21 Cargo area, forward - head-level air temp, 93

0 C or F
3-22 Cargo area, forward - waist-level air temp, 94

OC or F
3-23 Cargo area, forward - foot-level air temp, 95

OC or F
3-24 Cargo area, forward - floor mass temp, QC 96

or F
3-25 Cargo area, aft - head-level air temp, OC 97

or F
3-26 Cargo area, aft - waist-level air temp, 9C 98

or F
3-27 Cargo area, aft - foot-level air temp, 'C 99

or F
3-28 Caxgo area, aft floor mass temp, OC or F 100

3-29 OPEN X
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Switch Box
- P ,o s . N o . . .. .. . . S i k o r s k y

Switch Box No. 4 (T'emperatures) ax.C).
4-01 Sweep Counter No. 

X4-02 Time (mrin 
X

4-03 Time (sec) X
4-04 Temp reference 

X4-05 Copilot windshiela inside surface lower center 101-1
Temp No. 1, 'C or OF

4-06 Copilot windshield inside surface upper AH No. 2, 101-2"C or OC0
4-07 Center panel windshield inside surface lower 102-1"canter temp No. 1, OC or Or
4-08 Center paheI windshield inside surface upper 102-2center temp No. 2, OC or OF4-09 1st stage hydraulic pump inlet temp, OC or OF 334-10 ist stage hydraulic pump outlet temp, CC or OF 344-11 lst stage hydraulic temp at inlet servo cylinder 36

(aft servo), OC or CF
4-12 2nd stage hydraulic pump inlet temp, *C or OF 394-13 2nd stage hydraulic pump outlet temp, *C or "F3  404-14 2nd stage hydraulic temp at inlet servo cylinder 42(aft servo), OC or OF
4-15 2nd stage hydraulic system AFCS No. I hydraulic 46

temp (collective/yaw channel), 'C or OF4-16 2nd stage hydraulic systeuý AFCS No. I hydraulic 160
temp (pitch/roll channel), 'C or OF4-17 Utility hydraulic pump inlet hydraulic temp, 49
OC or OF

4-18 Utility hydraulic pump outlet hydraulic temp, 50
'C or OF

4-19 Utility hydraulic system AFCS No. 2 (pitch/roll 161channel) hydraulic temp, OC or OF4-20 1st stage hydraulic system rotary rudder servo 52
hydraulic inlet temp, OC or OF4-21 Utility hydzaulic system rotary rudder servo 54
hydraulic inlet, *C or oF4-22 Winch pump inle.'- hydraulic temp, 'C or OF 114

Winch pump servo control inlet hydraulic temp, 114'C or F4

4-23 Winch pump outlet hydraulic teamp, C or OF 1154-24 Utility hydraulic system heat exchanger inlet 116
hydraulic temp, 'C or 'F

is
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Tablei III (Contintued)

Switch Dox Sikorsky
Poe. No. Paramter Measured Item No.

Switch Box No. 4 (Temperatures) (I.C.) (Concluded)

4-25 utility hydraulic systoo heat exchanger outlet 117
hydraulic tamp, OC or OF

4-26. APP and heater fire extinguisher bottle mass X
temp, OCS

4-27 OPEN X
4-28 OPEN X

4-29 OPEN X

Switch Box No. 5 (Temperatures) (I.C.)

5-01 Sweep Counter No. X

5-02 Time (min)
5-03 Time (Sec) X

5-04 Temp reference X
5-05 No. 1 engine oil tank oil temp (1/3 level), °C 55

5-06 No. 1 engine oil cooler inlet oil tamp, OC 56

5-07 No. 1 engine oil cooler outlet oil tamp, OC 57
5-08 No. 1 engine fuel pump inlet fuel tamp, OC or 63

OF

5-09 No. 1 engine nose gearbox oil cooler outlet 68
oil temp, 'C

5-10 No. 1 engine nose gearbox oil cooler inlet 67
oil temp, OC

5-11 No. 2 engine nose gearbox oil cooler outlet 127
oil temp, 6C

5-12 No. 2 engine nose gearbox oil cooler inlet oil 126
temp, *C

5-13 No. 2 engine oil cooler oil inlet oil temp, 128
oC

5-14 No. 2 engine oil cooler oil outlet oil temp, 129
oC

5-15 Accessory gearbox-oil temp, 'C 70

5-16 Main gearbox oil cooler inlet oil temp, OC 72
5-17 Main gearbox oil cooler outlet oil temp, 'C 73

5-18 Intermediate gearbox oil temp, OC 74

5-19 Tail gearbox oil tamp, *C 75

5-20 No. 1 generator mars tempe, C or OF 105-1

5-21 Fuel temp to combustion heater, OC or OF 65

:• •L,:: • ,_•-" "I "-i" " T ...... '-.'," ,-• " •'-•' ... ... ::".:..... ..
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Table .111. (Continued)

Switch Box Sikorsky r
Pon. No. Parameter Measured Item NO.

Switch Box No. 5 (Temperatures) (X.CX.) (Concluded)

5-22 Left aide electronic compartment top shelf 103-1
center air temp No. 1, OC or OF

5-23 Left side electronic compartment bottom shelf 103-2
aft (right) air temp No. 2, OC or OF

5-24 Left side electronic compartment bottom shelf 103-3
forward (left) air temp No. 3, 1C or OF

5-25 Right side electronic compartment aft (left) 103-4
air temp No. 4, °C or OF

5-26 Right side electronic compartment center air 103-5
temp No. 5, OC or 6F

5-27 Right side electronic compartment forward 103-6
(right) ar temp No. 6, 0C or OF

5-38 Left main fuel cell fuel temp (1/3 level), 'C 60
or 0F

"5-29 No. 2 generator mass temp, OC or OF 105-2

Switch Box No. 6 (Temperatures) (I.C.)

6-01 Sweep Counter No. X
6-02 Time (min) X
6-03 Time (sec) X
6-04 Temp reference X
6-05 (GET-5) No. 1 engine fuel control discharge 166

temp, OC or OF
6-06 (GET-30) No. 2 engine fuel control discharge 191

temp, 'C or OF6
6-07 No. 1 engine fuel boost pump outlet fuel temp, 62

°C or OF
6-08 No. 1 engine bleed air tamp, WC or OF 109

6-09 No. 1 engine Lord isolator mount temp - aft 124
inboard, OC or OF

6-10 No. 1 engine Lord isolator mount temp - aft 125
outboard, 'C or 'F

6-11 No. 2 engine Lord isolator mount temp - aft 132
inboard, 'C or OF

6-12 No. 2 engine Lord isolator mount temp - aft 133
outboard, 'C or 'F

6-13 No. 1 engine inlet lip surface temp No. 1 25-1
(12 o'clock position), OC or OF

6-14 No. 1 engine inlet lip surface temp No. 2 25-2
(1 o'clock position), OC or OF

S. . -"•.•%;•.. .. • . . . . .. • • -''•'' .*- .• . - . . . - - •. • •. . .. " •.12, .. . . . . . . .. . .



Table III (Continued)

Switch Box Sikorsky
Pos. No. Parameter Measured Item No.

Switch Box No. 6 (Temperatures) (I.C.) (Concluded)
6-15 No. 1 engine inlet lip surface temp No. 3 25-3

(2 o'clock position), *C or OF

6-16 No. 1 engine inlet lip surface temp Nc. 4 25-4
(2z4S o'clock position), OC or OF

6-17 No. 1 engine inlet lip surface temp No. 5 25-5
(3:15 o'clock position), OC or OF

6-1S No. 1 engine inlet lip surface temp No. 6 25-6
(4 o'clock position), OC or OF

6-19 No. 1 engine inlet lip surface temp No. 7 25-7
(5 o'clock position), OC or OF

6-20 No. I engine inlet lip surface temp No. 8 25-8
(6 6'clock position), OC or OF

6-21 No. 1 engine compartment air temp No. 1 upper 104-1
forward, OC or OF

6-22 No. 2 engine compartment air temp No. 2 lower 104-2
forward, OC or OF

6-23 No. 1 engine compartment air temp No. 3 upper 104-3
aft, OC or OF

6-24 No. 1 engine compartment air temp No. 4 lower 104-4
aft, 0C or OF

6-25 No. 1 engine accessory gearbox mass temp at 122
starter, CC or 'F

6-26 No. 1 engine accessory gearbox mass temp at 123
front frame, 0C or CF

6-27 No. 2 engirie accessory gearbox mass temp at 130
starter, "C or OF

6-28 No. 2 enqine accessory gearbox miss temp at 131
front frame, CC or CF

6-29 OPEN X

Switch Box No. 7 (Temperatures) (C.A.) (No. 1 Engine)

7-01 Sweep Counter No. X

7-02 Time (min) X

7-03 Time (sec) X

7-04 OPEN X

7-05 (GET-l) exciter mount temp, OC 162

7-06 (GET-2) exciter skin inboard temp, 'C 163
7-07 (GET-3) exciter skin outboard temp, *C 164

7-08 (GET-4) fuel control case temp, 0C 165

17



Table-III (Continued)

Switch Box Sikorsky

Pos. No. Parameter Measured item No.

Switch Box No. 7 (Temperatures) fC.A.) (No. 1 .,ig:e) (Continued)

4 7-09 (GET-6)t lube pump case temp, 1CC 167
(GET-6) lube pump inlet oil tampp OC 16.7

7-10 (GET-7) ftel pUmp case tamp, *C 168
7-11 (GET-8) compressor 2nd stage case temp (4:30 169

.o'clock position), *C

7-12 (GET-9) compressor 3rd stage case temp (3 170
o'clock position), OC

7-13 (GET-10 compressor 3rd stage case temp (4:30 171
o'clock position), OC

(GET-10) scavenge pump outlet oil temp, *C7  171
7-14 (GET-11) compressor 3rd stage case temp (6 172

o'clock position) , IC

7-15 (GET-12) compressor 4th stage case temp (3 173
o'clock position), OC

7-16 (GET-13) compressor 4th stage case temp (4:30 174
o'clock position), OC

7-17 (GET-14) compressor 4th stage case temp (t 175
o'clock position), 'C

7-18 (GET-15) compressor 4th stage case temp (9 176
o'clock position), *C

(GET-15) engine/nose gearbox oil cooler inlet 176
air temp, OCS

7-19 (GET-16) compressor 5th stage case temp (3 177
o'clock position), IC

7-20 (GET-17) compressor 5th stage case temp (4:30 178
o'clock position), OC

7-21 (GET-18) compressor 5th stage case temp (6 179
o'clock position), OC

7-22 (GET-19) gas generator turbine case temp (4 180
o'clock position), *C

(GET-19) engine/nose gearbox oil cooler outlet 180
air temp, CC or 'F8

7-23 (GET-20) gas generator turbine case temp forward 181
of aft flange (8 o'clock position), 'C

(GET-20) engine oil cooler inlet oil temp, CC7  181

7-24 (GET-21) gas generator turbine case temp forward 182
of aft flange (12 o'cloca position), OC

7-25 (GET-22) power turbine case temp forward of aft 183
flmige (4 o'clock position), *C

14



Table IIX (Continued)

Switch Box Sikorsky
Pos. No. Parameter Measured Item No.

Switch Box No. 7 (Temperatures) (C.A.) (No.1I Engine) (Concluded)

7-26 (GET-23) power turbine case temp forward of aft 184
flange (a o'clock position), 0C

(GET-23) engine oil cooler outlet oil temp, °C7  184

7-27 (GET-24) power turbine case temp forward of aft 185flange (12 o'clock position), OC

7-28 (GET-25) TS harness temp underside of junction 186
box

7 -29 OPEN X

Switch Box No. 8 (Temperatures) (C.A.) (No. 2 Engine)

8-01 Sweep Counter No. X

S--02 Time (min) X

8-03 Time (sec) X

8-04 OPEN X

8-05 (GET-26) ignition exciter mount temp, 0C 187

(GET-27) ignition exciter skin inboard temp, OC* 188

(GET-26) OPEN9 187

8-06 (GET-27) ignition exciter skin inboard temp, OC 188

(GET-26) ignition exciter mount temp, oC2  188

(GET-27) OPEN9  188

8-07 (GET-27) ignition exciter skin outboard temp, 189"CC

(GET-28) lube pump inlet oil temp, OC7  189

(GET-28) OPEN9  189

8-08 (GET-29) fuel control case temp, -OC 190

(GET-29) OPEN9  190

8-09 (GET-31) lube pump case temp. *C 192

(GET-31) scavenge pump outlet oil temp, C3  192

(GET-31) OPEN9  192

8-10 (GET-32) fuel pump case temp, 0C 193

(GET-32) OPEN9  193

8-11 (GET-33) compressor 2nd stage case temp (4:30 194
o'clock position), °C

(GET-33) OPEN9  194

8-12 (GET-34) compressor 3rd stage case temp (3 195
o'clock position), -C

(GET-34) OPEN9  195

*8-05 and 8-06 reversed December 1969 to 7 September 1970.
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Table;U- IX Continued)

switch Box Sikorsky
Pea. No,, Paat ~s 4item NO.

Switch Box No. 8 (Temperatures) (C.A.) (No. 1 Engine) (Continued)

8-13 (GEW-35) compressor 3rd stage case temp (4:30 196
"o'clock position), *C

(GET -35) OPENO 196

8--14 (GET-36) compressor 3rd stage case (6 o'clock 197

(GET-36) OPEN$ 197

8-15 (GET-37) compressor 4th stage case (3 o'clock 198
position) , OC

(GET-37) OPEN9  198

8-16 (GET-38) compressor 4th stage case temp (4:30 199
o'clock position), 0C

(GET-38) OPEN9  199

8-17 (GET-39) compressor 4th stage case temp (6 200
o'clock position), 'C

(GET-39) OPEN9  200

8-18 (GET-40) compressor 4th stage case temp (9 201
o'clock position), *C

(GET-40) OPEN 9  201
8-19 (GET-41) compressor 5th stage case temp (3 202

o'clock position), OC

(GET-41) OPEN 9  202

8-20 (GET-42) compressor 5th stage case temp (4:30 203
o'clock position), OC

(GET-42) OPEN9  203

8-21 (GET-43) compressor 5th stage case temp (¶ 204
o'clock position), OC

(GET-43) OPEN9  204

8-22 (GET-44) gas generator turbine case temp forward 205
of aft flange, (4 o'clock position), OC

(GET-44) OPEN9  205

8-23 (GET-45) gas generator turbine case temp forward 206
of aft flange (8 o'clock position), OC

(GET-45) engije/nose gearbox oil cooler inlet 206
air temp, oC

8-24 (GET-46) gas generator turbine case temp forward 207
of aft flange (12 o'clock position), OC

(GET-46) engine/nose gearbox oil cooler outlet 207
air temp, *C8  0

V.'



Table III (Concluded) f

Switch Box Sikorsky
Pos. No. Parameter -Measured Item No.

Switch Box No. 8 (Temperatures) (C.A.) (Engine No. 1) (Concluded)
8-25 (GET-47) power turbine case temp forward of aft 208

flange (4 u'clock position), IC

(GET-47) engine oil cooler inlet oil temp, ,C7 208

(GET-47) OPEN5  208

8-26 (GET-48) power turbine case temp forward of aft 209
flange (8 o'clock position), OC

(GET-48) OPEN9  209
S8-27 (GET-49) power turbine case temp forward of aft 210

flange (12 o'clock position), C
(GET-49) engine oil cooler outlet oil temp, CC7 210

(GET-49) OPEN 9  210
4 B-28 (GET-50) T5 harness temp, underside of junction 21.1
Abox (9 o'clock position), -C

"�t (GET-SO) OPEN 9  211
•-8-2 9 OPEN X

eConnected 7 September 1970 (end of climatic laboratory tests).
2 Connected 1 July 1970 (run 22, climatic laboratory tests).

3Recorded on photopanel (positions 1 and 9) as of 10 September 1971.

R4 Replaces original from 25 March through 3 August 1970 (climatic
laboratory tests 6 through 29).

5 Installed 4 February 1971 (arctic test 14).
6 Used from 27 February through 1 October 1970 (climatic laboratory tests).

7Replaces original from 1 July through 7 September 1970 (climatic labora-
tory tests 22 to end of climatic laboratory test).

8 Changed 1 July 1970 (climatic laboratory run 22).

9parameters not connected from 7 September 1970 to 24 May 1971.
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A I TASN SVYNOPSESf" EVENT SHEETS,
AKI DATA

IN 2. -fC/-41OF, IS JANUA-RY 1M1

Test synopsis:

Soak time: 17 hours at -40 to -444C
Start temperature: -410C

Inflight temperature: -20 to -32"C
Instrumentation: full, valid data obtained

Heat application: 1 hour heating of instrument3tion; this resulted
in unwanted heating of some aircraft components.

This was the first completed test; run 1 was aborted due to leakage
from the utility hydraulic system reservoir. Run 2 was a good baseline
test for the arctic test phase.

The instrumentation system would not operate in t1-e extreme cold,
and it had to be heated to permit operation. This resulted in unwanted
heating of some aircraft components (reference initial start temperatures,
particularly in box 3 - that is, parameter numbers starting with 3, such
as 3-05). Because of this problem, as mentioned in the Test Synopsis
and Data section of this report, use of the instrumentation had to be
limited in the following tests to obtain valid data.

Both start accumulators were used for APP starts witi 3,000-psi
charge pressure.

Pertinent information.

Engine No. I has -13 fuel control and EAPS installed.

Engine No. 2 has -13 fuel control and no EAPS.
Engine No. 2 is a replacement engine, newly overhauled with 231
hours total time at overhal. Any comparison with the climatic
laboratory test (with original engines) should take this into
account.

Defective test parameters not preeented (unless indicated otherwise).

1-13 - Engine No. 2 power turbine speed,

3-22 - Cargo area forward waist-leVal air temperature (erratic,
but average temperature shown is gocd; data are presented).
4-13 - Second stage Pydraulic piup outlet temperature.

7-12 - Engine No. 1 compressor case temperature, 3rd stage,
3 o'clock position.
7-19 - Engine No. 1 compressor c.ise t;emperature, 5th stage,
3 o'clock position.
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7-20 - Engine No. I compressor case temperature, 5th stage,
4:30 o'clock position

7-22 - Engine No. 1/nose gearbox oil cooler outlet air temperature

Test parameters not connected or not presented.

2-19 through 2-26 - Heater output airflow differential pressure
(not presented).

6-05 and 6-06 - Engine fuel control discharge temperature (notconnected) .

Box 8 - Engine No. 2 mass temperatures (not connected because of
an engine change prior to the arctic test phase). Only the engine/
nose gearbox oil cooler air temperature parameters (8-23 and 8-24)
were connected.

Event Sheet:

CTR Event

8 APP - start

30 APP -- shutdown due to hydraulic fluid leaking from primary
servos

42 APP - restart

70 Cargo hook - check operation

-72 Rescue hoist - check operation

77 Radios - check ON then OFF

79 Heater - ON, MAX HEAT

80 Primary servos - exercise flight controls until servo leaks
stop (about 10 minutes)

98 AFCS - checked

104-109 Engine starters - check operation, No. 2 then No. 1

soft
Engine No. 1 motored along with Engine
No. 2 even though only No. 2 was selected.

105 Heater - CABIN select position
110 Engine speed trim - checked

115 Engine No. 2 - start

118 Flight control and first stage interlock - checked

124 Engine No. 2 high oil pressure light illuminated for 2
minutes 15 seconds

128 APP - OFF

129 Engine No. 1 - start

149 Engine No. 1 anti-ice - ON, then OFF
352 Windshield anti-ice - ON, then OFF

IS



160 Pitot heat -Or, then 01?

1#3-190 Taxi
192 Takeoff
195-327 Hover tests

Free air temperature for digital system
(position 1-04) was erroneous during
hover because of its own heater.

339-372 Cruise, low altitude

374 Climb to 300 ft PA
376 Cruise at 100 ft PA

378 Climb to 670 ft PA
381 Cruise at 670 ft PA

CTR Event

385-391 Descent to -40 ft PA

401-404 Landings - series of landings
406-412 Taxi (flying above ground)

413 Taxi on ground
415 APP - start, taxi continued

417 Heater - OFF, taxi continued

427 Stop

429 Engine No. I - shutdown

433 Engine No. 2 - shutdown

445-480 Soakdown - 55-minute soakdown
480 End test

I
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Jbm 2, -4800/-401 - .. n 71
app start mfrst 01 3 Starts)

Start
Li••t

Start Start Mitor
Motor MotoWr Position

Digital Camara Digital elapsed Inlet Outle r Oil oil Fuel
Ctr Frame Timp Clock Time Pre**. vrfe•. rpm EGT Press. Tamn) pre OFF -S tart
No, .NO. (sec) Time (00c) (p2sig) (ps.j q) _(=pct) (deg C) (psiq)- (9 C) (psig) ON-R=n

•, 73 146 1231 0:00 0 0 0.0 0 0 -20 Q start
76? 147 0;• o.53so o .0 0 0 -20 o 0
77 147 1.00 3250 0 17.0 0 0 -20 0
78 147 1.25 3100 0 15.0 0 0 -20 0
79 * 1.50 * 0 18.0 * 0 * 0

80 148 1.75 * 0 20.0 * 0 * 0
81 148 2.00 2650 0 21.0 0 0 -20 2

83 148 2.50 2400 0 24.0 0 U 13

84 148 2.75 2225 0 24.0 0 0 36

86 149 3.25 1075 0 28.0 40 0 37

89 150 4.00 .800 0 32.0 10"1 4 37

93 151 5.00 1550 30 36.0 181 24 37

95 152 5.50 1500 30 38.0 207 38 37

; 97 153 6.00 1400 30 40.0 247 50 37

101 153 7.00 100 30 13.0 321 62 38

10s 153 8100 0 30 70.0 437 75 40
107 154 8.50 0 20 80.0 537 83 41

S109 154 9.00 0 20 85.0 551 89 42

110 155 9.25 0 20 92.0 557 92 42

ill 155 9.50 0 20 94.0 597 95 42 Start

8 112 155 9.75 0 20 96.0 467 96 42 Run

9 113 155 10.30 0 20 96.0 437 98 42

114 156 10.25 0 20 96.0 407 98 12

115 156 10.50 0 20 96.0 387 98 42

116 156 10.75 0 20 96.0 377 98 42

117 156 11.00 0 20 96.0 367 98 42

118 157 11.25 100 20 97.0 363 98 42

119 157 11.50 100 20 100.0 357 98 42
120 157 11.75 25 20 101.0 357 98 43

122 158 12.25 25 20 101.0 343 98 43

9 138 162 1231 16.25 0 20 101.0 317 97 45

10 140 176 1.232 30 0 20 101.5 313 64 42

10 142 178 1232 32 0 20 101.5 315 58 42

11 182 206 1232 60 0 20 101.5 311 43 42

19 200 356 1235 183 0 20 101.5 301 35 -20 42

30 211 577 1239 421 0 20 101.5 295 35 +20 42 Run

31 212 597 1239 451 0 0 12.0 137 4 +20 31 Start

32 213 747 1242 601 0 0 0,0 121 3 +20 0 Start

33 214 1016 1247 870 0 0 0.0 67 2 +20 0 Start

42 j 233 1437 1255 1109 0 0 0..0 35 1 +20 0 -Start

*r efective instrumentation.
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X o o . .. ., . ,

. z* Jtw~ ...

Digita c ra 51ga 7W~.'t 0ontwr3. PU~3
Ctr I X*ftp DitLt.4 C~OIL Ako 2 A.h.. tCwo -o~m ROW~ rw~ S2 tart

_j!. No. Tim 9 In wtpiyj) "ý*i~ C-jois1 g L (&m~ C) 4flstL pro". tlw LL-b
10) U4 3868 138 0-00 276 0 o.* f 0 0 0 Orr

108 321 "3971 1340 1 t43 4300 200 •'1,0 * 2'

109 330 3992 1340: 21•04 so so 12 .M. • Orr

l,1, 331i 401.2 1341 1,s224 so 3* 1.O *

US5 336 403.6 1342 i ta8 0 0 6.0 i

129 515 4417 1348* '8" 10 0 0.0 on
129 517 441$ 0%03• 4250 175 0.0 *

129 518 4418 0-.02. 190 0.0
129 521 4420 0:03 . k 1.0, f

129 524 4421 0 t04 -.5.5

129 526 4422 0105 8.5 *

129 528 4423 0 :04 8.2
129 532 4425 0:08 12.0 0

130 540 4429 4312 :-16 .1 *

130 548 4433 0:16 19.% ,t 0 0

130 552 4435 0a18 425 19.$ * s50 03

130 560 4438 0:.2 4200 24.0 * 75 149

130 564 4440 0:24 4200 28.0 ft 130 149

130 572 4444 0228 3650 38.0 60 0 220 156

130 580 4448 0032 3700 44.0 120 18 220 249

130 588 4452 0:36 3700 IV 49.5 190 220 249 cm

131 594 4454 0:39 3100 190 54.0 240 I50 299 0F?

* 131 595 4455 0:39.5 750 450 55.0 270 270 299

131 596 4456 0:40 So00 50 56.0 258 270 350

131 604 4459 1348 0:44 50 60 64.0 306 310 299

132 624 4468 1349 0254 25 40 65.0 292 310 299

136 640 4547 1350 2:33 0 0 65.0 280 310 299

138 642 4588 1351 3:14 0 71.8 295 330 359

139 643 4609 1351 3:35 72.8 278 18 330 401

140 644 4629 1351 3:55 78.0 330 34 360 719

141 645 46649 1352 4:15 79.5 382 49 365 621

142 646 4670 1352 4 136 71.0 280 18 350 401

143 647 4690 1352 4146 72.5 276 18 350 401

144 648 4710 1353 5:16 77.0 300 34 360 508

145 649 4730 1353 5:36 76.0 324 34 355 350

147 651 4771 1354 6 117 71.5 282 18 330 350

151 655 4853 1355 7:309 77.5 :328 34 365 615

153 657 4893 1356 8:19 76.5 322 34 365 558

155 659 4934 1357 9:00 7.7.5 330 34 365 558 H

192 696 5683 1411 21:09 0 0 77.5 314 34 370 615 O01

*Defective instjmentati•m.
.**TTiA1 reset.
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Test SynopM4s:

Soak time: 36 hours at -38 to -43*Ci(about -400C average)

Start temperature: -430C

Inflight temperature: -26 to -400C
Instrumentation: full data obtained

Heat applicatio';: instrumentation heated before each operation cycle
during soak and before aircraft operation; this
resulted in unwanted beating of some, aircraft com-
ponents.

The temperature survey (extended soak) was accomplished during this
test. The aircraft was soaked for 35 hours; the ambient. air temperature
held fairly steady near -400C during the entire period. The instrumenta-
tion system was operated periodically during the soak to record the tem-
perature. Unfortunately, the heat applied to the instrumentation system
to permit it to operate also heated some of the aircraft components (as
can be seen by referencing to box 3, parameter numbers starting with 3,
such as 3-05). The soak data are presented from C/N 64 through C/N 250
and -he test run is presented from C/N 272 through C/N 704.

This test also shows inflight data without heater operation. Be-
cause of a defective fire extinguisher bottle, the heater was not operated
in flight. The heater data therefore show cLumd operation only.

Pertinent information.

Engine No. 1 has -13 fuel control and EAPS installed.
Engine No. 2 has -13 fuel control and no EAPS.

Engine No. 2 was replaced prior to the arctic tests and is an
Vverheauled enginre (231 hours total time at overhaul).
Modified APP start valve installed before this run to provide
improved cold weather starting.

Defective test parameters not presented (unless indicated otherwioe).
3-22 - Cargo area forward waist-level air temperature (erratic,
but average temperature shown is good-; data are presented).

4-13 - Second stage hydraulic pump outlet temperature.

7-12 - Engine No. I compressor case temperature, 3rd stage,
3 o'clock position.

7-19 - Engine No. I compressor case temperature, 5th stage,
3 o'clock position.
7-20 - Engine No. 1 compressor case temperature, 5th stage,
4:30 o'clock position.

7-22 - Engine No. 1/nose gearbox oil cooler outlet air temperature,
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Test parameters not connected or not d aresentae...Soa Data Test: Only selected Pertinent- ta ratpre dataarj
"presented for the extended soak test portion of these data.
2-19 through 2-26 - Heater output airflow differential-pressure
(not presented).

6-05 and 6-06 - Engine fuel control discharge temperature (not
connected.

Box 8 - Engine No. 2 mass temperatures (not connected). Only
the engine/nose gearbox oil cooler air temperature parameters
(8-23 and 8-24) were connected.

Event Sheet:

CTR Event
SOAK DATA

64-65 Initial soak data (warm aircraft taken from hangar after
operating APP, cargo winches, and heater)

98-99 Soak data after 0.4 hour

112-113 Soak data after 4 hours

128-129 Soak data after 9 hours

159-160 Soak data after 14 hours

189-190 Soak data after 19 hours

224-225 Soak data after 24 hours

249-250 Soak data after 36 hours

TEST RUN

275 APP - start

292-3.00 Cargo winches - check operation

304-308 Rescue hoist - check operation

310-315 Cargo hook - check operation

322-331 Ramp door - check operation

350 Rotor brake - OFF (hydraulic reservoir empty due to leak)

358 Heater - ON, MAX HEAT

366 Heater - CABIN select position

370 Comm/nay radios and radar altimeter - ON

40B Engine No. 2 - start

Note

Engine No. 1 motored while engine
No. 2 was starting due to defective
start valve.

214

S-- .","e• • . ., tm• - pe ",'ml'' -' •• • •:,-JJ:,.m•l•W



423 APP -OFF

424 Engine No. 1 - start

434 Flat pitch and engine overspeed protection system checked

437 Engine No. 1 anti-ice - ON
443-446 Air refueling probe - exercise

CTR Event

466 Taxi

472 Heater -OF

484 Takeoff

490 Cruise at 600 ft PA

503 Cruise at 415 ft PA

518 Cruise at 800 ft PA

519 Cruise at 860 ft PA (note the 13 0 C temperature rise at 475
ft AGL; typical Alaska temperature inversion)

528 Cruise at 460 ft PA (75 ft AGL)

547-600 Cruise and maneuvering between 300 ft and 415 ft PA

590 Air refueling probe - exercise

600 Doppler - check; Doppler shows ground speed 15 knots lower
than true airspeed due to extrenv. low density altitude of
approximately -8,000 feet

623 Flight controls - stiff due to control stick boot becoming
hard as cockpit temperature drops without heater operation
(reference parameters 3-16 and 3-20 for approximate tempera-
ture of boot)

623-650 Landings - series of landings and takeoffs

650 Taxi

661 Hit hole in runway with nose gear, causing nose strut
hydraulic leak

674 Nose strut flat

684 APP - start

6-92 Engine No. 2 - shutdown

700 Engine No. 1 - shutdown

704 Recorder out of tape - end test; APP still running
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RtUN4, -A#C/-WF,U 1* JARV Jil

Test Synopsis;

Soak time: 17 hours at--42 to -46*C

Start temperature: -47*C

Instrumentation: photopanel only

Heat application: none
(Ground test)

This was a very good cold soak, averaging approximately -460C
(-50"F). Operation of the digital recording system was purposely
avoided so as not to apply heat of any kind to the aircraft. As a re-
sult only photopanel data are presented. The APP had trouble starting
during this test. On the first start it had a high EGT, resulting in an
automatic shutdown by the overtemp circuit breaker. On the second start
the clutch shaft sheared. The aircraft heater also failed due to an
ignition vibrator failure.

Pertinent information.

The APP "tart system includes a modified start valve to provide
improved cold weather starting.

Event Sheet:

Photo Recorder
Frame No. Event

62-106 APP - start

106 EGT overtemp - automatic shutdown occurred after overtemp
106-140 APP shutdown

172-220 APP - second start

256 Clutch shaft failure - dc bus voltage momentarily went
to 0 at frame No. 256, indicating start of shaft failure

549-581 APP - third start; this start undoubtedly represents
an unloaded APP start due to the clutch shaft failure

685-711 APP - shutdown

!I
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PHOTO RECORDER DATA

Run 4, -46*C/-50sF 16 Jan 71

APP Start (First of 3 Starts)

Start
Light

Start Start Speed

Motor Motor I
Camera Elapsed Inlet Outlet Oil Oil Position
Frame Clock Time Press. Press. rpm EGT Press. Temp OFF-Start

No. Time (sec) (psig) (psig) (pct) (deg C) (psig) (deg C) ON-Run

62 0947 0.00 0 0 0.0 0 0 -40 START

64 0.50 2900 0 0.5 0 0

66 1.00 3700 0 6.0 0 0

67 1.25 3500 0 16.0 0 0

68 1.50 3350 0 13.0 0 0 -40

69 1.75 3275 0 17.0 0 0 -35

70 2.00 3225 0 16.0 0 0

72 2.50 3000 0 20.0 0 0

'74 3.00 2800 0 22.0 50 0

78 4.00 2500 20 26.0 120 5

86 6.00 2025 40 30.0 230 44

94 8.00 100 40 34.0 340 77

102 10.00 100 20 44.0 400 88

106 il.00" 100 10 57.0 740 99

108 11.50 100 10 62.0 737 100

109 11.75 100 10 60.0 667 100

110 12.03 100 10 54.0 579 100

114 13.00 100 5 40.0 339 99

118 14.00 100 5 31.0 259 -86

122 15.00 100 0 24.0 209 76

126 16,00 100 0 18.0 199 67

134 18.00 0 0 11.0 189 51
138 19.00 0 0 5.0 189 46

139 19.25 0 0 5.0 189 45

140 0947 43.25 0 0 0.5 179 3 -35 START

2Kj
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PHOTO RECORDER DATA

Run 4, -46*C/-506F 16 Jan 71

APP Start (Second of 3 Starts)

- - - Start
Liqh t

Start Start SpeedMotor Motor •io

Camera Elapsed Inlet Outlet Oil Oil Position

Frame Clock Time Press. Press. rpm EGT Press. Temp OFF-Start dc Bus
No. Time I (sea) (psig) (Psi (pct) (deg C) ( si ) (deg 0) ON-Run (volts)

171 1021 0.00 0 0 0 0 2 -30 START 0

172 1026 0.00 * 0 5 0 2 28

173 0.25 3700 0 7 0 2

174 0.50 3650 0 16 0 2

175 0.75 3550 0 16 0 2

176 1.00 3400 0 19 0 2

179 1.75 2950 0 24 70 5

180 2.00 .2800 10 26 100 9

184 3.00 2500 25 32 170 41

188 4.00 2200 40 36 250 66

192 5.00 1850 so 42 330 76

196 6.00 100 50 54 440 85

200 7.00 0 30 74 660 98

204 8.00 0 20 80 639 100

208 9.00 0 10 90 529 4
210 9.50 0 Jý 94 499 jSTART
211 9.75 0 95 474RU

212 10.00 0 96 449

213 10.25 0 96 424

214 C.50 0 of; 399

215 10.75 100 96 389

216 11.00 100 97 379"

217 11.25 100 97 379

218 11.50 100 10 100 324

219 11.75 100 20 101 369

220 12.00 0 20 102 359

240 1026 17.00 0 10 102 299

250 1027 19.50 0 10 102 293 100

251 1027 41.50 0 10 102 287 J56 28

253 1027 42.00 0 10 102 287 53 -30 RUN 0

*tDefective instrumentation

**DC bus went to zero at camera frame No. 256.

Sol
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t PHOTO RECORDER DATA

Run 4, -46 0C/-50F 16 Jan 71

APP Start (Third of 3 Starts)

Start
Light

Start Start Speed
Motor Motor Monitor

Camera Elapsed Inlet Outlet Oil Oil
Frame Clock Time Press. Press. rpm EGT Press. Temp OFF-Start

No. Time (sec) (psig) (psig) (pct) (deg C) (psig). (deg C) ON-Run

549 1327 0.00 1550 0 0.0 0 3 -40 START
550 0.25 4850 0 5.0 0 3

552 0.75 4100 0 15.8 0 3

554 1.25 3350 0 20.0 0 3

557 2.00 2850 0 25.0 50 3

559 2.50 2550 10 29.0 90 3

561 3.00 2400 20 32.0 120 11

565 4.00 2100 30 36.0 180 33

569 5.00 1875 30 43.0 240 50

573 6.00 1300 40 54.0 310 58

575 6.50 1250 4.09 30 63

577 7.00 30 75.0 480 69

578 7.25 25 82.0 540 72 START

579 2 7.50 30 0 .0 552 76 RUN
58 1327 7.75 1250 15 104 .C 519 81 j

581 1328 8.00 1225 10 102.0 479 84
582 ;• 8.25 1 0 !• 409 86

583 8.50 10 i 377 87

585 9.00 50 319 87

589 10200 10 2913 37
593 1i .00 5 279 86

605 4, 14.00 5 2 275 83
649 132 8 53.00 0 279 45 •

684 1330 119 102.0 277 39 RUN
685 121 3 5.0 239 39 START

686 122 i56.0 161 32
69 2 24.0 129 13

694 1330 137 1 0.0 129 6 ,

711 1331 202 1225 0 0.0 137 2 -40 START

_________ j_________ __________ __________ I__________ __________ __________ -TOW___W_'_



aM 1, -4ft1-44F, n1 JANUARY WuT

Test y (:

Soak time: 18 hours at -38 to -43*C

Start temperature: -43*C

Inflight temperature: -22 to -340C

Instrumentation: full; valid data obtained

Heat application: no heat used before start; engine No. 2 fuel
control heated after start

To avoid the application of heat, both a ground test and a flight
test were accomplished for run 7. The digital recording system (which
needed heat to operate) was not used during the ground test. The photo-
recorder was operated during the ground test to provide valid APP and
engine start data. The clock, second counter, and frame counter on the
photorecorder were sticking at various times during the start, but the
data are good and the time was calculated from a known frame speed.

After the aircraft was warmed up (from the ground test) the digital
recording system was operated to provide data for the flight test.

The aircraft was subjected to an average cold soak temperature of
approximately -42*C (-43'F). Since no heat was applied to any part of
the aircraft, this run presents good APP and engine cold weather start
data. Both start accumulators were used for the APP start.

The typical high APP EGT experienced during many of our cold weather
starts can be seen in this data (frame numbers 31 to 41 at elapsed time
of 9 through 11 seconds). The overtemperature circuit breaker activated,
but was bypassed to allow the APP to continue running.

The inflight portion of the test contains good heater data. It
shows aircraft temperatures with combinations of the crew door (top and
bottom) open such as would be used for operating the rescue hoist or
forward gun. Also presented is a temperature/altitude survey showing
the typical Alaska inversion with relatively higher temperature at the
higher altitudes. Because of this, most flights were conducted at low
altitudes to maintain the lowest possible temperature.

Pertinent information.

- Engine No. 1 has -13 fuel control and EAPS installed.

Engine No. 2 has -13 fuel control and no EAPS.

Engine No. 2 replaced before arctic tests (overhauled engine
with 231 hours total time at overhaul).

Modified APP start valve installed.

Heavy duty APP clutcb installed.

Defective test parameters not presented (unless indicated otherwise,.

3-22 - Cargo area forward waist-level air temperature (erratic,
but average temperature shown is good; data are presented).

3.



4-13 - Second stage hydraulic pump outlet temperature.

6-26 - Engine No. 1 accessory gearbox mass temperature at front
frame.

7-12 - Engine No. 1 compressor case temperature, 3rd stage,
3 o'clock position.

7-19 - Engine No. 1 compressor case temperature, 5th stage,
3 o'clock position.

7-20 - Engine No. 1 compressor case temperature, 5th stage,
4:30 o'clock position,

7-22 - Engine No. I/nose gearbox oil cooler outlet air temperature.

Test parameters not connected or not presented.

2-19 through 2-26 - Heater output airflow differential pressure
(riot presented).

6-05 and 6-06 - Engine fuel control discharge temperature (not
connected) .

Box 8 - Engine No. 2 mass temperatures (not connected); only the
engine/nose gearbox oil cooler air temperature parameters (8-23
and 8-24) were-connected.

Event Sheet:

Ground Test Portion

Al a ska

Photo Recorder Standard
-Frame No. Time Event

20 1018 APP - start

31-41 1018 APP ECT overtemp (760*C peak)

39 1018 Heater - ON, MAX HEAT

246 1117 APP -tart light - out; extended operation of
start light (about 54 minutes) indicates that
APP speed monitor switch was sticking in the
start position.

266-306 1036 Rotor brake - cycled in low pressure

320-367 1037 Rotor brake - cycled in high pressure

504-505 1057- Heat applied to engine No. 2 fuel control
1058 I

(I1 1108 Engine No. 1 - start; rotor brake holding

515 1110 Hleater - CABIN SELECT POSITION

885 1110 Engine No. 2 - start; rototr brake holding

1274 1114 Rotor - engaged; rotor brake released

1290-yb 1118- Refueling probe - exercise 1
1123

S0 1125 Heater - OFF
79 1!25 Engines - shutdown

ISO
- -- - -- r - -~-
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1546 1127 AFP -slgxtdo ..

1552 1129 Rotor brake- OFF

X 1258 End ground test, start flight test

Flight Test Portion

CTR Event!5 APP - start

21 Engine No. 1 - start; rotor brake on

25 Engine No. 2 - start; rotor brake on

31 Rotor brake - release

35 APP - OFF

58 Takeoff

70 Doppler check started

TEMPERATURE/ALTITUDE SURVEY

PA AGL Temperature
(ft) (ft) OC/" F

76 1,920 1,500 -26/-15

81 2,880 2,460 -25/-13

84 3,930 3,510 -25/-13

89 4,880 4,460 -26/-15

94 5,905 5,485 --24/-l1

98 6,955 6,535 -23/-9

103 7,940 7,520 -21/-6

107 8,930 8,510 -21/-6

ill 9,780 9,360 -23/-9

NOTE: Surface temp is -37 0 C (-34 0 F);
ground level is approximately
420 feet PA.

125 Refueling probe - exercise

147 Autorotation from 8,000 ft PA

155 Land

164 Takeoff, hover

168 Forward flight

179 Cruise; upper half crew door open

184 Land

185 Lcwer half crew door open (both open)

197 Takeoff

Sol
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I 203 Hover; lower half crew door closed (top open)
221 Touchdown
233 Takeoff, hover
244 Forward flight

246 Hover

257 Upper half crew door closed (both closed)

CTR Event

276 Land

282 Upper half crew door open

286 Lower half crew door open (both open)

287 APP - start

292 Engines - shutdown
293 Rotor brake - ON; failed, would not hold

306 APP - shutdown

312 End test

292



Run 7, -420C/-43"P 21 Jan 71
APP Start

Ligt.t

Start Start Spoed
MonitoMotoz M~torPosition

Camera Elapsed Inlet Outlet Oil Oil
Frame Time Press. Press. rpm EGT Press. Tamp OFF-Start
NO. (sac) (psin) (ps~i) (ot)( (dea C) Jo j (dea C) ON-

20 0.0 2475 0 0 0 -30 CTART

21 0.2 2700 .5 0 0

22 0.5 3850 4 0 0

4 1.0 3550 16 0 0
1.2 3450 15 0 0

1.5 3300 16 0 0

2.5 2850 24 0 0

3.5 2450 27 120 0

3.7 2350 28 140 6

22 4,0 2300 29 160 9
23 4.2 2225 30 170 16

23 5.2 2025 32 220 41

24 7.2 .0 36 360 64

31 9.0 46 520 72

35 10.0 60 660 82
36 10.2 64 720 85

37 10.5 70 750 88

38 10-7 74 760 92

39 11.0 73 700 95

40 11.2 66 600 95
41 11.5 60 510 95

43 12.0 51 390 92

44 12.2 48 350 89

45 12.5 46 340 85

46 12.7 48 360 B3

47 13.0 51 390 82

49 13.5 59 450 82

51 14.0 74 480 87

51 14.2 82 490 -11

53 14.7 90 516 9F

54 15.0 94 508 100

55 15.2 96 480 START

56 15.5 97 470 RUN

57 15.7 97 440

58 16.0 96 420

59 16.2 95 408

60 16.5 94 390

61 16.7 93 390
62 17.0 0 91 3§0

63 18.0 100 88 404 100 -30 RUN

*Defective instrumentation.

-5 3193
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Run 7, APP Start (Concluded)

Startjight
Start Start Speed
Motor Motor Monitor

Camera Elapsed Inlet Outlet oil Oil Position
Frame Time Press. Press. rpm EGT Press. Temp OFF-Start

No. __ec) (psiq) (psig) (pct) (deg CH (pig) (deg C) ON-Run

64 18.2 100 92 408 100 -30 RUN

65 18.5 4 94 408
66 18.7 | 96 43

67 19.0 98 400

68 19.2 100 398

b9 19.5 101.0 379

70 19.7 102.0 379

71 20.0 4 373 100

110 30.0 0 323 95

130 35.0 0 315 50

150 40.0 0 321 41 -30

270 240 0 if 313 35 +5

310 980 0 102.0 315 35 +15

430 1080 0 10l.5 309 34 +30

490 1440 0 4 307 33

492 3560 0 309 33

618 2040 0 303 33

1249 2280 0 o 311 32
1281 2640 0 101.5 289 32 RUN

1282 2640 0 35.0 149 8 a START

1286 2700 0 0.0 145 0 +30 START

•Defective instrumentation.

4-9



PHOTO RECORDER DATA

Run 7, -42*C/-43*F 21 Jan 71
D Engine No. 1 Start

Start Start Puel
Motor Motor Control

Camera Elapsed Inlet Outlet Ng TDisch Fuel
Frame Time Press. Press. (pct 5 Torque Press. Flow Start

No. (sec) (psig) (psig) rpm) (deg C) (pct) (psig) (ibihr) Light

617 0 100 10 0 0 0 0 0 OFF

618 00.2 350 110 ON

620 00.7 2400 10

621 01.0 4375 10

622 01.2 4575 40

623 01.5 3300 120

624 01.7 3700 200

625 2.0 4575 190 0

629 3.0 4310 190 1

641 6.0 4275 195 8

661 11.0 4275 195 12

681 16.0 4275 195 15 0

. 709 23.0 4275 195 20 0 50

733 29.0 4275 195 25 90 153

741 31.0 4225 195 30 0 150 153

753 34.0 3000 200 36 40 230 196

765 37.0 2000 200 40 94 240 250

781 41.0 600 210 42 160 240 250

805 47.0 575 210 47 250 250 299

825 52.0 550 2G5 52 300 250 299

841 56.0 550 205 60 336 290 350

853 59.0 550 205 65 342 310 350 ON

857 60.0 500 200 65 330 310 350 OFF

865 62.0 100 90 65 328 310 299 OFF

905 72.0 100 50 65 310 0 310 299 OFF

_ 3 _ $
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RUN 21, Cl- 25 FEBRUARY W1
(Second stage hydraulic system cooling characteristics)

Test Synopsis:

Soak time: 12 hours at -38 to -42 0 C (about -40 0 C average)I' Start temperature: -420C

Instrumentation: full

Heat application: minimum heat to instrumentation system (ground
test)

The intent of this run was to perform a systems ground test of the
fol2lwing:

Heater operation

APP start

APP modified speed monitor

New steel primary flight control servos

New utility reservoir

Since instrumentation data were desired, it was necessary to apply
heat to the instrumentation system. Xt was, however, kept to the absolute
minimum.

The second stage hydraulic system was pressurized for over 30 min-
utes without rotor operation, thus excellent data are provided for the
cooling characteristics of this system. It should be noted (reference
parameters 4-12 and 4-14) that the second stage hydraulic temperature
was continually rising as long as the system was pressurized. It should
1be noted bv reference to positions 2-11 and 2-12 that the AFCS was not
activkted (the additional cooling from these lineswas not available).

The optimum heat distribution was not obtained from the aircraft
heater. This was mainly due to damaged ducting and outlet adjustment
controls.

Pertinent information.

Modified APP start valve installed.

Heavy duty APP clutch installed.

Modified APP speed monitor installed.

New steel primary flight control servos installed.

Defective test parameters not presented (unless indicated otherwise).

a 3-22 - Cargo area forward waist-level air temperature (erratic,
but average temperature shown is valid; data are presented).

4-13 - Second stage hydraulic pump outlet temperature.

Photorecorder, position 10b, APP start motor inlet pressure.

Test parameters not connected or not presented.
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Because the en-gin -were not opera-td,ý
the engine test parameters (in boxes
1, 5, 6, 7, and 8) are not presented. ,

2-16 and 2-17 Rudder hydraulic control pressure (not presented).
2-18 - Wheel brake return pressure (not presented).
2-19 through 2-26 - Heater output airflow differential pressure
(not presented).
4-9 and 4-10 - First stage hydraulic pump fluid temperature (notpresented) .

5-28 - Fuel tank fuel temperature (not presented).

Event Sheet:

CTR Event
7 APP - first start; both start accumulators used with 4,000-

psi charge; 96% clutch engagement
19 APP - shutdown

26 APP - second start; both start accumulators used with 3,000-

psi charge; 92% clutch engagement

32 APP - shutdown

37 APP - third start; both start accumulators used with 3,000-
psi charge; 97% clutch engagement

44 APP - shutdown

47 APP - fourth start; both start accumulators used with 3,000-
.psi charge; 100% clutch engagement.

52 APP - shutdown

59 APP - fifth start; both start accumulators used with 3,000-
psi charge; 92% clutch engagement

60 Heater - start, CABIN SELECT POSITION, heat rheostat at 13
o'clock position (60%)

Noe

HEATER DUCT CONTROL POSITIONS:

Cabin forward upper duct (position
3-11) - closed. Pilot's underseat
vents - 50% open. Pilot's overhead
outlets (positions 3-13 and 3-17) -

closed.

86 Crew door - open, then closed

141 Crew door - open

145 Heater - shutdown

165 End test
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- -21, -40*C/-40:o 25 lFb 1971

wi-s start)

Speed

start Start• Monitor
ibtor Votor i i Position

Digital Caina Digital lapsed inlet, Presst O-a Oil
Ctr fteam Tife Clock Tie Press. ft'*S. rpm (og Pr)qs. ( . Ott-Start

io. No). _ t•_;.!, .,Time (eec) (pii) (peig) Lpat) (4k C) {p1J4) (da C) OE-uR

7 143 5SV3 1745 0.00 0 0.0 0 0 -30 STAR

144 50.2 0.25 0 .5 0 0 L

145 !i63 0.50 0 6.0 0 0

146 583 0.75 0 18.0 0 0

147 584 1.00 0 22.0 0 0

150 584 1.75 0 32.0 60 0

153 585 2.50 30 38.0 120 0

156 586 3.25 so 45.0 160 0

158 586 3.75 so 60.0 190 5

161 587 4.50 60 62.0 250 25

163 587 5.00 60 78.0 300 48 START

166 588 5.75 30 96.0 356 90 RUN

167 58e 6.00 20 96.0 349 96

168 589 6.25 96.0 329 100

169 589 6.50 96.0 319t
170 589 6.75 96.0 309

171 589 7.00 94.0 309 RUN

172 590 7.25 92.0 305 START

173 590 7.50 90.0 305 START

177 591 8.50 92.0 313 START

181 592 9.50 94.0 319 START

182 592 9.75 97.0 319 RUN

185 593 10.50 101.0 319

7 191 594 , 12.00 101.0 315

8 211 599 1745 17.00 101.5 311 100

9 212 615 1746 33 102.0 307 58

12 215 676 1747 94 102.0 305 41 -30

19 222 819 1749 237 20 101.5 293 36 -10 RUN

20 223 839 1750 257 0 10.0 137 3.5 -10 START

21 224 860 1750 278 0 1.0 153 2 -10 START

24 227 921 175.1 339 0 0.0 149 0 -10 START

*.Defective instrumentation.



*- 7- l.~--4

-- V. . t ,Jr frt.4 ? . .

Tyb- ia. a
N X4

I, Wyl 04-1 - a- CL~t ** * * .4 . S *4 A .. 4.W 4a a

Cr1. Ci 40 N'W tk 0 .ti

W C

V L ' W L ulC p I vt %WMA NA 6NC, U n a CU% NvrWj It 4, ft 1%.4AJN -ý kib

C-l O' *a4v.L
L' no~S -' I I ~ CItLdI fI m ~ t~ fq AC-N md lAM f-og nlfit U AlM I teII 

t  
-a -I -Al

2 ~4-, C> ..Jbc i . - 1 M aUI I MdW C .e . C .W raa,. tl

(A IV It W, 'IM~P M UN, rwrInr m N~ w w

au nc a

IC>-DL .Il W Ir CNMMN'-t " Pt Ml flI'IM. IM m . MM J I *

CC, Q, o.

Ci n11 01 W Noo N @0 p--n&r-r WiM~cIrr-rr'M -P'm Plr 0 mn. w.rr0 a ~ r-' MM'1000Itýl

I I' t

0- W 44444..4. Nr . .~ .N C N M mM If kit MM Wt ow4 061

532



UN CII -

Ut'.4
=d. a0 Oel@ aox4 fta nab~ to" toafte ftIQCoUISftC4mm'0t

V4.o~lvm -* Wc a0.44,,- tos 4OV 4. #m- aft 4cuu6 O 9Pf U 4 4(1404 ",*W=qvqft*ae4a. o
4MIRo . P,4l n1 n * W 0 l W M ~ l n l l G 4 f~

-- a

4.P4.M.4 4".4 A.4.

PA M.*L n 1

.4 00 w: ý o 4c b . P.of.Atr-w ft.4t cNN@4 r4~ 00400t-W00004VIA0s*N@SUttONC0S*CNNN Po"Ia.0
t iaý-Xtcld U ts.0*r c4N0 1 .4 460. ee eto en 0 , **S"1ý14 sa41" *4?e"&oonae V u*, m orIesa o

tare t3

.115 w- 11 w18 ct48 FOeaN*aIOC w tC= e*J* cea e 4.800tWI W 0 SN O t U, .1W 0 N4, m 4g C W Oc fu N
I Ct'tIc044t w4 4 4 8. *4,4* m m*C .VA*in tt0w*m*W) N ý lK m mC*O

tall af CL c
zw '. w IU 4-30 DwlwQU nIU ,U1r %mlUU V - 4 ""NM N N

N

* ~ ~ ~ ~ e C, - w m24 N N ty N e4 * N N " 0 m NC 48*.0*4 N ~ C N00 Ntj N90. m~ WP w8 m00 NO m I

NtoTaPDNW cC.4.4000M1' UNION -DO-- 4CS VI WNC 0000Owl 0oo.M b.4.4o00U 0.4C (- ý coCU
4 S *lfN. MPMU,0MU*4IMtoV* M rr*% OMO*4* 'o* P, - P. PM MV KOMP-*Moo

N 3C 0



4P ... ...

**fllea~ V flý nn4 0 0 wqas 4 s :n

44*,".4 4ý.

VALC PtwoM

464 $- lb~ t

_i. " ý0t

N'x w-una to; moo,'00 ro'eevo m' 00'ýo~l a-' GtO'r a, Col~tr~oaaoto''ore o 0e'a

V,9 3 WS0 N e to06 NWIU WA9NNNcaNW4VNw 0 w'J 0 dWP4NNN NNN A 900NAkotvS Nft tu*CA t'.-l 0 64W =W 0 i =
-4 =-& Ow "t.ou

a'4 *C&-t,

NCLI tow .rc0fL.tVMMrm"tD m pm" m 0mm -
LD &0 a. ' N O4000C ,*Oc~ta-te 4u~oPN-'-aleCo0 0 0 1 4

fl c ~4- 444% OAP NPNAPmJPACA* NNA NN C IN N N PNP NIAA* PP

4 fri' a- u
C'iWO-~' r ; NPA*P)r.*N N " 1)In4 P)P*lt*W, NmK fyNON*CN m cuNNftWCNhbP *Wb-P' t N CPAN

orI n 1 waC'W MMAAAAAAAMAAA~MIPPPPMAA'AAA5PPPPPPM MPA1ý PO M vPAA

NN')t Nt "1 440d V a1--- a ,m -n 4owU1 1m.c ,m v t

Mt

o r r 000.a If,4 N N n. -r an In * * In aa 41.0 r P'# C 0 00 @fl .4 .. PJ 41 U N N PA PA Iý m *N in Il% S~lO ml

p-4.



Co 4._ R'S 6e ~ *~

V P4 W 6 42-

19 * . atk. k -a.

tw-O

1w 1aa. -~a gaw 1tNoNosa c msacten&Q nvi

fta -

Nt.W 4,ON tf "DJ ft"
6-0 Z in~b Nb*C4 4bNrO S C I*

(A U. . IS

C) -A

.40ab,4C wwt-NNa Ulm4a
Nite4 N N

* -434 ai

0 io X.tu win a.. wlg a *"$A mccc.. a a a Irv w aW Mtf&A
*I 43 I- m.JllO w NCCO - a,.494 99

Vn V'aM POli N ,,)&

x C.S-n "
I - u W ) )Nts tC PN o.14. 1 1 #.4 1 f I .1%4

L- U,0) ..cin MMsM

.10 to tC

(mi- -tN* . , U U

- ~ ~ ~ ~ F t- a cc v Mire l Sa ~ s~a

orXrw o wa94.ns'.4nan&
* ~ ~ ~ ~ . ". 1. J J J N



-l - - --P J '

4 -.- p q t sNNWf N W 4W =w -o W,~ #** it a

isA.9acw ...a b a II A14 o11 l..sa aaau7# 0, A i I5 It

M~.JXmi "EU I i at***P~ *~ 1~ I C f I No ru jre5I -6 .

I. -u O Q iP ',ao p Zt p s A* rW )0.ký1 1-,0ý

Mm-oB-a- ay aq am a. N at aI a a cy am 10. CA ow atr afaa r te N N * ac a Na-

*~i 04.an l UA

v '.U .70' 41 In*W . cC -41 0-44 p0 4 44w fi w440S
1v-S wD I W~l*CC N naN ft NuNN vwq"N.JNftNN wN m0It NNI."JfI Q ftNI."i"0ft nflN&NflN :NNwWI
N*o-4P.1-w3 *aaa a aaaaaaaaaaaa1ssaa1 aa1 aaS ae1 1 I I#aIeaIaeaIaI

4 t M # NCN #WvW kNCf~ M WkwU4 -0kod
or n0 wmNr l l NN NNNNmf v uW ,f N Nt"ww wNfN ff N

a 3 4a.- vf 10 I1Z
*2 7S Sfl*tflS ILIt44 S *t* S 0b~ 0 *t5 e

km crj W N N W ICa~N N N ~ u~n~ n~J hij faAI J N N
et C , qPO * 1 1on "T 4VSM.W V. siDs stlls 0ae0 Uat 0a wa Wa te , ea,, aleK

4 tL'f0WotW`W "
EsIx

'31
Ifs
U) I r 2 ! M M & 4 4 9 W 0 d . 11 J M W4a O r % ,1 - P , ý ý

a-
It, Z
0y

EL, ,
o )I. d~e.*tf 10 *3, omti. fr.7 W IU . tI l P10. lý Alw,ý )%)0MM 0o 600 .P 1,-

* ~ .t- C2 2 ,N* Nf o~ e WCNVNCWNNýMN I Mf I ,CYNN t o

xb m 1-EI~' N N NNNNNN( u ý if )MNNN N ( t N N 4(N "t9 41 4 qPJjý;m e N PWW"N Nqc

Ft -V,

ZW4N NW M.f.CW

a , r--K l'* *~ .t*&tW4V*S*MD ibtmA4SN S W, tttttU'Qw ttPCCCll10P'AD 9ItN T
Cr ~ ~ ~ ~ ~ ~ ~ ~ f-nfpPP In tdeN( N N NN N N N( N NN ( N #.N N (MtN( N N* C

$36 osC W aasEBS ~ s tg caa aasti , ae



4 0-0 .1 l

M.- b -WIs& s &aa a tiesa laa aa I

* 14.Jta 1:3u
I.

at t4.a orW 41 fmwtNJ14m1I'd 14414 1. 4. 4N114f . v 1. A . 4 ,4.4.1 1 0 4 S ff4t* M 1* 4 4 4~ f N a

M rOW M e m coa . c c e 0 blwtbe1, 1 NcNa c r 0' i .40 *.WM, 4.4NM4A 10.- W %041.4.a;P cu@. .14 1444 ftA
I NO NJ t tv~ N ftf 1444PN WW 4ft414ý 0 1.49 .44 W IN" . 44 .4 4444 4.1..1.4. 4&JI 24.4PM 04101 N4 Win M .4.4 .4 vt-Oa 41dt.ay aW I S I a a aI a I I I I I I a I I

can a

:1a--wa. W W canu wt0c.4 . 0 0asN e.%1 0 f O00.4 PNa. Wc W44. .4Na aACN. A .014*1. cr ot
a -0 .' 0 1404LU t- Wa t.a Wv 044 N ff N 0$C4 Nv W 4 W u ftW .4 .. a .1. 4 .4.14 .4 .44 .44 .4 .A ft C N ftCQ I N0414 .4044 .4

40 %0 N 4 0ffNC C , ,am0 i ,1

o6 .a- N. s-v.

.600

aL I-O X - ttDIc Ct 410 .0444010 00-1011 lt otI 0.& NSW ýotIstP0oW P*cm . cy4.400 III N Is 0 t C) , -1
an thc moiaam ama aaa at

ti 0 W I,

ný,ffio o a. aa a a aa mam ass vooýwm,0WKwv rof ,"

r .0,-a

z am

12

Ar LN C O O4S N ~ nt C - ~ 0 .C .. 0 1 1 0 W C O C t0 04S



LiL

th~ a -1b .C

10 flO M ft ,004

.44ft.t3Wu-A 00* 0, Oft VOkO~.No w. Ns PO V- ftla S0 * &M - OtO &CO lAt OMtlpUI' 0,0'4f~g4N&b Sa *f.

ir
10 w-31 q 0E 2' 0 M W0 .0. t Wt 0WW W4 *G

.4. . 4 C utN wf N001~b 4

rR'-, I!t w.'

It.& C *k wCL'_
o )w77D - N l .. a Nww0 00f W tV'1 I N .)-(r ? lo =f&l0 0z o -*q m N"14ws " nrm D4- Mwcw , t oa

t' xZ - ItL

L: f- ctc%0 Do ý"w 0 ý" w w ~ _ " O - Wr ,j4

r0 c aaA 0c,0 l ýa- %0 "m 4m w' ý m0 rW . N6
r WNOO _gA ca'rr-r W 4 .40C"n .4"Le.-OOm m tmNýM m _Aw ANfO*Or W4 N

*- N W P 4 0 . t D l l 1 . - ( r l t M m 4 ,LAD 04.& - 44*4 4*4p4*t*4 .4tL O i i MmU i mWO L

10J C) , mc; I % _= A f ýU

IcA C



1 71

i41S o.. wtn0 .4 v4 9A. 4. 1. 4.

.4r w d A i f *Swwe n 6,Vn. W* 4440Cftw
O$ W44.s*.4"449~..

ja.

tol Oin" .aege ID-0 *4 .0
i _Ituf.f.,

va a 4- lip 0 -

v49'-U-int *btri N tml~a~sw eMi n4.-*toc
t I 0 J&,:a (vC*NetU94.4.444 . .~4.I4flfl..4

*~t 03 W . W

srf..a ew e lNN'.4.4.4.4..4,4.4 4.

0.0

xW r w90L

an aDr f,- 1,Rl0a - j - "

ry W

csr4 WN 'C0U*.'C0a S .4C u N*MonM w
I ~ ~ ~ ~ i m9% Z% inC m3 w' U'o .S6 0.0 tS M MM

a'4 t- inl o e I mq M.4No tw
'14X umu a nNaw. a'



tSV, TN "" Mor "m mm..

.X -4 *.-44l w M, S7-

61 816Ie *a ~ * s m t e t e s s s 'ae te '~ '~~

0y 01K., Itt Uit W0 45 It . 1 4 I l 4 4 1 1 , 3 ts e

4004a0 a
Wj&.it w t. CUM NAl tv W6W PeNm PeNo ft 11 ft N a& 1 ft SN ft Nc l m151 P433114.1.61 14 ".f ~4N

a-4w a5C. A a'

00 19- Xra Ito its 4 i s a I i s 01 6 1,411 I4.1,1i4 t 5.3 1.1 16 toa*ItII

Ott6 0

0 -
u

acr-

w I * 0. w 0 12 N. WN NW&w t& c NN N4636 N~% #113616. PN N N (,MIN 15051-4 Mt61N36163631460W NZ I% 61661
Ij 5 1I e - Wt e 1 a a a I I aI e ; a.* 1.a .a I. I I I t m a I a a a a

L % 7
&a

'D CF0a.0

C .I a~. m ,L M ,Smw )

> wo

V0.,

ZP-d' 4Cd& 7 M I--0UNMMMV4- l.ataokGD Dt~,C

rIr -~aJ-S * M * M I P . W v 1. 6 6 N d d 0 5 h ~ ~ a ~ a ~ a l c s
at-'* IOk ~ U C N1d N W 1N d31 66& N FW N I 1 6661d N116I6N1 ~~ P66

Q~~~~~ ~~~~~ N el -'a5 .-a a, . , I a aa a II * Ba In I I I 55



.~- .. .. .A 
... . -

-............

- ~ ~ ~ II wA 1 -. --.. .. . . .

ft is.. a. 0 0 .40 01. 0%% 0%. ýloý1 .1 0" oF -W ý -a t W l A( oa

t, I&
aOO 4 4w Da-o. ýaa0 r 4- ai Vowsw ftm e0 cvs-fn 4,9,tA* t r.0.45f.

V ~ ~ O o4 ft 9WTý~a ~ m I-nn~ n Mn nf Wn W4 O* Oh ftW .4.

.404 IL44

A .aoi "

a.t w2 tA W 0 WNEN ftWrfftfZftt Nft4 W -

P,5.jta- 4 -, ac t 'r Vm~ uat ae ae gabD4cagata 4ftO 9%W L ab u aNe EeC,

CiiA . 0bII
6) L -wa

caa awe ;;0ý CYt
* a to-. ~ ~aa lcmCJNNNN owtl fll ftlsifNm "wmuau 441. flIC" I .4..4..4 . ~ 4

0- ft, akoý.O *-UP Orv 0WN btS
C.W ~ ~ . m 4W4 4fihN l o, a~~ll a~~Nfl4- a0 I.4 -0 .4 IV. Ol P,4 t1(. W.- ID

ow va Co w 11l



q-c- 404- -,# *,. 'A a 'A-t mm "f"a"fvf. . fý.

to 0, .0 4- - '

qv c aa i -MtS

fD- 04M 0 -acO
I wW 0W Z.t *5 fte.- N N -"Wq ft"w e ... n*.. 0*00W efke*t %aw m" 0t F) ean..,.-*-m

cCC 0.? .0I
o , U. ac- l V r fl Wo vf 4 . 0f 0m

91W'

*i ýn k~f L~,qmro l, 1 ' ý

N 4 ,WU vo .0WOI

4 .4 9 W ,IkUNI %,lL rU ýw

Natt~ cww

642 -44 4 5 $ig 4s '



AlI a (A

vu tI aciI-w.ju' t I

nta 4t ' w I If EI I I V 4.rI

I-4 On V0"0 .w0

*9- Uf'L JtS IL I ItI I I4.4I4

NoIAw * O 5. Cr'- WQMCCCCCCPW 4 K M.N .NNN

sacc I--u0VP1 o, -oM

rj *4.E- "w

IL Cj
c

WO'-- .. jf 4.')6 4 r

ovp . a,~~ i a-.. r t 6 I.- L ib In l. .0, m

Se-4. 61ftL

ta r

L;I oNC , r ý - n , .

-rcii La

4a5- cu

t& da In UN tP krU 0N L z 0I 00

LM 1O P- W, a,'# CeN Mp-WILIA 0%IA*SWS n

1 ; 4 4 nf -iM -e . U% M %D 4 0 .



L5... - - - - - .... -. -..... - -
* . . . . . . . . t - . - - . - . . .

M
w1 u,4

7vI

I t

o(224 4 llý rlf o- or ýN w 1

.4 '

Nl (2 U. NCuN m P P )mW

PIN



A jq S Ul # Ie

MC L Wju St t I II I Ii tI i I It Ii It I , I I t I I t I ~ t I 1 a t aa a*

or , . 1- mmNC

*~~~ eajoet r fwS. 04 M 'a m m M~U6 N NN 4 -. tU a e* fla a a1 6* N a N N N .4*,

g~lJS~~ * N n 4U lIus r!Cm ir NMmMMh '4MumflpMfl -M "flN, -1 4
LAqJ. ta t t s ta a a a

r 2;kv D'' I ,1 'ocam u ol .

SI O-C*-O mN Nc~ tN N c.NJLf k q

@jtW.4' z YD c N aca ic0t~r. 4 o lweAJoNatl 1orQ m# anu) Nýo m cq rv Ua 'D PlN ON l. .1(',
I j O' bt NN N N N#) 2 N N N' t% kAu w ~ o o w r 1NP ý1 . P c4 uc mI ra

NUC WW tt a atfl atac cat



0 -c l u t ýrs.tz~a~~ fn MWt wa t '-' r'i N-tiu. -C0,42- a-Omm4-Nký0
M,~~~~~ ~ ~ ~ ~ CYP M' tN 44 .

rl oL u aC 11 2Ný 4. ) P 4. 4. a0t 4f. ^ 0 .pAaa .I ,01 0ý
w w o > L

L,- UC .J CS

0W L, CA W- t- 4..J lo(r""N4N 4 ýN

rYO~~~~ ~~~ u1 L>C& -U p4.5. -"In .3.4. W.4-. W.3 *.. -44 t.. . N tN N 4 N N k43 1

4F,

* -t - soa 1-a4at atsaS-rs-tt~a 4 t t Lkaa atnt wamsnul apmas U% Mn W snawng. A U,~

le- rýf. t". n'DP . r00 c ,

u. : a',,' 5 '5=c&a=CC 0 4.. 443443*4N N N Ne-a N riftN 4. w . mmfl m 4. 4)4. 4)ana a a**
N3 .33..........4 44 3 4 434............*......



LD L (A I.. P2 M Nf Y. N tSN ftWN ('J- U N IfN t4 flfl)#CM W",4 IfýO I ",*.4.44 ý. .44ý.4.4

fI 1'. a

* eW 4 0ýIS I I 4*4*,4.44* 4 .4,4.4.4* o4,3.4".*4*4
re uL 'L, *ui I t i 1 ii1 1 1 1

E4 0- UJ L* P1*,W . ' N)*W.4m M% y UN
>4b- IA4

7'* Z2,t -. 00NNW

n- U A00 rr-l NL O

Lo U 0j140AP It4OI.-eAP 4Nf %CwP-.Me0% wtN M 4 WN

12 0 -T 4 -r-r4 V, *4 W,4*4 91 u 4 a, *4e 4*W*4*4
an I "ý.ý.. .-

641



V~ T

r -A~U.. ko.4t l m ft"4- -" lv M at w.'44-' c4.*- Im . a .4,-m e

9..~q .#4*0
& 4f I-I n*jn w x it-f -f*A42 fleqb.N CL ctri::M t

-

.40 Ii.2 * &
# W19c E flf0lpi mfr lppff m P) I) vy uO4 1 W1 nh*Pits 1 MhC4P4 intffl in Mfffff tN,
-r c A- W 0 1- -Aat II

IN4m oo442l To mattwN~ COOO jdQCOO& 4 I tt0atýtetce.4.4intceini .4 e4N f
to i1 -11u 1. 19 g 9S lI 9 91 I 9 4t 9j 16 1 1 1 1mg

9t W kit ItI# in IfiMi l. 1 9 1 6s I # I £ I t 4 *4 a. a 1 #1%i d44 .. 6Jd *fl Nf

cc- a S

9 T= (A IIWI PP .t*MP1ina4M61A0 11 NiV~ I I 9 I a I f I &44. $94. #44* itf

w r-r.- -a9~a * , N11j991Q1

ul9 00
I . lku

ly

Q L D4 DP hPiý# ý %0P -1 ýd t ý k4 ra DW D G

0 z-> L

o. :r z 4S

TSC4b P- .9-WO .06t 0- M=' ='.6.4* WNWU% MM% M 9*44.0* * WUC00 tC *ee ot 0 .p. 4 t-I-CI-l-K 9.-a
Ut ~ ~ ~ ~ ~ ~ . v l4 N WI2fl-W fNf N ~ U N N~ 4 f~ffff ~ n N ~ t n gteWW

" .4 *Z Cit du 9ý 9 q 9 I D a, 9 0 69 * 2 w %a f W* C w w MO 1 I& to K v g a, o 14 ft po 9r It ,Woc 1
C 9.-I W0Z7P,.4~c~lfff 0' C 24-4m '

6 .4



T .11 I I#

,444 a~-i e n'A W-Ct, g In ~ *p _goes 4punng $Aw AtO taW No Wel. NW N O N N ft W

whiuo u 18 II 4 .# 3 .1 ISISt 16 I# goi fa la1 I as jI i I I I I I I I I I 5 1 35 1 I

fn Wi- N 0.. f-I-Ib 0 ,

wt A. )- CL>

t V - f

C4k 0 WVc (

OLWTO we t-.Nb-Nt-C-CW4CCftIcCfN4NS"N 44* NOO10iD ON r C

OLIW M OM .44N 4.4N4S .IN4.4 4000w-w -9cc NNm mo KP-Mqw n u*M Un*r(nNN.- a,0OCrfara oC't- --
I.* it-rt " 04"3, M SNWN iN -NNNNN NN NNf NW N. M- 4-.44.

-Z LO2 55 . 1131 (A x5 3o 5I I II I #I I ii I i s l 53I g5 05
wa rraoz 1
w2 t-

c' i-. ow rr ow u ,w 0 0 *W 0P % 0 . 0W r1 l1

a gon. in z , I 5 I is a g5* oaIaas t$i
orr u,

(3i11N 4w-M4r M - % mM l 4 N -

I-*IUP C 55! III 5 5 I5 391 8 ge s. ,, sees.itz , Is. ., C3 is,..,.N
Wr Zru N . 0I .a , P a 4u0. e ýa

1fi 310

Iwo



........ ....- 4 -.V ..- -' ..

no 1!4..¾4 4-1--

baI

40e. 0bi I ::mv

Cin *L a6.44 0Stoe a e f e ~ e e n ee a a s a a . aN-.N
- tt-CC0 NS s:lt n lIC5$ .44~-4~~.t.i , ~ ~ t

Z.e~-.rs iefj-- t* e*31 %O' 3l*

aAW i *2a110 #i

* z Aj.w hs 0 t- It-P. k, NlPP 1.. VN N4441o 0. No 00N< Cam-eu a' ic * o e .e.t-at em teo a

u cf- ul 4 111

.4 ~ ~ ~ N IW UtfvC *Dý mUo it, 4~N W~f 43 aAt C, C - 0 0e. .a mna% n a *54.s 0,2 WEE 4PP. a .4t 4

t, 0.-, C,

ux4 2 5 "4 ý

c rC In2 I %n N4*M ~ -N C tI i SI IIatSI aS*I I I I I4 N'4M %N

a N a-i' ft .. 4 4- 4- k 5,i- 4 4 4.44444. 41. 44.. .. .4. I #4 a I I 4 I I 14 I

N NN "'u .DD. S1 C0a ' o*,W ,D0'
,air..tt0L mer s e .ue sas sist or .fw W.Ivw5.4Albt nL

isi C, N t. ft C.N 4o , n i

7 w.

_ LAWt 

N 4 tii45 .it i i~ 4f~ i4ftt4Si4) 
N a wt ci



4~~*C0 0 V-4rma6 ttwk- towww.t .f~fi~l4eW

(a nt 4o01in *0~ fl t 0* 4 01' W'o 0
tALa-t ie

UW U

14 coil 1# 6 4 6t

e -9 Or w aO 4p MC en a ol m or> a, a a W a aa

SIL roC- w

at 'f- C X

N 4ta t. wiI

WI- 00"talX0%I, S 4 OI4C o

-~d w- C n

C.>

I4 .4 '1 '1 1 .4.4 '1

.2 z

68.4 C. W

wO- 22- U,

0222 C,

* 84 -2r a A, I * Ia* I a# m

or rc a,, woý f Wm@

(5S 4 t

4.3

So



In I 'II f 6rv I 0k~ ~~

t a g. -b f * *to o v np * mn o nf OS
zw z I I

40. 01 6f.

x -XX a z49ut1 St u St

t aTEL 4 ai ,' 1l la p0a ýco - - - ý 1 p 0f"4 - fd
3 4 l)ý1 -0 "" " *" " m"ý~lm"g." " opoMn

* #mews a,0.ncvaawtee.-*~tt4acfse la

0*Xzw at, l

m V->5- aam* .10 pC' et0lt OA vPM mff *a- -61 t"

tmms &ý m *- "7M$*M -M f~ utmW ytt .O0
-CL Zi. MW *i Irc I w I' I I'o 1'V't od9 1t~cssa. .1'. 1.a 1%91.CA1

a 1 w3 ~ osr~~eeni¶Pns~wsMnnil~r~t
">r.ors -raa aL aaaaam aaa44 s s t a£ama .aa a

wwj a -ý-.-ýp ý U ,MbW 000Wo I . .N 0ýO t-i LIo

'am-Sa. *4- l ý Ml M ~ "1,0 n P
6- . .1
N :bs *

ey nor ?ia* 4rUOTTZleS~lm0Men,,4~t7.,

* l4-t rarecMreM~eMtMtA~MCSNNNJJUC
* M*-~l~tJ 5Ba a saa a taaaaa a ~ sa*aaa m45

2 j w ow5-000 0W0 M -I Do MDa . o4b0wvw o U A0. n

'Mt

I'-, NI CNfs- C'C14 (4 N

ae N

MC

'5- 2



N M 4 "00* N9 4W 10 K) 0 4D W0h ft~ All466 vlý "04.1 All 4-Atv4-~~N Wl&~' P% tW 0V, 0- 4

* HWU.J~ t .4".4.4 ,4t44 .4, .4,6..4084 tv Nff Alfi vu to*#* "M n P.Mv VAMP, WM" U't~l 1444 r

0

f- W. t- I-L~

x IL i -31

at S.1-4. 0
1 (10 -jL)0 0 M'4o w MM n0) o 6tW 0 4* 00. r- ..2U4-000 44M T -t~4N~ '4,44 0 0 0 00

C , z

NWWUlL'O . *fNý .t .

q I~~~~ _C3 a J)- 13 46*64 Al r64461.4 Alr Al 2- 7 orT t 4S~ Al 414 Al 4144.. 4q -r &1,,. '44444444 44 4 4,4r 4 .24
1- .0 .Iz 0-W .t I I I I I I I 18 lj 118 I I I I I 1951 1 III !I I I I I I I I I I I tI I I 1 2 aI I aI I I

4T -Avx- '0

T .4s W09Z9- 1S1I I #1I I911I1# 11 I I I I I I aI I IaIItIIIIiI141111#I

LL

LOU 1- 1W *3 1 1 000 0 t00 0 00 I0 , a ' .4.44 4, 4 -6~ 114,,.4 441.4N .441W 14141M*N*41.141N
* 0.W * * * 4 * * * *'* ** * 4*- * 4 * 4 4 4 4'4*

JL-.IZ- ISII I II 5 II I I S SI I II I II
anui- CA0cM1 uN ip P1mýp -aW W'_ 4P )W* t. ,-a C

I L l1 1 r V4 i u.44U i Wý" I l U nt . \

x.Al- 5;U 13ý 00P -- M : 0 NW r4WW0%

'4W C.0 1-0. a, 0Uul4 ' U'fl41 W 4 ".7 W AP- a .4 Al) - utse P, - 015.0 1044 .4rW *0f4-D' M14*5N 454t4 M44*4154414141 W
U. U,4-01 .0 'S " P.tOol .0 c

,4-~~CJ5-.~~ RD. m II lp I to 0 * I0 0 S W -A I0 41 40 W W 8p II I I II IIIIS ll II I I I

IA . I



.05 WMn - -.CUOW fri.-tl "ln 10 POXtib -aoosf Mf o-) APM9 t 060 gf - 0 mfV.

- k-fit.S tceF&-

ux w~ aI

*-M nxx -

uI - a. 4!

rni-, 0 vXx ,1

.s..ae-low it rictit tig gte e e etit c atPt

1- orwoný-
tQ'.up e Vae i i c i e t r ic i t e s t s c e c- i i t l i t

set e at t Nei N mWtt it et s t. e cu ti sees 4 tete oi t sN

* ý n-u. M- 0ft~f ' l n 01 UNE UiNE i 'NE lE U~~ tNaP4AA lA' -EU .40 N ONt a U NM 4U 'ti E.* -L- -m- -tit -- -t -i ci- - t -i tile let t u t.. ti .t



41 cb-` W WO0 416 Wo 1 C41 .4. 14. I v44 $ I-. V I N4 *4 INANI

t ~ ~ ~ mt t~aaWtW "wa1 4 * taftl "4 at

fm I.- *4 *0

4nw

c~ N~ C4 f rK1 l . 0 r ýD

:Ia - .oý" mNf f .mf

i'.urwzct4 -tm ee4#..1-N-.*Nl m.60 S
a x -a -e I a* aa a i aasa 4 i

or- a- o- os-zszýD ý

w 2

inZ4 v .



913' cc~ .o 4 -
Wn~ 0 Po.. 1., . . sfl ISasae 1 .Sn.1flbtCfll1wth a r6a0.Na I r I a I IS

* .ati 0 nnaqhnnfn nenS mn wdlif~~..~-et4.ttt.

'ia

""m Moo ma

tM I~n a Is at: 16a a a III a a Is I A~~t I - 4a8f 1 ata-~a'- 1-a-a a aI a 9 ta-2 1 1P

IL jar m o

a flta us a a a a a a a a a a a 1 at Ia at a I A a- I a a a a a a a # a a a a a a a a a a a a

4 aaoLaaup xt m a atas taý N e a a uwNwwt waft sta ý t .w tw t fti w11 aNta a I,'a

-0 t*-

tttPaS--~

a, ., r

Ptc-a ft 0

a , Laaso a-a t a a a a a aI a at a t a I a aI

"")I-0 -J a-1 L -

dF1 ;:w ac a, Paaaasaaaaaaa .aa ,;allsaasasoa t atsaID

.5~~of ý t NWOt--4 m .. N N N NN N N N r N M N N.N ram a a .z Ucwaa nrans ~ .6ora voor *w I)a Pa an n 5 von ;o raw fla totp arnmPr N tNnrt

# b



trv
9
Nc U,~W to~ f . - 1 1 9

Wý~~~~ ~ ~ ~ ~ UI ..- II-1 IIII

UI W&Z' I - ,-ox , .- 44pP 4 .d.S¶Mto*agfm~ b *.eee v 1 r100,PL . -. aA 4p N a 4ooeC *C;N0t1.-ot.-. N
-3C.T0 .0 P2MM POMP PMM PMMV) " &fit It MM1 N 1 1 aI 44....44...-

m IL

t!' 3 0 x I- i 3 3 3 I I i 3 I I s q , I i t I If 3~l s 3# 0 1 S& # 3t So f t # .S 3
cc

a O. 1.-to Uý2 .
I .31 .jc± u a W 2 MW W ý.P M toP2'P pP M r.~22Mr~f~-lCb onN mt Nba N Sifts N NNa N CAN .f" a44,44.- ~4~
Uw~ 3W h 33 5 33 5 a3 ,aaIII IfI a I t I I I 1533113131315#54 SlagIfIesta

*03*2 0
-I.-

L"L0LL - 0
-J . Va

, W-

a(n < a' % M P 2M .ýV lIV4P2 4* *P2**P, *P U MMMW3NNvMNNNNNNWCJNNL4ým W IN.-34.4 .Ir4 P. LtN'-$. w
NWLLh.O3cW o* C rC0000 OP2 a3'&N Nin4 *UN ?P2C W m0 WSW.4 014NM

L)*4& 1-0 1,

N W N4 C C c-c0~vt.ru 0 * bi C C.N bJa~taP .W'Nr3 *4 0

r ,,,
M" -L. U( W4V4.4.. 3363 D.D #,II -,U 533333 .N"MM43lj k V

aa' a 01' cC &- U lDDe tWwN'00, ý P ý r N M ; 1
rvrC~u I W b-4Ku t W rr~rr-i.C 33.*~oaC b~gU.. . 4z 0' o-N r 0 3 a 49 cac C

.43' C'J N.44.4 4NN aI'.CJM oMM P23'-30 3r M P2 2*** **4 *** s4J



oLna& b-W&4
N &wb. MO¶ M, 00 -4pn.4A.M n IT AnP014*nsii4**e**tS10 e," sew4*fe&&.aaweeo N NLNN

j wo - A

*OtZX 04

-I x.t-Ct 1, v .4 44.4.4.4 l1.4.

-iriocujo 4 .4 4 .I

li 0 jI-- 6Cu

I 
SOON, 

I-T~ 
It It

*~~~~~~~~~ .. raatC~.- M 444444444444tsI t I IS tt a at a f a 1~ a a ft a

*04 C,

U. M , tA' if nC. V*40r ne0.0ý. t.0s

cc. 10-O 0 4 . lU . -
NL, JO UO I #Me ~'0 c* A C 4 # fN M * 1% U C ~ l@ 0 . * C aCt.Qt* *t.I I

It 0-3 .. c44444444t4..i444t4.vfy6.ff--tI'tt4S.u

m0~ Nc ue J e Mn a .4 et l a, ti e et e0 al, e0 to a 00 00 n0 ,

*l "WI 744 M, ,a t... N4. 4W.*0NoNN % N N N N N. N N

Ge' 0

u~Vfr N.Li



*Z-9 ii 1*...*.***.4.0 W4 6 4.4*

U, tic. 04 i

Itt~
* t .shL t Of x ý 4 M4 ,Y 4qt pw M 4 *t It 4A &^. 4 4 4.

ji u K' WO i *' 0b 4 144 111
*%ij0w j a-

* .J 4-i4

uO C3

.0 4&. C

., 4- 0

C, IMi. (.4*0.N0NW .NCY

u'w r I-.

*04 CL
Ia O I 0% I tU j

NLI&cD 0.0

*%Lb 1- 11 6 4iWgg g g i

N , *4N %DI ,f-:
4 *LU W3 WN(iW \.N NN n NNNNNNNN



"14,

i REFERENCES
.4

1. HH-53C Instrumentation Reort f Class I -VidTction for "1,Qoqter
S/N 68-10354, Report No. SER-6579, S1Xor$Xy.A;rcraft Conpany, Stratford,
Connecticut, 22 December 1969.

2. Etzel, Gregory A.M., Major USAF, et OLI,, Ca" ry
the HH-53C Helicopter, FTC-TR-71-12, Air Force Flight •St Center,
SE--•s AFB, California, April 1971.

Vv.

I4


