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1. References.

a. Department of the Arm y Approved Material Need (MN) for an Emergency
Repair Shel ter for the CH-47 Helicopter , dated 19 June 72 with CN 1, da ted
7 February 73.

h. Letter, ATCD-FT-O, HQ TRADOC , 5 Jun 74 , “Interim Cuidance for
Operational Testing”.

c. “Draft Coordinated Test Program (CTP) for Emergency Repair Sh~ iter
for the CH-47 Helicopter” undated U.S. Army Natick Laboratories.

d. Outl ine Test Plan for Operational Test II (Or II) 10 Sep 73,
revised 8 Apr 74, U.S. Army Aviation School.

2. The U.S. Army Avia tion Center conducted the Operational Test II (OT II)
to determine whether tLe emergency repair shelter for the CH-47 helicopter
n~ects the rc~quirement~ of the  apprcved material need (MN) during tc~np~ ra te
and simulated Arctic cor~ itio’~s. The OT II v~as ; c~rf~ ruod in conjunctiou

‘.~ith the Dev lopmentcl lest II (OT Ii) conducted Uy the Aviation Test
Board as a coiF’ined OT/Di: II test. Test data was gathered by the Avia t ion
Test Do~rd for JoinL OT/DT 11 use. Four she) ters were tested from Nw 73
thru J~rn 74.

3. A l thoug h the subject shelter fulfills the b~~;ic requirements of the
DA approved MN, the Aviation Centec forwards t h e  following jud gemental.
conellisions. (Re ference b , precludes inclusion of judgemental conclusions
in the test report).
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SUBJECT: Final Report of Test , Operational Test II (OT II) of Emergency

Repair Shelter for the CH-47 Helicopter , CDOG Paragraph 169N(~)

a. An Emergency requiring the use of the shelter for repairs was never
clearly defined in the Material Need Document. What constitutes a field
site emergency repair can only be based upon the experience level of the

S Maintenance Officer/Technician for that given aircraft emergency to deter-
m ine if a minor fix or major repair is necessary.

- 
b. An emergency repair requiring a shelter must be based primarily

on the type of repair and weather conditions. Time required to locate and
complete repairs on the downed helicopter are additional factors. If
total time in an area is a factor in aircraft/crew safety , then the repair
shelter would not be used due to the additional time required for erecting
and striking the shelter.

c. To effectively use the emergency repair shelter , a lighting set,
and during cold weather , a heating unit is required for maintenance operations.
This is an additional transport burden .on the recovery aircraft.

• d. Normally the climatic conditions which would require an emergency
repair shelter make erecting the shelter a near hazard . Winds above 20 knots
are especially dangerous to the mechan ics on top of the helicopter trying
to install the shelter top section. It must be acknowledged that work on
the CH-47 py lon area is inherantly dangerous and numerous accidents involving
personnel falling from the py lons have occurred .

4. Conclusions. This type of shelter would be more advantageous at a
fixed base location where hangar space is limited or non-existent. For use
as an emergency repair shelter , it is lacking in those areas necessary for
fast erection and striking, lighting and heating. A consensus of mainte-
nance personnel is that the shelter would rarely be used as an emergencY
repair shelter , but would have app lication as a fixed base sheller.

5. Recommendations. 5
.

a. That the word s “emergency repair shelter” be changed to “maintenanoc
repair shelter”.

b. That the shelter be issued as a supplementary shelter on an “as
required” basis, not force issued to units.

c. The shelter be issued as a set , one complete forward py lon and
one complete aft pylon shelter.

FOR THE CC~1MANDER:
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DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed. Do not return it to the
originator.

DISCLAIMER

The findings in this report are not to be construed as an official
Department of the Army position, unless so designated by other authorized
documents issued and approved by the Department of the Army . The use of
trade names in this report does not constitute an official endorsement or
approval of the use of such coinmerical hardware or software. This report
may not be cited for purposes of advertisement.
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ABSTRACT

The U.S. Army Aviation Center conduc ted the Operational Test II
(0TH) to determine whether the emergency repair shelter for the CH-47
helicopter meets the requirements of the approved material need (MN)
during temperate and simulated Arctic conditions. Four shelters were
tested from November 1973 through June 1974 at Fort Rucker , Alabama;
Appalachicola , FL and in the McKinley Climatic Laboratory at Eglin Air
Force Base , FL. Several zippers on the sidewall of the shelter failed
during the test , indicating a lack of durability. It was concluded that
the emergency repair shelter will meet the requirements of the approved
material need for temperature and Arctic climatic conditions when the
durability problem is corrected .
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1.0. EXECUTIVE SUMMARY.

1.1. TEST DATES AND LOCATIONS.

a. Emergency repair shelter test - 1 Nov 73-3OJune 74

b. Climatic Hangar Test - 1-30 Nov 73

c. Blackou t Test - 12 Jun 74

d. Wind T:st - 1-30 Nov 73; 18, 19 Jun 74

1.2. SUMMARY OF TEST OBJECTIVE.

To determine whether the Emergency Repair Shelter and its
associated maintenance package meet the military utility and operational
effectiveness of the approved material need during temperate and simulated
Arc tic conditions .

1.3. DESCRIPTION OF SYSTEM/ITEM .

The shelter is made of a lightweigh t water-and-wind-resistant
fabric with fire retardant characteristics and is supported by a frame
which attaches to the rotor head . It is collapsible and easily erec ted .
It incloses the major components of the helicopter when erected on
each rotor head . The shelter has heat retention qualities and prov ides
protection to maintenance personnel from both subzero temperatures and wind-
chill. It is equipped with a duct to accept heat from an external source
while preventing exhaust gases of the external heat source from entering
the shelter. Ventilation openings are incorporated . The complete shelter
weighs 398 pounds.

1.4. TEST DESCRIPTION.

The U.S. Army Aviation Center conduc ted the Operational Test II
(OT II) in conjunction with the Developmental Test II (DT II) performed
by the Aviation Test Board as a combined OT/DT II Test. Test data was
ga thered by the USAAVNTBD for joint OT/DT II use.

1.4.1. Objectives were derived from the Department of the Army Approved
Materiel Need (Engineering Development) (MN (ED)) (SDR) for Emergency Repair
Shelter for the CH-47 (Reference , Para 36) Helicopter and Military Stand ard
(MIL-STD) 1472A , “Human Engineering Des ign Cr iteria for Mil i tary Systems ,
Equipment and Facilities ”. Criteria for operational/maintenance evaluation
were der ived from the MN (ED), MIL-STD-1472A , AR 70-10, AR 71-6 , AR 750-1 .

_ _ _ _ _  
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1.5. SUMMARY OF PRINCIPLE TEST RESULTS.

A meeting was held at the U.S. Army Aviation Test Board
(USAAVNTBD) on 26-28 February 1974 for review of equipment performance
reports (EPR ’s) and maintenance manual changes resulting from test of the ’
shelter. As a result of the meeting and evaluation of all EPR ’s req u ir in ,~
action , the U.S. Army Natick Laboratories modified the shelter to incor-
porate design improvements recommended by the different agencies. These
change s were evaluated and the results are indicated in this report. A
po int-by-point comparison of the test results with the criteria is contained
in Appendix K.

a. Initial Inspection. The four shelters received for test
were serviceable.

b. Durability . One objective was met and one was partiall y
met.

(1) The zippers in the intermediate shelter wall were damaged
after the freezing rain test; this was considered a deficiency beca use
the shelter could not be closed and would not retain heat. The modified
shelter had a flap cover over the zipper to help prevent water from
entering the zipper and freezing; however , the modified shel ter was no t
tested in freezing rain. (Para 2.4.1.1.)

(2) After 12 erecting/striking cycles , all the rib frames in
the top shelter section were bent at top and bottom attachment points. One
top attachment rib frame was broken. This was considered a shortcoming.
U.S. Army Natick Laboratory modified the rib frame . However , onl y four
cyc les  were accomp lished pr ior to test comp letion . Therefore, the durabil-
ity of the modified rib frame was not determined . (Pars 2.4.1.l.3,d ) .

C . Functional Suitability . Objec tives were met after modifi-
cat ion of the shelter with the exception of shelter weight requirements.

(1) The original shelter had insuffic ient working space , par-
ticularl y around the c ombi ning tra n sm ission and eng ine transm is sion areas ,
and was modified to provide sufficient space for maintenance operations .
Howev er , the number one eng ine cannot be removed using the maintenance davit
due to insufficient space between the helicopter and the shelter wall to
lower the engine to the stand (shortcoming). (Pars 2.4.1.2.3.,a).

(2) Blackout provisions were adequate after outside flaps were
added to cover the zippers. (Pars 2.4.1.2 .3 ,b)

2
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(3) Th e over all wei gh t of the shelter exceeded the MN(ED)
requirement by 98 pounds with the heaviest package exceeding the MN(ED)
requirement by 21 pounds (shortcoming) (Pars 2.4.1 .2 .3 ,c)

d. Effects of Weather. The objectives were met.

(1) The shelter withstood wind s at  40 knots for 3 consecutive
hours . The pitot tube on the CH-47 punctured the shelter. A pitot tube
cover with a blunt end was provided for the t e s t  of the modified shelter ,
and prevented puncturing of the shelter during hi gh winds. (Para 2.4. 1.3 .2 ,c).

(2) Freezing rain and ice accumulation on the shelter caused
the zipper to come apart from the slider prior to the modification .
(Para 2.4.l.3.2 ,c)

e. Transportability . Objectives were met. The shelter was
satisfactoril y transported by 3/4 ton and 2~ ton cargo trucks , and inter-
n a l l y and externall y by UH- 1 helicopter. (Para 2.4.l .’4 .3 ,a).

f. Installation and Removal. Objectives were met after
modification of the shelter.

(1) There were no difficulties enc ountered while erecting
and striking the shelter. No prob lems are anticipated during field
operation in a temperate and Arctic enviornmertt . (Para 2.4.1 .5.3)

(2) Shelter modifications corrected the problem areas found
dur ing earl y test stage . The vent opening for the external heat source
was enlarged to accept the external heater , the ties straps were lengthened
to secure the vent to the heater , and p lacard was stenciled on the APU
exhaust cone clamp to reduce the possibility of incorrect installation.

(3) It can be stated with 90-percent confidence that the
probability that a crew of four men can erect the shelter within 1 .5

-
‘ hours is 96 percent , and the probability that a crew of four men can

strike the shelter in 1.5 hours is 99.9 percent. The erecting and striking
time criterion was met. (MN(FD) ) (Pars 2.4.1.5.3.)

g. Safety . The objectives were met with the exception of the
vent for the helicopter onboard heater. The shelter did not provide an
exhaust vent for the onboard heater . This is considered a shortcoming
because of the hazard created by the exhaust fume s retained in the shelter.
(P ars 2 .4.2.1.3.).

h. Training. The objective was met. The detailed instruct ions
in the publications after numerous word change s is sufficient to allow a
four man crew to  install and remove the shelter without formal instructi on.
(Pa ra 2 .4.’Ll.3.)

3
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i. Maintainabilit y . Obj ectives were met. The mean time to
repair (MTTR) was 0.18 hour at organization al level . Repair was not
required at dir ect and general s ipp~ rt levels during the test. The ratio
of maintenance man-hours to operating hours was 0.0005. (Pars 2.4.4.1. 4.)

j .  Reliabilit y . The ohj~ ctive was met. Test results indicated
that with 80-percent confidence , th e MTBF of the shelter is between 565
and 20 ,844 hours , inclusive . The point estimate exceeds the minimum
acceptable level of 800 hours; therefore , the reliabilit y was achieved.
(Para 2.4.4.2.3.)

k. Repair kits. Objectives were met. Test personnel recom-
mended the addition of several items to the repair kits. The repair kit
with the modified shelter included the recommended items (Para 2.4.4.3.3.)

1. Maintenance Operations , Human Factor s. The objectives were
met. The original shelter did not provide sufficient space around the
combining transmission and engine areas , making entranc e and exit and per-
formance of duties difficult. After modification of the shelter , the work
space was considered adequate. (Pars 2.4.4. 4 . 3 . ) .

m. ~~jui pment Pab licati on .~~ The objective was partiall y met.
Several changes were required for adequate operation and maintenance instruc-
tions for the shelter. The suggested change s were provided to U.S. Army
Aviation Systeni Command . (Pars 2.-~.4.5.3.).

n. Shelter Maintenanc e Ssfe .~~~ The objective was met. There
were no hazards observed to personnel while maintaining the shelter.
(Para 2..~ .3.6.3.).

o. Special Tools and Shelter Storage Requirement.

(1) The Tools and Test t~qui pment objective was met. Additional
tools and equipment , other than those contained in the repair kit , were not
required to maintain the shelter. (Pars 2.4.5.1 .4.).

(2) The -helter requires 25 .9 cu ft of inside space for storage .
(Pars 2.4.5.2. ’~.)

p. le st again st the UT I Shortcomings and Deficiencies.
No OT I was con du cted on the repair shel ter.

q. Deficiencies and shortcomings. (Appexdix J.2)

(1) Deficiency . Several zi ppers failed on the side shelter
w a lls during t h e  test h~ c~ use the zipper pulled and tore apart under stress.

L —-- . ~~~~~~~~~~~~~ . • -- —- ~ —- -•  --- --‘ --S- - -— -~~—~~~~ — - •—-— ~~—



(2) Shortcomings.

When lowering the N o . I engine to the engine stand , the
shelter wall has to be opened for the davit to swing out properl y. There
is insufficient space inside the shelter between the helicopter and shelter
wall to accommodate the engine stand withou t opening the shelter wall.

A l l  r i b  f r a m e s  were bent  at  t h e  top and bo t tom p o i n t s  where
they attach to the center pole. One top attachment point was broken.

The shelter did not provide an exhaust vent for operation
of the onboarci heater.

The m a i n t e n a n c e  s h e l t e r  exceeded the MN(ED) weigh t
requirements.

2. 0. DETAILS OF OPERATIONAL TEST.

2 . 1. INTRODUCTION .

Sinc e the advent of the  helicopter into the militar y inventors’ ,
there has not been a standard lightweig ht , portable repair shelter deve-
loped for use in the field under adverse environmental conditions . The
aviation maintenance shelters described in paragraph 1639 of the Combat
Deve lopments  O b j e c t i v e  Guide (CDOC ) , though adequate for their intended
purpo se , do not su ffice when an aircraft must , in the interest of safety,
land in a remote area for emergency repairs to a malfunctioning system .

The development of an adequate emergency repair shelter will
lessen the logistical support burden for the CH-47 ( ) helicopter by
eliminating the need for costl y evacuation to direct support (DS)/general
support (CS) facilities to accomp lish emergency repair that could have
been performed on site had adequate shelter been available.

2.1.1. Purpose.

Th e sh e l te r i s  des igned  t o  pr uv ide weather prot ecti on to a
mechanic performing emergency field r e pa i r s  to the CH-47 ( ) helic opter
in climatic environments 1 through 8 as cont ained in Army Regulation (AR)
70— 38.  It f a c i l i t a t e s  p e r f o r m a n c e  of m aintenance and inspection when
fixed or semi-permanent facilities are not adequate or available.

2.1.2. Background .

The U. S . Arm y Combat  D ev e l o p m e n t s  C ommand (USAC D C ) i n
1972 , established a new concept for in emergency  r e p a i r  shelter f o r  t h e
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CH-47 hel icopter by detailing a material need (MN) document . The emer-
gency repair shelter was designed and fabricated by Natick Laboratories ,
MA , under U. S. Army Materiel Command ’s in-house program to meet the MN
requirement for an emergency repair shelter. The U. S. Army Test and
Eval uation Coninand (TECOM) was tasked by the Army Materie l Coninand (AMC)
to conduct a development test II (DT II) in June 1973. TECOM directed
the Aviation Test Board , Fort Rucker , AL to conduct the service phase of
the DT II. During this period , IIQ , TRADO C directed the Aviation Center
to conduc t the Operationa l Test II as the user . By agreement of TRA DOC
and AMC , the DT/OT II test was combined for better utilization of materie l
and personnel. The combined DT/OT TI test began in November 1973 and ended
June 1974. While the Aviation Center did not conduc t the Arctic Portion
of the OT test , the lIT II Arctic Test results were used in this report.
Arctic test results were used in this report to compare methodology and
assure validity of test results derived from the climatic hangar tests at
Egl in  AFB , Florida .

2.1.3. Objectives.

To determine whether the CH-47 ( ) Emergency Repair Shelter
and its associated maintenance package meet the requirements for military
utility and operationa l effectiveness as stated in the MN document.

2.1.4. Tactical Context .

The tactical setting was typical of a field emergency repair
site . Personne l were the minimum number required to perform emergency
repairs in a field situation.

2 . 1. 5 .  L imi ta t ions  and Assumpt ions .

Remova l of the rotor heads and ma in transmissions were not
attempted. All component part removal/re p lacement and repa ir work was
assumed to be t ha t  of a t ac t ica l  emergency na ture .

2.2. SYSTEM DESCRIPTION .

The she l te r  is designed to provide weather protection to a
mechanic performing emergency field repairs to the CH-47 ( ) helicopter
in climatic environments I thmugh 8 and contained in AR 70-38. It faci-
l itates performance of maintenance and inspection when fixed or semi-per-
manent facilities are not adequa te or available. The shelter is made of a
lightweight water- and wind-resistant fabric with fire retardant characteris-
tics and is supported by a frame which attaches to the rotor blade . It is
collapsible and easily erected. It incloses the major components of the
helicopter when erected on each rotor head. The shelter has heat-retention

h 
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qualities and provides protection to maintenance personne l from both subzero
temperatures and wind chill. It is equipped with a duc t to accept heat from
an external source while preventing exhaust gases of the externa l heat source
from entering the shelter. Ventilation openings are incorporated. The
complete shelter weighs 398 lbs .

2.3. TEST METHODOLOGY/DESIGN

2.3.1 Test Conditions.

The shelter was installed on the forward and aft main rotor
heads in both temperate and simulated Arctic conditions . Four CH-47
helicopter repairmen (W~S 67U20) were utilized during all erecting and
striking operations . All failures , problem areas and reaction times were
recorded for all activities to include unpacking , assemb ly, erec tion ,
striking , assembly of components, and packing during the temperate and
simulated Arctic conditions . The shelter was erected and struck a tota l
of 59 times on the forward and aft rotor heads in a simulated tactica l
environment.

2.3.2. Dendritic Structure - Table A.

TEST RESULTS.

The mandatory physica l performance and RAM characteristics for
the emergency repair shelter as stated in the rA~ approved ma terie l need
document are the primary requirements for the conduct of operationa l test
(OT II).

2.4.1. ~perationa1 Suitability.

Objective : The shelter must have heat r’~tention qualities
and provide protection to mechanics from subzero temperatures and wind -
chill. It must be lightweight , co 1laps ible and easily erected without the
use of specia l tools or removal of protective gloves or mittens . The shel-
ter must be tailored to inclose major exterior components of the helicopter ,
i.e., engines, rear rotor head and rear pylon . By repositioning , the shel-
ter must be capable of inclosing the front rotor head and py lon to provide
protection to a mechanic working on the exterior . The shelter will be
introduced into an area of operations by airlift , air drop, or surface
transportation . (l~l (ED) Para 2c)

2.4.1.1. Durability.

2.4.1.1.1. Criteria.

a. Shelter fabric : lightweight , water resistant , wind rests-
tant and impervious to fluid damage, i.e., hy draulic fluid , f ue l .
grease and oil (MN (ED), para 2c(1)).

b. Reinforcement must be provided at stress areas. ~~ FPI ,
para 2c ( 2 ) ) .

7
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2.4. 1. 1.2. Method.

a. The shelter was examined periodically during the test for
evidence of hydraulic f lu id , fue l , grease or oil on the shelter ’ s fabric
or other components.

b. Stress areas of the shelter were examined to determine if
reinforcements had been incorporated. The shelter ’s fabric and other com-
ponents were examined periodically for damage caused by normal wear (i.e.,
effects of wind or other actions that caused rubbing or slipping between
components, or repeated actions that caused excessive stress to fabric
seams). Any damage and cause of damage that occurred during erecting, use ,
or disassembling of the shelter were recorded.

c. During the operationa l suitability test , the shel ter was
exposed to 40 knot winds continuous ly for 3 hours .

d. The erecting/striking operations during the climatic
laboratory test were conduc ted under the following conditions:

0 0
(1) Condition I - Temperature from 0 F to -25 F. The she l ter

was erected and struck six times on the forward rotor head . The shelter
was exposed to 10-, 20-, and 30-knot winds after erection.

(2) Condition II - Temperature from —25°F to —45°F. The
shelter was erected and struck three times on each rotor head . The
shelter was exposed to 10-, 20-, and 30-knot winds after erection .

(3) Condition III - Temperature -45°F to -65°F. The shelter
was erected and struck two times on each rotor head. The shelter was
exposed to 10-, 20-, and 30-knot winds after erection.

(4) Condition IV - Temperature of -65°F or below . The shelt er
was erected and struck once on each rotor head . The shelter was exposed
to 10-, 20-, and 30-knot winds after erection .

2.4.1.1.3. Results.

a. The shelter fabric was l ightweight , water-resistant , and
wind-resistant. During the rain test , water leaked around the zippe r seams ,
but did not leak into the work area . After modification (i.e., incorporat ion
of flaps over the zippers), no leakage was noted around the zippers during a
1/2 inch rainfall. The top shelter section tore under heavy wind at the
shelter frame to fabric attachment point along the seam area . (Append ix 1 ,
Fig 11).

b. Fabric stress areas such as guy rope tiedown attachment
points were provided with reinforcements. These reinforcements were
durable during winds up to 40 knots.

9
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c. The zipper on the intermediate she l ter w a l l  conta in ing  the
APU and heater  sleeves came apar t above the slider (Appendix I, Fig 1).
This damage occurred at 0°F and after the frezzing rain test (5 hours)
which included approximately 1/4 inch ice accumulation on the shelter.
The zippers on the other three shelter walls either pulled out or came apart
above the slider when erecting the same shelter at -65°F.

d. After 12 erecting/s triking cycles , all rib frames were
bent at the top and bottom points where they attach to the center pole.
One top attachment rib frame was broken (Appendix I, Fig 2). This
necessitated the frame to be modified for additional strength .

e. There was no damage due to hydraulic fluid , fuel , grease ,
or oil leakages on the shelter.

2.4.1.2. Functional Suitability .

2.4.1.2.1. Criteria.

a. The shelter must permit maximum acessibility to all
py lon components. The frame must also provide a minimum of four feet above
the rotorhead to permit , as nearly as practicable , unrestric ted use of the
main tenance davit outside the shelter , (MN (ED) Pars 2c(3)).

b. The shelter must be capable of being blacked out to the
extent that the light from a standard two cell flashlight may not be seen
from a distance of 1000 meters when the light source is a minimum distance
of 2 feet from the inside wall of the shelter (MN (ED) Pars 2c(17)).

c. Total weight of the she l te r  to include fabric , mast , anchor
ropes , guy ropes and fasteners  mus t  not exceed 300 pounds w i t h  the heavies t
component not we igh ing more than 50 lbs . (MN (ED) Pars 2c ( 18) ) .

d. The shelter must provide openings for positioning around
the rotor blades. Openings must be of sufficient size to allow for blade
removal (MN (ED) Para 2c(4)) .

e. The shel ter must have a means of closing (Velcro) the
ver tical portion of the shelter that extend s below the rotor blades.
(MN (ED) Para 2c(5)).

f. The shelter when mounted over the pylon areas must be
configured to conform to the shape of the fuselage of the helicopter at
a suffic ient distance from the point of attachment of the maintenance
dav it to the fuselage to permit operation of the davit outside the shelter.
(Append ix I, Fig 3). This opening must be equipped with a restraining
device to permit tightening around the fuselage . (MN (ED) Para 2e(l0)).
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2.4.1.2.2. Method.

a. The clearance of the shelter above the rotor head was mea-
sured while using the maintenance davit for removal of major  components to
incl ude an engine , transmission assembly,  combining transmission, and one
rotor blade from each rotor head.

b. To determine the blackout capability, project personnel vis-
ually observed the shelter from several different angles at a distance of
1,000 meters during the hours of darkness. A standard two-cell flashlight
placed 2 feet from inside the shelter wall was used as a light 8ource.

c. Shelter component items were individually packaged, weighed
and measured. The four component units  were weighed and measured .

d. The shelters were erected on both rotor heads with al l  rotor
blades installed. Visual inspection was made for provisions for openings.

e. The means of closing the vertical portion that extend s
below the rotor blades was checke d for adequacy .

f. The shelter was erected with the maintenance davit in-
stalled. The shelter was tightened around the fuselage with the main-
tenance davit installed.

2.4.1.2.3. Results.

a. The shelter provided the specified 4-foot clearance above
the rotor head. However, when the shelter was erected over the aft rotor ,
the following restrictions were noted where the shelter covered the
combining transmission and engine transmission areas:

( 1) Ent ranc e to the shelter in the vicinity of the combin ing
t ransmission was re st r icted , espec ia l l y for personne l wearing arct ic
clothing (Appendix I, Fig 4).

(2) The py lon leading edge hinge fairings struc k the she lter
walls when opening.

(3) Inadequate workspace and protection were provided to
mechanics performing maintenance in the following areas:

a. Combining transmission

b. Oil coolers

I I
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c. Engine dr iveshaft

d. Engine transmission

(4) Use of the maintenance davit was restricted. An opening
was not provided in the shelter for the maintenance davit cable . USANLABS
modified the shelter to provide additiona l workspace around the aft pylon.
The modif ied  shelter provided an entranc e for the davit cable and adequate
workspace for all operations except for the lowering of No. 1 engine to the
maintenance stand. The shelter wall had to be opened to allow the davit to
swing out properly to lower the No. 1 engine and permit access to the engine
stand because there is insufficient space inside the shelter.

b. During the blackout tests , the light from a standard two-
cell flashlight inside the shelter was visible around the zipper seams at
a distance of 1,000 meters. After flaps were added over the zippers , black-
out provisions were adequate.

c. The shelter consisted of four packages. Their weights and
vol umes were :

Package Weight (LBS) Dimensions Volume (CU FT)

Shelter side walls 141 3’5”xl’5”x2 ’5” 11.7

Re pa ir ki t  26 l ’4 ” x l ’ 4”x8” 1. 2

Anchor , tiedown ropes , etc . 160 3’3” x l ’ 3”x l ’ 2” 4.9

Top, shelte r section 71 6 ’5” x l’4” xl l”  8.1

TOTttL 398 25.9

d. Rotor blades were removed to de termine if the openings
were sufficient. The openings provided were sufficient to remove or
install main rotor blades . Openings provided for positioning the shelter
around the ro tor blades were sa tis fac tory (Append ix I, Fig 5). While
the she lter leaked wa ter around the blade ope nings , it did not present a
problem with maintenance.

e. Zippers were provided to close the vertical por tion of
the shelter that extends below the blade s. This method of closure was
satisfactory .

f. The shelter conforms to the shape of the helicopter fuse-
lage when moun ted ove r the py lon areas.

17
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The maintenance davit was installed satisfac torily ou tside the
shel te r when erected on the a f t  py lon. The shel ter  was sa tisfac toril y
tightened around the fuselage with the maintenance davit installed .

g. The following components may be removed , replaced or
repaired with the shelter installed :

(1) Main rotor blades

(2) Combining transmission

(3) Oil coolers

(4) Engine drive shaft

(5) Engine transmission

(6) Engines (note para 4.2.l.2.3.a)

(7) Aft M/R transmission

(8) Aft M/R transmission drive shaft

2.4.1.3. Effects in weather.

2.4.1.3.1. Criteria.

a. The shelter must have a li ghtweigh t telescop ic frame to
support the shelter against the environmental conditions described here-
in (MN (ED) Pars 2c(3)).

b. The shelter, by repos it ion ing, must afford equal protection
to a mechanic work ing on both ro tor head s and pylons. (Appendix I, Fig 6).
(MN (ED) Para 2c(l5)).

c. The shelter must be capable of withstanding wind s up to
40 knots when erected . (MN(ED) Para 2c(20)).

2.4.1.3.2. Method.

a. The shelter ’s frame structure was observed during use to
de termine its ability to support the shelter against environmental con-
ditions encountered . Any damage noted was recorded . Weather information
was obtained dail y.

13
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b. Observations were made during the simulated arctic and
temperate conditions with shelter erected on both the aft and forward
py lon areas to determine if equal environmental protection was provided.

c. The shelter was subjected to wind s up to 40 knots for
3 hours u s i n g  a wind machine .

2.4.1.3.3. Results.

a. The shel ter frame was ligh tweigh t and telescopic and capable
of supporting the shelter during the environmental conditions described .

b. Equal environmental pro tec tion was a f forded mechanics  working
on both the aft and forward py lon areas during rain , ice , snow , sun , and
wind conditions.

c. The shelter withstood winds of 40 knots for 3 consecutive
hours. The shelter wall on the forward py lon was punctured by the p itot
tube and pitot tube cover during the wind test. A pitot tube cover with
a blunt end was furnished with the modified shelter. This cover preven-
ted puncturing of the shelter in 40-knot winds. The zipper on the inter-
mediate shelter wall containing the APU and heater sleeve came apart above
the slid er during the freez ing ra in  tes t.

2. 4 .1.4. Transportability .

1.3.1.3.1. Criteria.

a. Packaged configuration of the shelter must be such that it
can be transported internall y in a utility helicop ter (MN(ED), pars 2c(19)).

b. This shel ter shall be transportable by orga niza tional carg o
vehicles and Army airc r a f t  including s l ing  load . (MN(ED) , para 3o) .

2.4.1.4.2. Method.

a. The shelter in its packaged configuration was:

(1) Loaded into the cargo compartment of a UH-1H helicopter ,
tr ansported , and unloaded .

(2) Transported as a sling load by a UH-lH helicop ter.

(3) Loaded into the cargo beds of 3/4-ton and 2 1/2-ton cargo
trucks , transported , and unloaded .

14 
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b. The number of packages transported and the dimensions,
volume , and weight of each were recorded .

c. The number of personnel , t ime , and equipment required for
each loading/unloading operation was recorded .

2.4.1.4.3. Results.

a. The shel ter was satisfactorily loaded in to, transpor ted by,
and unloaded from the IJH-lH helicopter , 3/4 ton cargo truck , and 2 1/2 ton
cargo truck. The shelter was also satisfactorily transported as a sling
load by IJH-lH helicopter using a cargo net.

b. The shelter consisted of four packages. Their weights and

~lumes were:

Package Weight Dimensions Volume
(Ib) (Cu Ft)

Shelter side walls 141 3’5”xl’5”x2’5” 11.7

Repair kit 26 l’4”xl’4”x8” 1.2

Anchor, tiedown ropes , etc. 160 3’3”xl’3”xl’2” 4.9

Top , shelter section 71 6’5”xl’4”xll” 8.1

TOTAL 398 25.9

c. Two men were required to handle , load , and unload the
shelter. Each loading and unloading operation required approximately
5 minutes (10 man-minutes). No equipment was required .

2.4.1.5. Installation/Removal.

2.4.1.5.1. Criteria.

The reaction times for operation in climatic categories 1
through 8, AR 70-38, with personnel wearing appropriate environmental
clo thing are :

a. Unpacking , assembl y of components and erecting the
shelter shall not exceed 1½ hours for four men. (MN(ED) Para 2f(l)).

b. Striking the shelter , disassembl y of componen ts and
packing shall not exceed 1½ hours for four men. (MN(ED) Pars 2f(2)).

15
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2.4.1.5.2. Method.

The shelter was installed on the forward and aft rotor heads
in both temperate and s imulated arc t ic  conditions. Four CH-47 ( )
helicopter repairmen (military occupational specialty, MOS 67U2F) were
ut ilized during all erecting and striking operations. Reaction times
were recorded for all activitie s to include unpacking, assembly, erec tion ,
striking , assembly of components , and packing during the temperate and
simulated arctic conditions .

2.4.1.5.3. Results.

Four men erected and struck the shelter a total of 59 times
on both the forward and aft rotor heads in temperate and simulated
arc tic conditions.

a. An average of 1 hour and 13 minutes (elapsed time) was
req uired to unpack , assembly componen ts , and erec t the shelter.

b. An average of 59 minutes (elapsed time) was required to
s trike , d isassemble components , and pack the shelter.

c. No special tools or equipment is required for shel ter
installation or removal.

2.4.2. SAFETY.

2.4.2.1. Consideration of health and safety criteria in accordance with
MIL STD 1472A.

1.4.2.1.1. Cri ter ia .

a. The shelter must be equipped with a vent to accept an ex-
ternal hea t source and des igned , or provided instructions , to preven t the
exhaust gases from the external heat source from being drawn into the tent.
(MN(ED) Para 2c(6)).

b. The shelter must be equipped with a ventilation flap .
(MN(ED) Para 2c(7)). (Append ix 1, Fig 10).

c. Two air intake openings must be positioned to coincide
with the two integral air inlets located on the righ t rear of tie hel icop ter
approx ima tely seven feet up from the bottom of the fuselage . (MN(ED) Para
2c(8)).
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d. The rear of the shelter must be equpped with an exhaust
vent to accommodate the exhaust port of the auxiliary power unit located
on the rear of the aft pylon approx imatel y seven feet eigh t inches above
the lowest point of the fuselage . (Append ix I , Fug 7). This exhaust
ven t should be approximately l&½ times the diameter of the APU exhaust and
should be eq”~ nped with mating fasteners that can be affixed to the
helicop ter t. s-cure the vent in position . Non-flammable material will
be used around the imediate area of the APU ethaust (MN(ED) Para 2c(9)).

e. The shelter and provide vent for onboard heater intake
and exhau st located in vic inity of station #120 starboard side of aircraft.
(MN(ED) Para 2c(l5)).

f. There shall be no inherent health hazard in the materials
used for the tent (MN(ED Para 3g(1)).

g. Design and construction of the tent shall impose no safety
risk for erecting , using and striking the tent. (MN(ED) Para 3g(2)).

h. Shelter to be made of f i r e  r e s i s t a n t  m a t e r i a l  or t r e a t e d
for flameproof ing (MN(ED) Para 3g(3)).

2. 4.2.1.2. Method.

a. The shelter was equipped with a vent to accept an external
heat source. An attempt was made to fit the duct of the external heater
(Federal stock number (FSN) 4520-223-3221) to the shelter vent . The
vent opening on the shelter had to be enlarged 2 inches in diameter to
accommodate the external heater. The tie straps had to be lengthened 6
inches to secure the heater ducting to the shelter vent open ing. The
exte rnal heater was cperated , us ing ins t ruc t ions  provided to dete rmine
if exhaust gases were drawn into the shelter. A Mine Safety Appara tu s
Universal Tent kit with carbon monoxide indicator tubes was used to test
for carbon monoxide.

b. The shel ter was inspected for provision of the required
ventilation flaps , and their loc at ion and adequacy were evaluated .

c. The shelter was inspected for provision of the required
air intake openings and their  locat ion and adequacy were evaluated .

d. The exhaust cone provided with the shelter was attached
on the helicopter auxiliary power unit. The cone was then inserted in the
vent opening. The vents  were then inspected to determine if f a s t e n e r s  were
adequate .

17
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e. The shel ter  was inspected for provis ion  of the required
intake and exhaust vents for the helicopter onboard heater.

f. All components of the shelter were inspected with special
att ention given to the materials used for manufacture to determine health
hazards.

g. Spec ial attention was gi~ en ~~ the adequacy of safety
features provided in the shel:er . Hazardous co~di1ions experienced by
personnel using the shelter were recorded. Warning and instruction placards
pertaining to the shelter were inspected for adequacy and location. Hazards
were classified in accordance with par agr aph 3.14 of MIL-STD 882.

h. Shelter material around aircraft APU exhaust was monitored
while APU was operational.

2.4.2.1.3. Results.

a. The exhuast gases from the external heat source were not
dr awn into the shelter.

b. The shelter was equpped with two ventilation flaps located
at the top of the shelter. Ventilation was adequate .

c. The two air intake openings were not installed on the right
rear portion of the shelter .

d. The rear of the shelter was equipped with an exhaust vent
that accommodated the exhaust cone when attached to the APU . The vent
was located on the rear of the aft py lon 7 feet 8 inches above the l owest
point of the fuselage . The exhaust vent was 1 1/2 times the diameter of the
APU exhaust. The exhaust vent was equipped with mating fasteners that could
be affixed to the exhaust cone . The APU exhuast cone clamp could be
installed incorrectl y. A placard “THIS SIDE TO APU” was stenciled on the
clamp to lessen this possibility. The shelter was modified with non-
flammable material around the APU exhaust vent.

e. The shelter did not provide an intake and exhaust vent for
the he l icopter onboard heater.

f. No inherent health hazard was found in the materials used
for the shelter .

g. The top section of the ;helter was difficult to handl~ and
p o s i t i o n  in wind s up to 20 k n o t s .

18
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h. The shelter material around the APU exhaust charred and
melted but did not burn . This area was modified with nonflammable heat
resistant material around the APU exhaust vent (Appendix I , Fig 8) .

2.4.3. TRAINING.

2 . 4 .3 .1 .  Objec t ive :  To determine the extent of required instruction
to erect , opera te , strike and repair the shelter.

2.4.3.1.1. Criteria.

Equipment  p u b l i c a t i o n s  s h a l l  be w r i t t e n  in a manner  so t ha t
operat ional and repair  procedures  w i l l  be logical , clear  and conc ise .

2. 4 .3 . 1 . 2 .  Method.

a.  A four man ma in t enance  team , us ing  the i n s t r u c t i o n  manual
erec ted and removed the shelter on the forward and aft main rotor heads.

b . Opera t ions  performed were m o n i t o r e d  and observed to
determine whe ther  the i n s t r u c t i on s were adequate and whether the sequence
of operation was properl y detailed to preclude the need for formal training
in shel ter  opera t ional  and r epa i r  proced ures .

2.4.3.1.3. Results.

Numberous minor word changes  to the d r a f t  m a n u a l s  were recommended
to enhance c l a r i t y , especially to the  e r e c t i n g  and striking procedures for
the she l t e r . No formal i n s t r u c t i o n  was n e c e s s a ry .  W i t h  the change s added ,
the manual was satisfactory.

2.4.4. MAINTENANCE EVALUATION.

2.4.4.1. Maintainability .

To determine the maint enanc t ’n ial nta in ah i lit v characte ristic ,~
of the shelter.

2.4.4.1.2. Criteria.

a. The mean t ime to repair (M~~ t~i ch .~l 1 n t  exceed :

O r g a n i z a t i o n  l eve l  2 h ou r s

Direc t support leve l ~ hours

General suppor t leve t 8 hours
(MN(ED), par a 5(c)).
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b. The ratio of maintenance (MR) man-hours to operating hours
shall  not exceed 0.01. (~~~(ED) , par a 5(d).

2.4.4.1.3. Method.

The fo l lowing  was recorded d u r i n g  main tenance  ac t ions  on
the shelters : (Appendix L , Par t 1).

a .  Scheduled and unschedu led  actions for each maintenance level.

b. Total man-hours expended.

c. Number of personne l utilized , by MOS.

d. Total downtime in clock hours .

e. Total erected hours .

f. Number of chargeable failures .

g. Administ rative and supp ly downt ime .

2.4.4.1.4. Resul ts.

a. A total of zero (0) scheduled maintenance man-hours was
expended.

b. A total of 1.1 unscheduled maintenance man-hours was
ex pended .

c. A total of 1.1 clock-hours was expended for corrective
maintenance.

d. A total of eight corrective maintenance actions were
required during the test; however , two wcr~ performed at USANLABS and
no repair t imes were available.

e. Four personnel  were u t i l i z e d :

MOS Grade CH-47 Experience

6 7 U 2 F  E-6 8 yea r s
67U2 F E-6 6 year s
671J2F F-5 4 years
67U2F E-4 2 year s
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f. A total of 2.3 clock-h ours of downtime was accumulated .

g. A total of 2,199 erec ted hours was obtained on the shelter .

h . The MTTR was:

0.18 hours Organizational (Based on six corrective mainte-
nance actions performed by the USAAVNTBD . )

O hours Direct Suppor t

0 hours General Support

1. The ratio of maintenance man-hours to operating hour s (MR)
was 0.0005.

j. Achi eved availability (A 5) was 0.9995.

k. A maintenance anal ysis char’~ is contained in Appendix L.

2.4.4.2. Rel iability .

2.4.4.2.1. Cr iteria.

a. The mission MTBF for the shelter shall not be less than
800 erected hours. For purpose of computing MTBF , a mission stopping failure
is defined as any malfunction which the crew cannot remed y by adjustment , re-
pair or replacement using controls , on equipment tools and par ts , within 15
minutes which causes or may cause degradation of performance capability of
the shelter below designated performance levels , seriou s damage to the
shelter by continued operation s , or serious personnel safety hazards.
(MN(ED) Pars 2g(l)).

b. Mission duration will range from one day to 14 days depending
upon the operational mission of the using unit. The shelter shall be
suitable for use 6 hours per day for 14 days with organizational maintenance
onl y (MN(ED) Pars 2g(3)).

2.’~.4.2.2. Method.

a. The shelters were tested by performing a mission which con-
sisted of erecting , use for a specified t ime in performing typical
maintenance func t ions , disassembl y , and transport. The shelters were
erected on both sod and concrete surfaces and in both the climatic
laboratory and natural environment. The duration of mission s and the
number of t ime s each mission w~~c performed are listed in Table B.
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b . A record was kept of the total erected hours , the number of
missions attempted , the number of missions that failed , the cumulative
erected hours at which each failure occurred , and a descr iption of each
failure and the corrective action taken.

2.3.3.2.3. Results.

a. A to ta l  of 2,199 hours was accumulated with the shelter
in the erected state.

b . A t o t a l  of 59 miss ions  were a t tempted dur ing the test , and
two mission failures occurred . The first failure occurred at 102 cumulative
erected hours . The zipper on the intermediate shelter wall which contained
the APU and heater sleeves came apar t during shelter striking at an ambient
temperature of 0°F. This occurred after a freezing rain test of 5 hours
duration during which approximatel y 1/4 inch of ice accumulated on the
shelter. The entire rear wal l of the shelter was replaced due to the broken
z ipper . (Append ix 1 , Fig 9).

c. The other mission failure occurred at 174 cumulative
erected hours. This failure consisted of simultaneous zipper failures
on the other three walls of the shelter and was discovered during opera-
tions at -65°F. Ice accumulation was still pre sent from the earlier
freezing rain test. This shelter is the same one that suffered the
earlier zipper failure. It had been installed over the aft rotor head
during the test. The entire shelter was returned to USANLABS , and a new
shelter was subjected to the test.

d. Although two mission failures occurred during the test ,
the second failure was not considered chargeable for reliability analys is
purposes. It is believed that the second set of zipper failures occurred
due to failure to dry the shelter , in accordance with instructions , prior
to re-erecting it. The shelter was not dried properl y because it was
necessary that testing in the climatic laboratory at that time continue
due to other tests being conducted concurrentl y.

e. For statistical anal ysis purposes , the~~ ponential
distribution was hypothesized . With only one charge able mission
failure occurring , the test results were insufficient to challenge this
hypothesis; therefore , based on one chargeable mission failure in 2,199
erected hours , a point estimate of the mission MTBF is 2,199 hours. It
may be stat ed with 80-percent confidence that the MTBF is between 565
and 20,844 hours , inclusive . Since the pqint estimate exceeds the
minimum acceptable leve l of 800 hours , it is concluded that the required
reliabilit y was achieved .

22

L _ _,_ _  —.~~~~~~~~~~ —~~~~~~~~~ ——~~~~ 
5- - —, -  —---- .---



- .— --—~~ ~~~~~~~~~—

TABLE B.

Mission No. of Missions No . of Missions Scheduled Accompl ished
Hours 

- 
Scheduled _Accomp l ished Hours Hours

6 21 21 126 126

24 20 18* 480 480

48 10 10 480 480

72 5 5 360 360

120 1 1 120 120

240 1 1 240 240

336 1 — 1 336 _336

59 57 2142 2142
57**

2199

*Two mission failures .

**Accumulated during modification and demonstration.

2 .4. 4. 3. Repa i r  K i t s .

2 .4. 4 .3.1. Criteria.

a. Organizational maintenance: Systematic inspection , care
and service to maintain the shelter in serviceable condition . Repair of
the shelter and components will be accomp l i shed  by an unskilled individual
within the capabilities furnished by components and materia l available in
a repa i r  k i t .  Repai r  w i l l  be s imple  and easy to accomp l i s h  and w i l l  not
exceed a maximum of 2 hours  to  accompl i sh .  Depending upon design and
construction of the shelter , simple component part rep lacement may be
made.  Repair  k i t s  w i t h  In s t r u c t i o n s  and s u p p l i e s  w i l l  be f u r n i s h e d  w i t h
each shelter. Precautionary instructions should be included in repair
kits regarding any hazardous materials to be used...(MN(Et~), par s 5(a)) .
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b. Direct Supporc/General Support Maintenance: The 1eve~ of
m a i n t e n a n c e  performed on the she l t e r  is the same at General  Support as
at Direct Support. Selection of DS or CS is based on workload and
proximity. Maintenance support will include : overhaul of the shelter
bod y; repl acement of Velcro fasteners; replacement of snap fasteners;
repair/rep lace guy ropes and tie ropes; and other major repairs. Deter-
mination will be made on economical repair or need for item replacement.
Repa ir units will be forwarded to suppl y for subsequent reissue . Non-
repa irabl e or uneconomicall y repairable items will be subject to dis-
posal. Repair or renovation will be capable of completion within 8 hours
of active work effort. No new or unusual maintenance requirements will
be imposed . (MN(ED) , pars 5 b).

2.4.4.3.2. Method.

a. The parts provided for the proposed repair parts kit were
inventoried prior to test commencement .

b . All repair parts used during the test were recorded as
follows : nomenc lature , FSN , related ma intenance action , sequence
number , maintenance leve l prescribed and recommended , par t life , if
replacement was scheduled or unscheduled , and the reason for replacement
at all echelons of maintenance . Repair parts were compared with parts
replaced for determining their interchangeability, compatibility, and
ease of installation and adjustment. Parts were examined to determine
whe ther they could be rep laced by parts presently in the logistical
system . Unskilled personnel were uti l ized to perform maintenance on the
shelter.

2. 4 . 4 . 3 . 3 .  R e s u lt s .

a. A l ist of repair parts provided In repair kits is included
in Appendix K. All parts listed w- ’re included in the repair kit except
ind ividual sized patches .

b . The following problems were noted while using the mainte-
nance repair kit provided with each shelter:

(1) The adhesive provided with the kit required excessive time
to cure (48 hours) and had no adhesive characteristics at temperatures of
-25°F to -65°F.

(2) The needle in the repair kit was too large for the
fabric and thread .
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(3) The sewing palm was very stiff, and could not be adjusted
to different hand sizes.

(4) The ditferent patch sizes called for in the maintenance
kit were not included in two of the four repair kits. However , five yards
of patching material was included in each kit , thereby negating the require-
ment for individual size patches to be included in each repair k i t .

(5) The sheath for the shears should be sewn into the kit to
avoid loss or detachn~ nt.

C. The fol lowing items were required but not furnished with
the repair kit :

(I) Hook, spr ing snap which holds the guy ropes to the
shelter (6 each).

(2) Throw-away brushes to app ly adhesive (12 each).

(3 )  2’.ipper runners (12 each’).

(4) Webbing for connecting rings.

(5) A metal end in the sheath to house the shears.

(6) Bol ts, base p la te (4 each).

(7) Cover with blunt end to cover the pitot tube .

2.4.4.4. Maintenance Operations, Human Factors.

2.4.4.4.1.  Cr i t e r i a .

a. The design shall adhere to the essentia l princ iples of
human factors engineering and the man/item relationship must be adequate
for effective maintenance operations . The design of the shelter shall
include consideration of factors that affect human performance.  (AR
71-6, App D; AR 70-10, para 1-5k; AMCP 706-134 , Chap 4, 9, 12 , 17 , and
31; and MIL-STD-l472A).

b. Adeq uate space for man , his equipment , and free volume
for the movements he is required to per form dur ing  opera t ion  and maintenanc e
tasks under both norma l and emergency condi t ions . (MIL-STDI472A , para
4.4 ( d ) ) .

I

-—- —- - - -

~ 

——5-.- — ——- —-- -~~~~~~ —--- .- ‘-- - 5 - . - - 5 - 5 - - - ~~~



- .  -5-----—- 5- ----5---- ‘-5- -— —~~~~~—-----——--- - - - 
-,

c . Design f ea tu res  to assure rap id i ty , s a f e t y ,  ease and economy
of maintenance in normal , adverse , and emergency maintenance environments .
(MIL-STD-l472A , pars 4 . 4 (m ) ) .

2.4.4.4.2. Method.

a. All  maintenance of the she l t e r  was observed and any
ph ysical  discomfort  experienced by the main tenance  personnel tha t  was
conduc ive to error , i n j u r y ,  or de lay  was recorded .

b. An inspection of the she l te r  was conducted dur ing  the
in i t i a l  erect ion to determine whether condi t ion s existed that  would
render the shelter unsuitable for test personnel to utilize.

c. Human performance re 1 i ab i li t y  was evaluated in terms
of frequency and consequence of human errors committed while packag ing ,
erecting , using, and striking the shelter. The following test functions
were evaluated to include the consequence of the errors and the cond it ions
under which they occurred :

(1) Operability. The adequacy of the man/item combination
to perform in conformance with requirements , including, bu t not l imi ted
to, shel ter components and procedures required for :

a. Item setup.

b. Connection wi th  other components.

.E~ Operational checkout.
d.  Adjus tments  and t igh t e n i n g .

e. Ingress and egress.

f. Performance of required function .

.&• Accommodation of s h e l t e r  and operator  to various opera t ing
conditions.

h. Adequacy of instructional documen ts and l abels .

(2) M a i n t a i n a b i l i ty .  The e f f e c t i v e n e s s  of the m a n / i t e m
r e l a t i o n s h i p  dur ing  the performance of ma in t enance , i n c l u d i n g ,  but not
l imi ted  to , the components and procedures  required for :

76 
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a. Ease of operations.

b. Detection of malfunctions.

C .  Removal , repair , and replacement of components.

d. Adequacy of instructional documents and labels.

(3) Transpor tability. The human factors aspects which pertain
to transporting the shel ter , inc lud ing , but not limited to , the testing
of components and procedures for:

a. Preparation of the shelter for transport (packing , removal
of projec tions , and fastening down of loose elements).

b. Attaching of cables , hooks , etc., to shel ter.

£~ Pushing , sl iding , hoisting, or l ifting the shelter.

d. Typing down or securing the shelter in the carrier vehicle.

e. Adequacy of instructions and labels.

(4) Erec tability. The adequacy of the shelter for assembl y
under field cond itions, including, bu t not limi ted to, the shelter
componen ts and procedures required for:

a. Pre-erection alignment of parts.

b . Assembl y of components .

c. Sealing of joints.

d. Testing of shelter integrity after erection .

e. Disassembl y of shelter after use.

f. Adequacy of instructions , diagram s, and labels .

2.4.4.4.3. Results.

a. There were no physical discomforts to the mechanics
performing main tenance on the shelter.

b. The shelter inspection did revea l one condition that
did render the shelter unsuitable for personne l to use. Working

27
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space was not suf f ic ient around combining transmission and engine areas
which resul ted in shelter modi f ica t ions  to allow adequate working space.
(Appendix I , Fig 10) .

- c. The fol lowing are resu l t s  of s igni f icant  findings of test
functions that were evaluated :

(1) Operability .

a. Item setup - s a t i s f ac to ry .

b. Connection with components - satisfactory.

c. Operational checkou t - sa t i s fact ory .

d.  Adjus tment  and t ightening  - satisfactory.

e. Ingress and egress - satisfactory.

t. Performance of required function - sa t i s fac tory  a f t e r
modi f ica t ion  o~f the shel ter .  (Subtest  2 . 4 . 1 . ) .

~g. Accomodation of shelter and operator to various operational
cond itions satisfactory after modification of the shelter.

h. Adequacy of instructional documents and labels - not
completely satisfactory . Revisions to the operating instructions were
required .

(2) Main ta inab i l i ty.

a. Ease of maintenance - sa t i s fac to ry; however , onl y l imited
organizat ional  maintenance was accomp lished . (Subtes t  2.4 . 4.) .

b. Detection of m a l f u n c t i o n s - s a t i s f a c t o r y .

£~ 
Removal , repair , and replacement of components. Removal and

replacement of components were satisfactory. Repair , such as patching , was
not d i f f i c u l t ;  however , the adhesive provided required  48 hours of dry
weather  condi t ions  to properl y cure . A cold weather  contac t adhe s ive tha t
would cure in less t ime would enhance th is  repair  act ion .

d.  Adequacy of ins t ruct ions  and labels  - not s a t i sf a c t o r y .
Revisions to i n s t r u c t i o n s  were required (Pars 2 .4 .4 .5 . ) .

28
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(3) Transportability .

a. Preparation of the shelter for transport (packaging ,
removal of projections , and fastening down of loose elements) - satisfactory.

b. Attachment of cables , hooks , etc., to shelter - satisfactory.

£• Pushing , sliding , hoisting, or lifting the shelter - satisfactory.

d. Adequacy of instructions and lables - satisfactory.

e. Tieing down or securing the shel ter in the carrier vehicle -

satisfactory.

(4) Erectability .

a. Pre-erection alignment of par ts - satisfactory .

b . Assembl y of components - satisfactory.

£~ Sealing of joints - satisfactory.

d. Test ing of shelter  in t eg r i ty  a f t e r  erect ion - satisfactory .

e. Disassembly of shelter after use - satisfactory.

f. Adequacy of instructions , diagrams , and labels - not
satisfactory. Instructions and diagrams required revision .

2.4.4.5. Equipment Publication s.

2.4.4.5.1. Criteria. The equipment publications contained in the maintenance
test package shall be complete , accurate, easy to ready, consistent in nomen-
cla ture , simple to follow , and adequate to complete both scheduled and unscheduled
maintenance operations and parts acquisition at all levels of maintenance 

..(AR 750-1, pars 2—9 , 2-23 and 2-26).

2.4.4.5.2. Method.

a. The maintenance instructions contained in the maintenance
package were reviewed for simp licity, clarity, and completeness. Terminology
and nomenclature were evaluated for conformity. An evaluation of the
adequacy of personnel and equipment safety instructions was made. Diagrams
and illustrations were examined for accuracy and completeness . Inadequacies
in the publ ica tions were reported .
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b. Maintenance operation s performed were monitored and
observed to determine whether the instructions were adequate  and whether
the sequence of operation was pr~ perl y d e t a i l e d  for the leve l of t r a i n i n g
possessed b y appropr i a t e  ma in t enance  personnel .

c.  Maintenance package l i t e r a t u r e  char t s  were prepared .

2.4.4.5.3. Results.

a . Numerous minor word ing change s to the d r a f t  manuals were
recommended t o  enhance clar ity , especiall y pertaining to the e r e c t i n g  and
s t r ik ing  procedures for  the she l te r .  An in formal  In-Process Review was
he ld  at the USAAVNTBD on 26-28 Feb 74. At this time all recommended changes
from tes t  agencies , as well  as the test sponsor , were reviewed , consolidated ,
and prov ided to the US Army Aviat ion Systems Command representative for
rev ision of the manuals.

b. The maintenance package literature chart is contained
in Append ix L , Page 10.

2.4.4.6. Shelter Maintenance Safety.

2.4.4.6.1. Criteria. Unsafe characteristics involving maintenance of
the shelter will be identified .

2.4.4.6.2. Method. Safety aspects of shelter maintenance were evaluated
throughout the test.

2.4.4.6.3. Results. There were no haza rds  observed whi le  personnel were
maintaining the shelter.

2.4.5. SPECIAL TOOLS AND SHELTER STORAGE REQUIREMENTS.

2.4.5.1. Tools and Test Equipment,

2.4.5.1.1. Objective. To determine whether the tools and equipment
authorized in the using unit are sufficient to maintain the shelter.

2.3.5.1.2. Criteria. Additional tools or special equipment for maintaining
the shelter will not be required .

2.4.5.1.3. Method. The shelter was maintained using tools and equipment
available to the testing unit.

2.4.5.1.4. R e s u l t s .
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a. Add itiona l t~ ols and equipment , other than those contained
in the  repair  k i t  were not required to maintain the sheiter. (Append ix K ,
Part 3) (Para 2.4.5.1.)

b. The tools and test equipment chart is contained in
Append ix  L , Part 3.

2.4.5.2. Shel ter Storage.

2.4.5.2.1. Objective to determine the cubic feet of storage space require-
ment.

2.4.5.2.2. Criteria. The burden of extra storage space will not be excessive .

2.4.5.2.3. Method. Each shelter package was weighed and measured to determine
total weight and volume .

2.4.5.2.4. Results. The shelter consisted of four packages. Their weight and
volumes were :

PACKAGE WEIGHT (LB) DIMENSIONS VOLUME (CU FT)

Shel ter  Side W a l l s  141 3’5” xl’5”x2’5” 11.7

Repa ir Kit 26 l’4”xl’4”x8” 1.2

Anchor , Tiedown , Ropes 160 3’3”x l ’3”xl’ 2” .9

Top , shelter section 71 6’5”xl ’4”xll” 8.1

TOTAL 398 25.9

The shelter will require 25.9 cubic feet of inside storage space .

2.4.6. TESTING FOR OT I SHORTCa.IINGS AND DEFICIENCIES

No OT I was performed on the shelter.
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A . GLOSSARY OF TERMS AND ABBREV iATIONS.

-i . A
1 

- A chieved availabilit y

h . ACN - Action control number
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c. APP - Append ix(es )

d. APU - Auxiliary power unit

e. AR - Army Regula t ion

f. CTP - Coordinated Test Program

g. OTP - Out line Test Plan

h.  UT II - Operat ional  Test II

1. Cu f t  - Cubic foot  ( f e e t )

j. D.S. - Direct support

k. EPR - Equipment performance repor t

I .  F - Fahrenheit

m. Fig - Figure

n. GS - General support

0. lb - Pound

p. MIL-STD - Military Standa rd

q. MN(ED) - Material Need (Engineering development)

r. MOS - Military occupational speciality

s. MR - Maintenance ratio

t. MTBF - Mean time between failure

u. MTP - Material test procedures

V. MTTR - Mean time to r e p a i r

w. No - Number

x.  Para  - Paragraph

y. RDTE - Research , d e v e l o p m e n t , t e st , and e v a l u a t i o n

z .  Ref - R e f e r e n c e
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aa. SDR - small development requirement

bb . USANLABS - US Army Nat ick Laboratories

I
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A. OUTLINE TEST PLAN (OTP)

DATE : 10 Sep 73

REVISED : 8 Apr 74

TEST TITL E: Emergency Repair Shelter for the CH—47 Helicopter Operat ional
Test II

TEST TYP E: Operational Test II (OT II)

TEST PROPONENT: The U. S. Army Training and Doctrine Command (TRADOC) .

TEST SUPPORT UNIT: The U. S. Army Aviation Center (USAAVNC) .

TEST ACTIVITY: Test and Evaluation Division , Deputy for  Developments ,
U. S. Army Aviation Center will conduct a combined UT II/DT II with the
U. S. Army Aviation Test Board .

TEST UNIT: No TOE unit , per se, will be utilized during OT II. Personnel
will consist of the sam e personnel being utilized in the ST Phase of DT II.

DA STAFF PROPONENT: DAFD—AV .

TEST LOCATION: U. S. Army Aviation Test Board , Fort Rucker , Alabama.

TEST DATES: Oct 73 through March 74.

1. REFERENCES:

a. DA Approved Materiel Need (Engineering Development) (MN(ED)) (SDR)
for Emergency Repair Shelter for the CB—47 Helicopter CDOG Paragraph 169n(16)

b. AR 70—10 (DRAFT)

c. AR 71—6 Oct 72

2. PURPOSE: To evaluate the military worth of the shelter in aiding
personnel making emergency repairs on the CH’-47 under all weather , day!
night and under any climatic conditions that may be encountered where the
CH—47 may be deployed .

3. OBJECTIVES:

a. Objective 1: To determine the operational suitability of the shelter.

1.1 : To determine what emergency repairs can be conducted utilltir.g
the shelter.

Al
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1.2: To determine if any special tools or equipment are required
to erect the shelter.

1.3: To obtain data for reliability and maintainabili ty characteristics.

b. Objective 2:  To determine training and safety requirements .

c. Objective 3: To estimate the additional burden placed on a using
organization in terms of special tools and storage requirements.

4. SCOPE AND TACTICAL CONTEXT:

a. Scope : OT II will determine if the emergency repair shelter is
adequate to perform emergency repairs on the CH—47. Test results will be
used to determine if the system fu l f i l l s  the purpose and operational
characteristics of the DA Approved (MN(ED)) .

b. Tactical Context : The tactical sett ing for  OT will be typical of
an emergency field repair site. Personnel will be the minimum number
required to perform emergency repairs in a field si tuation . The methodology
used is to be determ ined .

5. TEST RESOURCE REQUIREMENTS:

a. Test Directorate:

(1) Personnel Requirements:

Position Grade Qualification Number Inclusive Dates Source

Deputy Test CH—47 Qual 2—4Q74 USAAVNS
Director LTC/MAJ Aviator 1 T & E Br

Evaluator MAJ/CPT “ 1 “
WO/ GS

(2)  Special Equipment Requirement. No requirement in addi t ion to
DI TI requ i rements .

b. Player Participants. No requirement for this tes t .

c. Test Faci l i t ies /Base Operations Support .  None required .

a.  Item s to be Tested . No requirement in addition to DT II
requirements.

e. Data Collect ion , Processing, and Analysis.  No requirement In
addi t ion to DI 11 requirements .

f .  Ammuni t i on , Missiles , and Pyro technics .  None .

A 2
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g. Other Resource Requirements. No requirement iu addition to
DT II requirements. No POL requirements in addition to those for DT II.

6. TEST MILESTONES :

a. Outline Test Plan OT II Sep 73

b. Detailed Test Plan DT 11/01 II Sep 73

c. Start  DT Il/OT II Testing Oct 73

d. Complete DT II/OT II Testing May 74

e. Final OT II Report of Test Jul 74

f .  IPR Oct 74

7. COST SUMMARY :

FY 76

OMA 0* L

RDTE 0

PENA 0

TOTAL $0,000

* Since this test is to be conducted at the USAAVNTBD , Ft Rucker , AL ,
there will be no cost for  conduct of OT.

8. POINTS OF CONTACT :

Agency Mailing Address Location Autovon

Natick Labs General Equipment and Natick Laboratories 995—2523
(Mr . Donald Packag ing Laboratory Natick , MA
B. Shaw) Natick , MA 01760

USANC USATECOM St .  Louis , MO 870—5102 /4971
(Mr . Dave Hillm an ) Avn Test Directorate

IJSAAVNTBD President Ft Rucker , AL 558—61 12/441 8
(Mr . Paul Brand ) US Army Avn Test Bd

ATTN: STEBG-PO-O
Ft Rucker , AL 36360

A 3
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Mailing Address Location Autovon

USAAVNS USAAVNS Ft Rucker , AL 558—2405/5805

(CPT Loel Ewart) Deputy for Developments
D435
Fort Rucker , AL 36360

TRADOC TR.ADOC 
Ft Monroe , VA 680—4243

LTC Haaland ATTN : ATCD-CM
Ft Monroe , VA 23351

A 4
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TEST C~)ST ESTIMATE

D~.TE PREPARED : 16 Nov 73

TEST CH-47 Emergency Repair Shelter 01 II  OTP fl~TED: 9 Oct 73 
-

TEST LOCATION : For t Rucke r , Alabama

Fund requirements reflected below provide for direct costs to conduc t the t e s t .
Estimates are based upon and provide fund s to support only those resource
requirements stated in paragraph 5 of the associated Outline Test Plan.

CATEGORY OF COST APPN ~~
_____________________________________________________ _________ 

75 
_______ _____

‘L. TEST DIRECTORATE OMk - 0

2. PLAYER PARTICIP ANTS OMk 0

3. MSE OPERATIONS SUPPORT/TEST FACILITIES OMA 0

4~ * SUPPORT OF ITE~~ TO BE TESTED. 0

(IF APPLICABLE). 
V

5. TEST DATA COLLECTION/ANALY SIS

a. Purchase of Instrornontation/Equip 0
b. Other (Equ ip  Renta l , Contract  Sp t)  OMA 0

6. OTHER COSTS

a. Pretest Training OMA 0
*b. Simul ators , T~ rgcts ~ Spccia l Equi p 0
c. Contract StudiQs of Tech Support OM~\ 0
d. Photographic Suppot t ONA 0

~~~~ Other 0

7. TOTALS _____ ____

a. OMA 0
b. RDTE 0

G~~ND TOTAL

A 5
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B. Troops, Support and Resources Required .

NONE
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C. Schedule of Major Test Events.

EVENT DATE

1. Cl imat i c  Hangar Test  1-30 Nov 73

2. Wind Test 1-30 Nov 73; 18 , 19 , Jun 74

3. Blackout Test 12 Jun 74

4. S t r ik ing and erect ing 1 Nov 73 - 30 Jun 74

_ _  _ _ _ _ _ _
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D. Environment Factors.

NONE
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F. Test Date  Tabu la t ions .

NOT APPLICABLE

E 
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F. Pre-Test Training.

NONE REQUIRED

F
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C. Test Budget and Actual Cost

ONA (in thousands $)
El ements Test Budge t Actual Cost

(1) Test Directorate 1.61 0

(2)  Player participants , 2.52 0
operations , and maintenance ________

TOTAL 4.13 
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H. Instrumentation Employed.

1. Wind machine - wind measuring device (windspeed)

2. Temperature probes

3. M c K i n l e y  C l i ma t i c  L ab o r a t o r y  (Eg l i n  AF B , FL)

4. Stop watch

5. We ighing scales

6. Tape measuring device (in feet)

7. Blackout test - flashlig hts

H

- —— -- 5- - . 5 - V  V 5 - .~~~~~V .



k~~to

5- 

5- 

.~~~~~~~~~~~ 

~~ ~
,

V 

;~;;; 
~~~~~~~~~~ 

~~~~~~~~~ ~~

- 

5- 

~ . ~~
‘ £ ~~~~~~~~~~~ 

~~~~~~~~~~1.

5-
. 

~
— 5- .

‘ 
‘ 5- 

‘ 

‘
5-
.. ~~

• ~~~~~~~~~~~ ?• .‘ .~~~
. . ..

;/V I ~~~~P 1V: I~ ~V \ 1  
~~~~ (~~ 1( 1- ’ ~~~~~~~~~~~ 

(~j~f~•.J I

I- 5 - i  
t

I I



I P }i ot ~

•j~. V

5- 
*

5-

5-,.

-; I ~~V~~V rI 5 -:R 101’ R h ;  I ~~~~~~ R0KE~, A I I . -~
( . ‘‘j ’~~] ~~~~~~~

I 1 ~~. .I
~~



I Ph~~~ t~~~

3

__  

: 
fr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.

-
~~--

V 
_

-- 
~~~~~~~~~~~~~~~~ II~~II 

~ 5-

—

V - 5- 5-
~~~~~~~~~~ 

- ~~~~~~ 

V~~~~5-~~~~
5-
~~~~~~~~~~~~~~~

V __5- •~_ Vf~~ 
. 5 - s .  

~~~~~~ ~~~~~~~~ 
.. . 

.

~ 
,.

~
.... - 

. 
. -~/ 

5 :.. - 5-

~~~~ .~~~~ • - L ‘..~~
• 

~~~‘ ~.( 5- . . - . 
. 

— -

V 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ .• M,jt_ _ _ ;  ,.. ..‘ , •.. .
-
~~~~~~ ~1-q- 

-

~~I ~ L1J iVE 10 V \ I R I I~ ,\~~~

I-
. -



I Photo

_ __

~~rL

- 5-
;’ ’()j) I I I  I- I - !~.I I -~t l F  V •\~~~} A R !  .

5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- V V
~~~~~~~~~~~

I Photo

V ~~~~~

V . , . : i .  

VVV ~~~5-



I Photo

-
~~~~~

--- -~-rl~~~~~~~~ 

-

~~~~~

‘ . ‘p 

. 
~. ~: . 

_ _ _ _

) ..:~~~~ • ____________

- 

~~ _

I t  I ~_ ~~~~~~~~~~ ,~~:. 1~1 _ ‘V , j ~ ~~~~

5 - V  ~~~~ — - —  V -- -~~~~ V - -V . -— -- — -V-V.--



V _ 5- VV~~~ V V .  5 - V 5 - 5 -  ~~~~~V 5 -  ~~ V — - ----— —- V -~~~

I Ii ~

-U—— 
~

5- 
-
~-— 

1 .. -
_

~:

I V

_ _  

/  ~~~~~~~~~~~~~~~~~~~~

_ 
- ~~~V V ’ 

~44~~

.V \ I I  V : ,: i V
., ,~~~~

_
~~T lIIl ~0l li 5 - l i  II- ~\I V~~ _~, I . 1

I..~ /

1 7

_ _ _  .5-— V V . V V ~~~~~~~~~~~



~~~~~~~~~~~ V 5 - V V 5 -~~~~~~~~
V V  . V V~~~ V -V  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I Phot~’

V V 
- 

-

— V 
_ _ _ _ _ _ _

—  ~~~~~~~~~~~~ 

5-
~~#~~~~~~

V 

~~.N - __ _ _

C i I V V~H I~ F .I ~ I 
~~~~~~~~~~ ;I< ()l ~-, I ~~ I

I5-~~~~V I i , . 8

V 
V . 5 - V ~~~~~~~~~~~~~~~~ V 

V -



-- V. V-5 -5 -V 5-~~~~ 5-V- V.V V V V.V-~~~_V_V~V. VV- 5-

I P hoto

~.-—

— ~~~~~~~~

gx
~~~~~~~i }:~__ V

~~~~~~~~~~~~~~~~~~~~~~~
t

~~~~~~~~~~~~~ 
~~~~~; : .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~ -
~
r-i;;

~~ ~A__________ S 
_____

1~
5-- -- --— -

- 
~~~I- ~ F’II I.I ;~ I- . ’;

I I !  I ’

J 1



I Photo

~~~~~~~~~~ 

___ _

___ _  _ _ _  
_ _  

5-

_  

~~~~~~~

tV5-

VV~5- _ _ _

•rr— — r-v_

5 , -

ii - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L I I I ’ I V A h  l I I I I L ~

-~~ t I t ,

V - -



V ~~~~~~~5- 5 - V V 5 -~~~~ 5- V-5- 5-~~~V-5- ~5-~~~~~~~~~ V

I Photo

. 5-.,

.5- ,.,
’

• 

~ 

~!

_ _ _ _ _  

I

~ I II I V[ . (
V~

p  ~. } ~~~.
V~ • V j  ( . V ’~~. i V A : ~ EIPI’E I) . \ V I V  ~~~~~~~~~

1 1

I 1

-- - - -  - -  
V V . 5-~~~~



- V .—.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S
C.5-, c’

0 U . o  . .
— U 04 04 04 (N

— C C 0) 0. — .—. — — —

-~~ ,.I .4 1.1 ~ s~4 J 1 4 5 b D  . .
04 U U 5 0 04 04 04 04 (N

14
.~~ U) 0. 0) ‘5 • .C .C .c .~~ .~:
0. -4E 0.t5 0. 0. 0. 0. 0.

S S S
C) 1 4 0 ) -  14 14 Ii 1.1 14

DO 4.~ ‘4-4 0)C.~ bO DO DO aC
S •—4 Co • (5 ‘5 (5 (5 (5
14 4~~~~~~~~14 .—4 14 14 1.. 14 14

• (5 . C S U  • (5 ‘5 (5 (5 (5
0. U) U U • ,-4 0. 0. 0. C. 0.

• LI t.’ 54
U 0. U U )~~ t U DI 54 U U
U O U C U  • 0).’ 51 .5- 54 U 5)
Cl) 0) (5 U) U (N Co Co 15 Cl) •0 Cl) Cl)

E-

.~~ f-i ,_4 —4 (.~ (N (N 04
5- . • .

I-I 1~~ — — S—I — — — -,

~~~E-4 . . . .
-1~ -~~ -~~ 

.•t ‘~~

< C o  04 (N 04 04 (N (N 04

Cl)

z ~
~~Z ~.4 

. .,.~ U
U) 4 )  U ‘4—I 0

~I-• C~) - U) ~~~ ~.a ~~. ~~
5) 5) . •

f-I ~~ 4 J U) .,.4 14 4-4 (0~~~~~1 4 U  Ø) -4 1.’
U) Co .C~~~~~~~ 5 U -4 15 E U ~~~~~4 4 U U  ‘5 0 • 0 4 )

bO O s-I ~~~C D 0 . u o  ~- 1>  11.4 —~~~
f-i E-~ ~~~~~ 4 ’ 4-4 .C .C O 5 4 4 .4 ‘-4 .-I 0 0  .

U >  U bO U) —I . 4 5 C 0 1 4 W  U) U
(5 .,.4 4) ~~~~~O . -4 4 J U U  0 ) 0)  D O ’  ‘~-~

4 ) 5 4 . - I  U S ) .’ (50.5 O~~~~~ . 0 1 4  C U)
_, s-I .~~~~0.s-l 5-0 

~ - .C 5-0 S E  V W O  •.-~~ U
U U U C  O t C (5 14

,~~ 0 4 ) 0  U C 4 - J  o~- 0  U S  a .—’
5-4 Ii .-4 DO I-’ LI .I 44 .C 5 .4 0 (5 0. — U

.~4 1 4  E C ~~ s - i  0.0 ~~~~~
‘ C ~~~s 0 s - 4 0 r - I  1 40 , . I 1.. (5 .0

14 0 . 1 5  U , - I > O U ~~~ U) 0 ) 1 . .
.0 0. ( 5 0 . 4)  0. >,. 0 4J ..-i b 0 1 4  ~ ) 0 ~ 

Q)
5 5  0 . 1 40 . 0 5)  C O  .1 4) . C U )

4 • U 5 4 5 4 54~~~ IJ 0 . 1 . iS Q  ,-1 4-4 > 0  4) 4) 5)
• 0) s—I .0 5 0) s-I C) C 5 0 1-. ~- ~~~

‘5 “-4 iS O C  5- . - 4 0 U . - I C5 U~~~ 14
.C .. ‘~~~~ 

4) .C U O  Ø i S U ) . C U C  0 .0  0 .U  ~~~~ Q s- .
U) U) 14 • ‘-4 1.) 0 4) 0 ‘-I .C .0

0 U G J ’-4 C • 0 c 5  ( 5 4 )  ,-~ 4) 4) 4 ) 5
U U C  5 1 5 5 >. ’  4) U I I C .~~‘S  0)

U S D 0 5  ~~~ S 5 U  • U > 0 .. s - 4  5 1)  ~~~~~~~~1) 0 1 4 4 4 1 4  > s O ) O CS 0 ) 0  5 5  5 4 ) 4)
1 4 4 ) 5 0 )  5 ‘4-1 0) U 0 . C U ) 5  4) 4) 0 (-. 0
.00)5(5 54 1-. W C  14 . . . 15 1 5( 5  s-I 1 4 0  1 4 0 1 4

B 0) 0 .5 U s -1 U U S )  U 1 4  U 0 .
14.4 15 5) U U .,.1 U 4-1 .4 5) 4~ >, .5 .5 (4 4.4 (5 4) (Ii

4) ‘0 14 U 0. Si s-4 .0 5 44 s-i 4) • Cl) -s4 , —a — .5
~~~ $.i 14 ,.4 00 14 U O U . 0  U . - 4 c 5 W 1 4  14 ‘-‘ 1 5  U D O
~~ 5 4 1 0  0 -  ~5 U Q ) .4 . 5(0 1 4 1 (4 15 11.1 0) . 5 5  . 5 0
~.) U 1 4 .— I  (1.4 0) U ) U ) ~~~~~~14 ( 0 (0 ( 1 - I  0 ) 0 4 )  .1) 03.4 U).4

~-I — O ) ~~4.4 s-~ 5 5  0 ) •,-4 () U -15- S ‘ C 5 1 .10
I-I 5 ) 4)  0) .4 0) W .—4 15 U) 5 ) 0 4 4  0 ) 4 )  54 5 4 0  5 ) 1 4 — ’
o~ .5~~~~~ 0 5  0 ) 1 4  ,,5 W b O W .5 U . 5 9~4 U ) U ).5 .4 .5.4 .5 5 ) 0)
0 tl)~~~~~U ’4-4 ~~~ 5 f - I U5 ’ t)  (-i CS f-I O ( 5 5 U )  . Q  f—i l) E - > . 0

_ 
_ - - -

s-I (fl Cl) —Vt —Vt
5-- ‘- 5-- 5--U 0 s o  - u  •C) - O  .0

-~~ 04 ‘. 04 — -- 0 4  (N 04 04
0 ~~p~ 144 (5 144 (5 1445 (44 (5 (44 (5 144(5
) 

~~~~ 14 5- _- 1 4  •_ V 1 4  •_ 1 4  V~ 14
o v s v s  ~~~~(5
U’) ~~~ 0. Z 0 .

I-
I—I — ‘.4 Cl) -1 5f~ -.C5- N. 

5-~~~~~5- VV ~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~ ~V _ _



_ _ _ _ _ _ _ _ _

-0 C.) ‘0 4-I

(N -
• (“) Cl) C.’) Cl)

s-I — — (N
04 .

- 04 04 04 ‘-I

-
~~~~~~. —:; —c;
(‘4 (5 .

(N 04 4 (‘4
In -
.5 (l) .5 .5 .5 .5

0. 0- 0- 0.
(5 s-I (5 CD (5 (5
4.1 • 4-1 4.. 4.1 14

DO DO DO DO
(5 . (5 (5 (5 (5

14 4-. 14 14
(5 . (5 CD (5 (5
0-04 0. 0. 0. 0.

5) 44 5) U
4)0 0) 0) 0) 5)

Cl’) (5 Co Cl) C!) Cl)

- .  I n 1 4~~~ Si
(5 4.1 ‘0 4 - ’ W 0  . 5 4 ) 4 )  0
5 5  0 ) 5 ) 4) 4 )  I 4 ) (5 5Q U  0

4) 14 4) I C — 0.4) ‘0 4) 0. C .4 4.1 ~ I 14
5 4 ) 4 )  5 0 5 0 0  U 5 ) ,-4 0- I I • 0 0 1 4 0  > 0 . 4 (5
DI 0 1.) 4) .1 .4 0 .0 5 (5 X .-.~e In I C — 4) 0) 0.4-) CD 4.. V -
> ‘0 ~ ~< U > 4-) .4 0.4) 0 0) 4-) (5 .—~ 0 4-~ .4 ‘0 DC

C 0) .5 .4 14 — 4) .1 5 0) —4 (4) 14~I 0) .4 0. 5 0- U > (5 C
(5 (5 • 4.1 C5 (5 .,-i SJ .5 0 U 1 4 0 .5 I n  0 1 4 0 .5 ( 5 0) -s-I

(5 0) 0 ( 5 . 5 4~1 D 4 - ~~ 0J ,.-1 4 J . 4 > ,(D DC . ‘ 0 )< 4 ) 0 0~~~~~’0 .5 .C C
. 5 4) 5 . 50  .5 0. 5 1 C 5 > >~ .5 .. .I ,5 5 5 1 I n 1 5  .5 4-4 .’ 4 ) 4 ) 4 4
4 ) 0 0 4 ) 4 )  4) s - 4 U 5  ‘0 0 0 . 0 ) f- I UX ’ 4.C 0 0 4 )  U C - . ’4-4 G) .4 .1)
. 4 1 4 . 4  5 .4 5 1 ( 5.5 0  5)00. > 4 ) 5 ) 4 ) 4 ) 0 .  .5

.0 1 4 4 ) 1 4  .0 5  ~~~~0 (5 (5 0) 4-4 1 40 . 5  C C  DC
0 (.4 0 DO ‘4.4 5 > (i-I .0 • C 5 0 C .0 4) ‘0 (5 ‘0
‘0 ( 50 1 4 5  ‘0 4)5)14.4 4 . J 0 1 4 0 D (5 Q) .,-4 P.. 4)~~~-4 ((4
0) 1.. ’4-I~~~~ 4) 15 4 . 4 0 0 .  1 50 (5  4 ) 0
0.4)4-4 (5 0. 0 5  0 0 0 - - I S ) 1 5 C 50 4~1 ’ 0 4~4 I n
0.(5 ( 5 1 51 4  Q. 5 •s4 14 E s ~~~~~. 5 U~~~- 4 1 4 w . 4 U 5 0 C s  ‘0’S
. 4 5 ) 5 4 4’ S  .4 IOU .44).55)0..5~~~~~X U C 5)

0 ( 4 ) 0 4 ) 4 4  1 4 0 X  0 ( 5 0 . 4-) ‘-I > 14
( 5 bO 0 DO~~~~~1 4 U  W 4 ) 0 (I - 4 C0 ( 5  ‘0 ’4-’ ~~4 C 5

4) —. ‘0 DO C 4) 5 4) (1.4 4-1 (4 C .4 (4-4 • V - 0) 14-I 5) (5 0 ~O 5) U 0. C~.(5 0 )  .-4 .4 4.) -4 4) 5 ) 0 0 . ( 5.5 ..-4 51 0 . 4 b e 0 U 0 D I
S ) C’ 0 4~10) 4) 5 5 1 .55 U C 4 4 1 4 Co W . 0  0. 4 ) 1 4 4 - 1  5 ( 1 - 4 ( 5 5. 5  . 0 0

14 .4 15 .0 .0 0) .5 00 4) .5 0) .5 (5 .5 14 ~ 0) 0) (5 C ~ ~4 4 > 0  0.4.1 .~I >  I n > 4 ) 4 ) 4 ) 4 )’ S 5 1 0 .0 5 1 U..-4 S O U l . )  . 1 4 )
4 ) 4 ) 0 ( 5 5  4.1 0 1 4 5 1 •  1 4 0 .) s - 4 4 )5  U 0 ( 5 1 5 ’ 4 - I E r D I

(5 .5 15 0) 0 ) 4 4 - i  4) 4 - 4 0 4 4 4 4 5 0 5 5 1  .5 0 . 40 1 40 0
O U C L X 1 4  0 • 5) 4.4 4) DC . 5 m~~~~~~w ’ 1 - 4 0 05  (50 5 > 5 1 4 - I ’S 5 ) 5 - . - ,

4) ‘ 5 0. ,)~ .4 .5 >-. (5 ‘-‘ 0 .5 .5 (5 0) 0 5) 5) 5 .0 4-’ 0. . .
5 4., (5 (5 4) — (5 4.1 4) r-. 4) (4) .1 .0 (1) —1 .-4 — 4) 4—’ C DO o

1 4 ( 5 0 5 ) 5 1  14 s--4 4.1 5 ) 0 )  4-4~~5 1 4  C ‘0 4-’ .0 1 4 4) .5 C 0 ) 0 C~~~, i (
5) 5() 51 4-I 5 5 ) 5 4 ) 1 5  O X O C > , s - 4 4) ‘0 ( 50 ( 54 4  (5
4 ) 4 . 1 . 4 ) 1 4  4_I -,-I ’ 50 ( 5 0 0 ) 0 . C — ’ 0 5 5 1 .5 4 ) E . C  4 ) 0  .4.5

< ~—1 0. ’S 0 -45 ~ .I 54 - i  8-. 4 4 0 . 5 1 .5 0 4)  5~ - •
I—I 5 ) 4 ) 5 4 4) 0  0 ) 0  I’IO’0.4 C 5 C 4 - ~~~’ 0 4 -~ > 4 - 1 0 1 4 ( 5  4) U 0 . 1 ( 5 b 0 - —~~~. 5 0 5 5 1 5  5.4 4 J ( 5 ’~~~5 ) C5 4 )  ~~~~~~~~~~~~~~~~~ .5 - ~4-i 4) (5 5-V 5 5 -
(a4 (fl ’) bO W 1 5 4 )  (5 . 4 4) 0 . 5  4-1 1 4 ) 5 I n 4 - 4 1 5 1 5 1 4 4) 1 1 . I 5 0  I n I n 5 )( 4 . I4) -i -.5-i ’- 

V

(5.4>4) (5 0 ( 5 1 . 4) 5 5 ( 5 • . - 4 0) U) 5) 5 1 0 . 1 0 ( 5
0) 15 0 4 (5 5 1s - I  0 0 0 0 .  U 4 ) . 5 0~~~~~ > 0 E ’ 0 C O 5 0 . 5  5)04 (5 15 U .-I L~~~~

(~ . 5 0 5 ) 1 4 0 )  .5 . 4  > 0 0.11-i .5 -s-I )~~~0 0 Q ( 5 . 4 C U 0 0 1 4 X  ,5 1 4 .5
C-) f-i4)’00..5 f-I l.) f-4 ’~~~~~~ I O 0  f - > 0 ) - -~~~~~~-’ . 5 4 ) U )~~~~~. 4 Z S 5 )  ~4 (5 1 5 ( 50 ’ 1 - ’E - . 1 5 -

‘-1

5--
— 5-— 0

0- 0’ 0’ -
5-— 5-—— 5____ 5-—

— 0 (~) — 0 • U * 1) .4
(11 ~~5-V (‘4 .‘. 0.1 ,-5--- 04 (N ~~-. 0.-I

‘- 5- 14 •— I.. ‘— 14 ‘— — 14 V

5 -fl ) V 0 -  Z O .  Z O .  Zn- Zn-

P V

4—I ~ 0’- C’ ~~-I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5-~~ V~~ 5-~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _



.

~~

.0 C.) (5
-C

I Il) C

C—; -~

-~~ -~ (N -~~ -~~ -~~

.5 .5 -~~ .5 .5 .5
0. 0. 0. 0. 0-0
(4 (5 (5 (5 (5 (5
8-i 4.. ~~ 8--i 8-. 14 *
DO DO DO DO DC bO l)
(5 (5 (5 CD (5 (5 .
14 14 14 14 4..
CD (5 05 (4 ( 5 .
0- 0. 0. 0- 0.

U a) 0) (3)
U 0.) 0) 4) 4) 5 1 .
((3 Co C!) C/) Co 04

4—i
0 0
z z

- . .

-
~~ ~~ — 04 —Vt —
O C,) •

5- .414) — (5-4 —4 — —
0ir~ -1- —fl ’

< Co (‘-1 04 (‘4 (N (5-)

‘S U)
1 4 5 5  14 ( 5 I
C O O  Q i ~i • 4-) 0 1 4

‘I—I .—4 ‘4- i 15 0 -~~ 
-~5- ~~

(4-4 DC >. 0 (N DO C5 I (5 5) - . I 4 4

0 55 0 .  4 4 (5 .-I .45 5) ‘0~~~~~In.5 1 4 5
.4 DC .--4 C) ~ I 0 (1) .0 DC 5) .4 I

5)3< 5 4 40 5 0)  —~~ 0- ’--~~-.-4 4~1 .5
1 5 1 4 5  >4) 5 ~~~~ 5 ) .5 0  ‘0 0 0  0) ‘0 4~I 5
0 0 ( 5  0 0) .5 00 15’-l 5 1 40 >  4 ) 5 )
S 0) ‘S .5 ~-l .- (5 .1 C’ .5 4-4 > .5

‘S C 4.) — U) C >~ 4~1 15 14
- U ‘S .4 (5 (5 .5 4-1 . 4 . 4  0 0 0 0 • (I-i
00 .4 (4 > 44 C C D O) O - ~-1 0O ’S C 0.1 0. 4-’ 0 1 5
5 5 4) 0 - ‘i ~ ~~~~~~ ~~~~~ ~~~~~~~~~~~~
.1(5.5 140 ) 5 ) 4 )- 15 )Q C  4) 5 4) 5J~~~~
C .C 0 - .~~~’4-I ‘-~ ‘4 ) 0 1 414 5 ) 0 5 0 5  ‘5 0. ._ I5
0 0 8 - .  .0 4-1 C 0 ’ 4 -~ 4 ) 0 ) 3 < 0•) 4-~~~14 0 .D .~0 . 1~1 0  CD
4.) 5 4-) ~ ~ >. Q. 4) - 4.1 Il) 4-4 4) 0 0 0-0
.4 0 (5 .4 4-1 1 5 4 44 ) 1 5  4) .5~~~~~’-’ 0- 5 4 )—  °D —Vt
(5 (5 14 • .4 U > < 0 - . - 1 4J 5) (5 O S .  0 . 0 4)  0
O - s 0) I ‘0 .5 4-~ 14 C 0 1 .4 .5 0
0 - 0 4~1 ~~~~~~~~~~ 

U 0 DC 5 ) 0  0.0 4 4 5  0)44
5) 4) (4.4 

~ 
.0 4) > —~ C’4 .5 -5 4-) s--1 (5 (5 >- 0

(5 . 4) .4 .5 4) —-1 4-) (.1 Cl) 4.1 14 0 4~J 0.
4-i -’ 5 ‘4-4 5 0 1 50  0 -1

>~~~0 ’0  .5 )  (5 ‘ 0 0 0 ) 0  • l~1 c s E 5)~~~rI bC 4) —I (4)
.5 .4 5 ~ 0 8-. 14 .5 4.. 0 .4 •‘.-I .si .4 0

4 4 1 5  • .5 ( 4 4 4 ( 51 4 . 4 4 ) 5 )5 )  - ( 5> 5  4-~ 4-’ C ’ s
‘S U 4 ~) 4 4 4 )1 41 5 ( 5

1 4 1 4  1 4 4 ) C C 5 C .’~ • C 1 5 0) 5 ) .5 0 1 5  14 .—I
0 ) 4 ) 1 4  0 ) 0 5 5  5 ) 0 ( 5 5 ) 0 )(55) 0 0 1 5 5. 54 ~1 0~~5 ( 5  0 ) )
4 4 0 ( 5  4 ) 0 . 1  ~~~0 4 4 5 ).~~~4 - . 5  .4 5 4 )

— 1 5 1 5 .. U ) ( 5  0) 44 5)0) ‘S C b0
0) CL 5) I ‘S 

0) ‘0 - (F) .5 8-. (1) .5 .s-I 4) C ‘S
~~ .5 0 . 5 5 5)  . 5 5) C D D I I V’ S 4 4  U (5~~~~~0 0 0 0
(43 (1) —4 ‘4-1 ~~ 0 4- r .0 1-. .—4 -— 4-4 5 CT) 0 ~1) ‘S ~~
F-_I (5 (5 0 5  0 ) E~~~~ 00 1 4  .5 ~)~~~ t5~~~4 5 0
I-I 0) 0 0 )  ‘1 4)0 W 1 5 0~~~~~~~~~~ 4) .0’0~~~~~ DO (.4 5)05 5)

~~ .5 cr .c .~~ .5 0 ~~ ~ 0 0) ‘4-~ 0 (5 C •‘~4 C (5 U ~D .5 ~~ 14
o 4-4 0.1 4-) f_I ~j —. H .0 4-1 C 5 .4 H ‘-1.1 05 ) --i Ct. n c ~-. ~

-

~V V5 - - - —5- (‘V.)

U - U - V~)  - -, - U - 
-
~~44.4 

__
. 04 ~~ (54 ~~~ C~ I __

~ ( ‘J  -V~ V . )  
~
. (N

° ~~ C) C) C) C’) C)
(.415 41) 05

— 8-. — 14 - - 14 — 14 _ 14 14
o Z C D  5 ( 5

C!) Z 0. > 0. - 0. 0- .- 0. . c’).

H ~~
- r .

~4—4 5 - 4  5- 5- s-I —, _4 (5- 5-4

.1 

—_~~~ --V--— -V ~~~VV. V5- -V_ _  --- V 
~~~~~~~~ 5-- -~~~

--- V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • V



5-.’

I

DO . . . • •
< H  LI’) Il’) 04 (54 04 -i , —
0 8_I’) . . . . .
4-I 44.1 -4 -4 -Vt -Vt -Vt 04 04 0.4

- • • .
V —Vt -Vt —Vt -Vt -Vt -Vt -Vt —Vt

< (/) (‘4 04 (‘4 (N (5-4 (N 04 (5-4

4 ) 1  ( L 1 4
4.1 8-I 5 0
(000 - . Q  (5

4 4 9-4 4)
U C C0~~~ (F) -

0. 14 5) 14 0) 4.4 Cl) 4-4 ‘S .-‘ 40 I
1 4 0  C O  UZ  I 14 — C

0) 0) 0) 4-I 0 ‘.i .—I (5 (5 (5 .4 (5
4_I C 04) 0. ‘S N >-. N .5 (5 5

V ‘—‘ C C  ‘ 0 0 5  5 (4) 5 1 0~) 5 1 . 4  ‘0 N (4) 0
0 . 4  5 1 4  0 1 4  .0 ..-I ( S C  (5 CD 4 ) .

C U . 5  1 5 0  0 0  9.4 0 (5 4) .5 • 4) *
. 4 1 4 4- )  0 0 DC 14 4-) C O O  ( 5 5

5 ) 0  - . 5  4-4 .5 0 0  1 4 1 4  .5 5  5 ) 5  4 -1 . 4
5 0-— . (4) 0 C O .) 0 0  ~-‘ 4.4 4) 4 4 . 4  (5 )44
0 U 4-) .44’ .44’ 0- 11-1 (5 ,-I 4-1 4.1 .4 0
.1 .5 C —I >. .—l — (I’ .0 (5 0) (.4 (I) C

0) — .4 5 1 4 _) 5 5)0) .5 5 )  0 ) 1 4
‘5 ,-4 15 5 ‘0 ~0’S CD 0) .—1 ~~4 0 .5 .5 4-) 14 14 Cl.
1 4 ) 4 - )  0 5 1  5 0 )  .5 .5 . 0 )  0) 4-) 5)
4) C 0 - 0 )  5 ) 0 )  (5 4—i (5 4-~ 4-1 5 ) 0 )
0. . 5 )  E U  (S c) 4 4 ( 4 )  I-. 5 8-. 0 8 - .  14~~~O 5 0 3 <  C F ) 3 <  8.. ~~4 > V  . 0 0 ) 0  0 . 4( 5

.5 0 0) (50) 5 1 . .  0 (5 >, 14 11-1 5 4-1 ‘I-i C--i
14 0 4.) (4) (~) (

~~ ‘ 0 —~ 5) 51 0 •
O . 1-. 14.1 4.4 l~4 ‘-4 14 14 5 4-’ .5 ‘S .4 .~~ 1.~4 ‘1-4

14~. ~‘.4 C O  1 4 0  5 ) 0 0  U - V t 0 (5 5 5 )  4 4 1 55  0 8-.
(1 )>  5 0 ) 5  . 50 0  . 0 s -1  14 . 1 0 5  0 . 40 . )  0

(5 51 5 >, 44 1 5. 5  .5 4) 0 0 4-. 4-1 0)
51 .4 51 .—l — 4 .-1 ‘ 14 U >~ • 0 14 ‘S5 4-. .0 .-. 4) —. 4)’S’S — C C ‘S 0.~ 5 (0 4-) > V 51 (5 ‘s

— 4 0 5 1  5 (4 . 5( 5  .5 4 ) 0 )  00 9-4 00 (5 0’ — 0 5 4 4. 5  5 5 )
44 DC 4-) U .5 Cl) .5 4) 4) 44 .5 C) U 0’ 5) CD S 5) 4-) 4)

04 (5 (0 0) Cl) 0 0  (5 )15- 5) 14 .0 -.-I 0 14.4 5 1 ( 5
5 4 4 . 4  (I) 4) 1 4 4 ) 5 1  (3 4.) 5) 14 0 ( 5 0 0  .0 5 )
0 ( 5 1 4  (5 14 . 5 0 0  0 1 4 1 4  ~~~‘ S C  —~~.0 51 ( 0 5  8-.

51 4 ) 5  ‘ 4 - 15 1 5 1  51 .4 CD ‘- 4-i ‘S 0 4-’
~ 0 .4 • & J 1 4 C 5  5 4 4  (4 (5 C O .)I) 4-i

< U (4 4.. 00 —4 00 .)~ C 4.. 0 0 —I 5) E 0 (4) .5 5 (5 C .4 14
1—8 (4 •.-I 0- 5 0) C U U 40 0 0 4) 0- --4 0 ~l) 8-. 14 0
~~ 0) 4-’ 0- “ .5 - ‘-4 CD C 4-1 ~~ ‘0 .5 ‘- 4-) 5 0) C 4) 4-~ U
(4) 4-. CD CS .)~ 05 .~~ C- Z * C/) (I) 15 CT) 4) .5 00 CI) CS 4.1 1
H 5 (5 . -..-4 14 C — I  I _ i C  1 4 5 )  1 4 4 4  . 40  —‘ (5
4-4 4 1— b C 0 - 5 1 5  1 4 ’ s O  5 1 ( 5  5 ) 00  5 1 4 . 1  51 (‘) 0- ’s  44 ,-I
~~ . 5 —. 5 5 .54) 4-I C C  .5.5(5 .50 0- CD .5 5  5 1 C C  .5 1 4
0 H U 4) 5 Co (5 ~4-4 4-i 4~i -I 4-I .5 0 14 4-. V- I  C) —4 CD Co 5)

-4 (5-’) ~~ s-I (‘4
—s- H — —

‘44 • ‘4-. - 00 - 0 0 0  - . 5  • DO - 00 - 40
44.4 ,— 0 . - J  — ‘-‘ ~1 — C--I __ (54 ,s- (N -~~ C-’) ,-, C-’) Cl)

-— 1.. .. 14 ~~~
5- 14 - _. 14 (5 14 __, 14 14 14

0 i’~~ C T ) I ~ V C D  Z ( 5  Z ( 5
Cl) ~~ 0- ,. 0- Z 0. >. 0-C) ) o- Z 0. Z C. > 0-

FaJ • • .
4_i ..1 (54 C”) f .J’) -.0 N-
I—I 04 ~ -.I 0.-I C 4 (N (‘-4 (‘-4 (5-4

-—



(5 ( 1

* 0
Cl) C-

-:35-
. 

C - C -

—

4 
04 0 4 0 4

.5 .5 .5
5). 0. 0.
(0 ( 5 (5
8.. 1444

V 00 0 0 0 0
(0 ( 0 ( 0
14 1 4 1 4
(5 (0
5). 0.

0.) U ’ S
U U S
U) ColD

H

DO
~~~ H -Vt Cl)
8_j o) -
4-4 40 ‘-4 -Vt

OiDO -Vt
0a c)
-< U) 04 04

I ‘S
1 4 )  0
(5.5 0 ( 5 . 4  I ’ S 4 - J
. 1 4 4 1 4 0 ( 5  ( 5 ’S O  I 0 ) 0 8

-.4 0 .-1 0 . 5 4 )  I W ( 5 1 4’ S
0 ( 5 ( 5 ( 5 . 5 4)0 1 ( 4

>, . 4 . 4  0. 1.1 (5~~~ (5’S 0 .4 .-I (5
.5 ) 0  4 J ( 5 5 ) 5 ) , . 4(5 . 5 1 4 5 0  .‘ U S

8-. ( 5 U~~~~ .0 ) ( 5  ( 5 0 ( 5  - 0 .  • S 0
0 5  0 ..4 0 5 ) 5 ) 0 . 1 4 . 4’ S
~~.1 .-4 0. IJ ,-4 .5 C 5 5) 14

.0’S 4,4 (5 - - E n .  000.(0 (544~~~~ (5( 5 ( 5  ( 5 5 (5 - . - 4 0 0 . ~~~~~~~0 . 4 E U  .4 . ON
44(5 ~~ 0~~~~ ’ S 0  Q~~~~~( 5 .~I ‘ 0 0 )  (5
14 • ( ( 5 0 . 4  —1 1 4 Q 4 4 5 ) ( 5 0 jC .C ’V .5
0 ( 5 ’ S  U 4 J ( 5 >~~~ -s . . 4 0  ‘S . 0 ( 5 ( 5 -I
5). 5) (5 .4 4.1 -4 .0 (5 (0 14.4 • S

- .-l 0 • • W ’ S C ’ S  0. 0 ( 5 1 4~~~~~ ( 5 . 5 O
(5 0 — I  W 0 5 U ( 5 ’ S U O  0 0 , 4 ( 0 ( 5 0. 5(5
(5.4 U . 4 0 C ’ 1 W 1 4 4J 0 5 ) . 4 ) U 0 ( 5 ( 5
~. . . 5 40 (5~~~~~ U 0 .5 . 4 5 )
1.1 01 (5 (5 1 4  0 . ’ S ( 5 C D~~~~~~E 5)4.41.1 (0
>.4 ( 5 0 ) 5 ) 5 ( 5 . 4  ( 5 . 40 0 . 5 ( 5 0 . 5 5 . 4

5) ,-i 5 ) ( 5 . 4 O . 1 ( 5 (5 ( 5 X ( 5( 5 0 J S 4 40 ’ S
.5) 0 ( 5  1.4 . 0 0 — 4 44 , 40 1 ( 5 . 4  0 1 4. 4 .1 1 4

00 C D ’ S ( 5  ~~~~S
.-b 14 00 . 4 (5 W ’ S .~~ ’ 4 , 4 U ’ 0  (5 . 5 0 ( 0  0 4 0 -

( 0 ( 5 0 ( 5 ( 5
(50.1 0 . 4 ( 5 5 .5) 5). . 4 . 4 5 ) 1 4 1 4
.5 ‘S -~~~~ 0 (5 ( 5  ‘ 0 5 ) 1 4 - 1 0. .5 1.1 ‘S— ‘ S  - 0 1 4 1 4  .4 . - 1 0 1 U C) 0 0 J . St f l ( 5 ( 5 W

(5—I ( 5 1 4 5 ) 5 ) 5 4 4.~1 4 W  44 1.4 ...I 5 4J
1 . 5 0  C ( 5 ( 5’ J C D ” ( 5 0 . u  (5
5 ) 0 ( 5  0 0  — .—4~~~~~~~~X •O U ~~~ 4i .~4 4 . 1 . 4  .4 ( 5 5 )~~~~ .. -1 (5.. -J5).5 . 4 4 4  S~~~s

1.4 Ii - . 4  .5 .0 .0 (5 (5 1.1 (5 (5 )4.1 1-. 8..
-~~ 5 1 ( 5 1. 4  ( 5 ( 5  (5 (5 .-’ 4 4 . 4 0 0 . 4 )  (5.4
I-I .5 41 )4.1 4 1 0 8 . .  ‘ 0 0 . ( 5 5 )0 . - 40 • . IU ( 5 ( 50

(5.4(5 .4 .4W5)U(5.1. 0 ( 5 0 . 1 4 4 4 .~~ .000 .4)40 5 1 .  5 4 ) 4 4 . 5 . 50 1 .  0 4 ) 5
4-. ( 5 ( 5 0  ( 5 U 4 ) ( 5  U - - - I 0 ( 5 ( 5 1 4 - -~~1J I..(5
4-4 .4 40 8-. 40 5) 08 .4 08 4) —4 0 (5 (5 .4 .4 0 —
~~ .5 14.4 14 0..5 9.b -4.5 (5-.1. 4 000 ( 5 . I ( 5 (5 ( 0
0 4-.0 (5 O ( 5 0 0 . 4 ) U~~~~~~~(500.0.)v.4..4

. 0
4~3 Cl) - (0.
4~I C) C)

4.3 ( 5  4 0 ( 5

il

C-.)

_ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~V V V  _s-~~~5- V~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~

.5) .~~~

(0 .1

— -1- 1”)

m -4 .44 -~~

-1-.5 -1- 4 4
-~~ -~~ -~~

04 (‘4 C-I C--I
*

5- .5 C-’) .5 .5 .54 0. 0. 5).
(0 (5

1 4 .  1. 44
00 00( 5 .  (0 (0 (0

V 4- -Vt 8.. 44( 0 .  (0 (0 (0
0.04 0. 0. 0.

.5
48 4)

0,4 4)
(/3 (0 C o O  U)

DO
—
. -

~ 
4

H 4 0  -1- -1- —1- -1-
4 —1- -* -Vt• 0-1 ._I 4

-<U ) 04 C--I (‘4

5) 5
0 — 4 0 ( 5

.. (5 i I .-4 .4 8.4
4) — 4) 14.4 44 5
0 0 )  I 0.
5 ,5 .~~~l.4 0 ) 1 4  (0 1.4 (0
( 0 4 )  1 4 1 4  1 4 0 5 . - i  0 . 0 8 0  5 0 )  0 - - .
C 0 0 1 4 . _

~-~~~~00.’S 5 ) U 5 D O 0 8 ( 5  5 ( 5 ( 5
0)5 •~~~~~0 .W0)1.~~~ 0) 04 4 4 5 ) 5 )  5 0  1 4 1 4  I C4 4 0 0 )  0 . 4) 1 4 . 1~~~~~ W 1 4 ’S ( 5 4 4 1 4 5 C 0 .  _ .lSS s 0
C -. C S — U ( 0  ‘S ~~~ 0 . 4  ‘.‘SE . — i 0 0  0) . 15 )
.l ’0 C ) 0( 5 5 ) 5 Q . 4 4 ( 05~~~~~Z 14 .5 ‘. (0 .5.5 I I.J (0 4 4 >

0,4 .5 U 5 ) W B 5 )~~~ 5 ) 0 4 4 14 .~~ s o
4-’ ’S U CI) 1.1 I4 •5 1.1 — ‘4 0 0) (S C--I 40 (0 5 0) ( 5 1  1.4

~ 4.l 5 ) . .4 O ‘.0 1 4 >  .5) 0 1 . 0 ) 0
44 0 C 4 5 W ( 5 - . - O .0 ‘11 5) ( 0 . 4  ) —s p  I — 5 ) 0 4 4 0 )
44 14.1 (4) (0 ( 0. 5 ’4 . 4  (0 14 5 44 (0 5 5) .—b — — .5 44 14.4
0 14(0.5)5 4.4 14’S~~ i 0 W Cfl’4 0 .0C— l  

~~~~~~~0 . 0)  0) 0 W 5 _ 1 9.4 .0 ( 0 ( 0 0 8 ’4 ‘4 .5 ( 0 5 ) 5 )
0 . 0 . U ) 5 4 4 4 - 4 1 4 5( 5 , - 4  ~~~~~~~~~~~~~~~~~~~~~ — 04 - 4 4

~0 — .4 5 0 0 5 )  > ‘~~~~~~ I 0) W Z  ‘—~~w 5 )  44 . 4 1 4
C/) 0) (.4 .4 —b 44 - - 0) 1-. — 0) ~ 0,4 (5 (5 I 0U (/3 0) ..4 U C I C ( 0 5 5 ) ’4 8.1 • 0 .  4.~ I.. 0 1 4  4 4 ( 0 54 44 .
~-4 C 4.’ ’--- . . 0 >- ( 0 w 0 C> >- . - bE - 5  •~l~~ -4 U) ( 5 5(0 ‘4-4 0..1 14 — 1 ( 5 0 1 ) 4) ~~~~~~~~~ (0 0 5 ) 5 0 0 1 5
1 4 5  .5(4.4 04J 14~~~~~C-4 0 5 0 1 40  0.5 

~~~~~ .5 .5 4 4 0
5 ) 0 ) 5 ) 1 .  • 1 4 0 0 . 1 . ( 00~~~~~ 5 ) ( 0 O  0 0 1  4) 0 ”’ 44 ‘S ~~~ (5 .1
5 4 4 0 0 > ’ U (0 5 ~~~~~S U 0 . 4 - i’1.4 1 4  14’. I (5 4 . 4 4 0  (0 ( 4 . 4 . 5 54 4
5 ) 5 ( 5  4 4 > 4 4 5 4 8 . 444 0’.4(50U.I.4 4) 8.. 

~~~~5 ) 5  0 ( 4 5  .1 ,4 -1 0 ) 4 45- — ( 5  - --- 0  4) 4 4 4 4 ( 0  0 ) 0 ’ S 0 )  0 44 (4 0 (0 1 .4  ~~~~~‘S 5 )
44 0 0) ~~~‘4 0 (44 0) 0.’S .5) 5 .~~I ,~~ (0 .4.5 

~~ 
(5 (4 0) ... (0 0.

4-. .5 4~~~. ’ U 0 ’ ( 5 4 4 U~~~~~S 0 0 . 0 4 4 1 4  5 ) 5  14 .5~~~~~(5 0
(48 0. 0)0 4 - 4 44 4 - 4 0 0 ) 0  5 0 ) 1 4.4 ( 0 0 4 4 ( 0 0  5 ( 5 4 0

0 .0  0 1 4 ’ S ( 4 4 . I(4~~~ 0 . ) 0)  .,-4 40 O L—I ‘.4 40.5) 0)
5). CS 0 . 5. -~~ 5 ~~~~~ 

0 4.1 1 . 1  00 5 0 5  0
5 .-. .4 5 .-4 0. 5 ) 0 8  (5 0 5 0 0 5) 5  0 0 • 0 0 5 , 4 4) 5

< (8) 4) O ’ S ( J 5 ) 8 W  . U ~~~~~~~) 4I  0) > ( 0  C i .400 .,4 . 4 1 4 ( 5 ( 0
> 1 4 .4 5 5 1 4 5 ) 0 . 0 8 . 1  8.. ’-,0) ,4 5 (0•• 0) 14 4.1 ( 5 1 4 0 1

~~~~~

5
~~ 4 4 4 ) 5 ) 4 4 ( 5 . 4  0 0 1 4 g  >. 0 .5) .0 lJ 0) (0 ‘S 5 ) 0 .5) 4)

U.-I 4.4 0 - - ( 5 1 4 .1 ‘ — 4  0 0 1-4 ~~~U 5 )  1 4 ( 5 4 )  ‘S (5
f-i 4) ~~I 4) ‘ S —b  >. .4 (5 5 1) 0. 4) ( 5 — i  (5 (5 0) — 0) ~~~.4 0. (5
4-4 4 4 5 ) 5 ) . - 4(5 .-~~’S 0 . >, 5 ) . 0 5 0 . — 4  — .4 5 ) 0  5 ) 5 0  0 8 ( 0 00 , 4 . 1
5)0 .4 ,C , 5 WO . 1s - W 5 4 ) U 5 ) 0 . 5 ) U . 41 4 . 4(0 ~~~ K C o  .C O X  . 5 ’ . I C. 5( 0V 

~~~ 4 4 0 8 Co . - I > . 0 4 4 O U 1 4 U8 ( 5 ( 5 .C > O U  4 - 4 5 ) Q  4-4 ,5 5)  4 - 4 4 4 5 ) 0 8 5

C
1 . 1

~~- < 0 . 4 4 0 4
- .5) ‘S ‘0(4) 4/’) — II’) I - - * 4

(0 (‘. ..4 .~~~ IV ‘-.5- 8.. ‘~~ 14 ‘s- 4-. 0. I if)
‘-1 (0
Ci~C ,.. 0. 5). 0. < (0 N- .44 0)

ai . -8-. — (‘4 C-) 4
44 Cl) 

.J6~~” 1’) C-)

• •

~ 

~~~~~ V _ 5 -~~ 5-~~~~~5-~~~~~~~~ ~~~~~~~~~~~~~~~~ V~~~~~ • • V 5- ~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



0
.5

8.. C). - *
0 (5 - -Vt -‘1-
(5 4.4 8..
.4 4-1 0 00 4 4 4

if’. ‘0

5 4 ) 0 .  —1- —1- —~ -1- —1- ~~0 4 4 ’S . . I

1 4 . 5  (5 4) 04 04 04 04 C-’)
5 1 4 4 5 ) 5 )
O S d)  -~~ .5 .5 .5 .5

0. 0. 0. 0. 0. 5).
(5 CD (5 CD (4 (4

U • 14 14 14 14 4.. 14
00 00 00 00 40 00

0)141.J (4 CD (4 (5 (0
4 4 00 .4 14 14 14 14 14 44
4 4 ( 5 0 81 4 ( 5  (0 CD (4 (5 (5 (4

0. 0. 0. 0. 5). 5).
- .0

0) 4) 4) 0) 5) 5)
.4 • 5 1 -  4) 4) 4) 0) 4)

I’ —4 00 03 4) I f)  C/) CD Co Co U) Cl) (/3

~~V 
~~~ . 4 . 4 (5 ( 5 - V t

Z 1 4 1 4 ( 5  ‘-Vt F- H H H H
(.3 ( 0 0 ( 0~~~~~~’ 141 40 144

~ 
0~~) 0 w r -  X X Z

-Vt — —Vt

—:1- -Vt 4 ‘1’) 4 4!’) ‘0

0 . DO -1- -1- -~~ -Vt -Vt -Vt -Vt

(/3 04 C’) C’) 04 C’) (N (N

(I)
14 -5---
0 - -

5 1 4 4 00 0) . 4)
‘0 0 ( 5  - -. 4  (0 U

‘-~ 0 , 5 0 4 ( 4  0 1 4 .4 1.1 5 5 4_I
‘0 — • 1.1 1) Q ‘ 4--4 ‘0 5 4) (5 8.1 14 5 4.4
U l D ’ S  0 5 4 - i  C.) 5 5 1 . 50 0  0 ) 0

5 00’--’ 5 .4(5 > 4
(5 .4 (5 (.4 5). (/) 44 4.) 4.1 5), 4) 4

(5 1 4 0 . 5) 5 ) 5  .-4 5 . 4 4 4 ( 4 .5 ‘ 4 5 > -  -.-4 .-4 00
1.4 5) 0 44 0 ‘—4 1. -‘-1 0 (5 14 44 ‘0 “.4 0 0 ‘—I ( 5 _ 4  (4
(5 0 0 0 . 4 0) 5 . 4  —~~~U 0 4 ) 0 4 0  ‘ 4 ( 4 (5 0’ —4 ~~~~~ C).

• Ø ( 5 IJ 4’ .-4~~~4 1 ~J C 4 0 4 0 4  4 ) 5 0- . 0  0 . 5 0 )  4 ) )  > 4  Cl) (S
0 .(0~~~ . 5 ( 5 0  5 ) 0  (4 00 — 4 )  00

~~~~~~~ ~~~ > ‘5-i 1 4 4 - 4 8-i ~~~~~~ 0
( 0 ( 4 ( 5 5 ) 0  ‘-4 0 0 (5  .1 0 00 51 0 4 )  ( 4 5 )  > 1 4  00 —4
( 5 0 . (5 1 4 U’ 0 S  1 4 5 0  . ( 5 5 ( 5~~~ ‘ 4) 5 .  .4 4.1 5 4 )  (5 5
0 0 ) 0  W 4 )  5 ) 5 ) 1 4  . 4 C C S  1 4 > W~~~ Q .—4 -‘-4 4.) 14 0
.4 4.1 4 J 0 . - 4 0 44 0 - 5 1 1 4~~~~~5 0 0  4.1 4) 4) .- 0 U
4.4 08 ( 5 4 4 5 ( 4  • .—i 5 (4.4 5.5 0 0 ( f l 0 ’ 0 ( 5  0..5 c o w  ~ 1 • 4.)
(5 0 j 5 ) . 4  ‘S U 5 ) ( 0 8 . i  ( 5 4 4’ 0 U ).4 ( / 3 5 ( 5 4 )  (/3(0 0 . 5  ( / 3 5 )  14
0 4 . 4 4 4 0 5 ) 0 ) 0 ) 0  . 5 5 4)  5 .~~~44 C o o ( 5 g  .4~~~ > 0
.4 (5 54 4 . 5 4- 45 0 ) 0 0 .  1 4 5 ( 0 4 4  U (5 1 4 0 )  4) ( 4 . 4
.-I5)144J 10 0 1 - 4 14 .5 1 4 0 1 4 C 4’0 0 5 1 4 ) 0  0 . 5  ( 5 4 )  4 4 ( 5  (0

(5 5) 5 0~~ 4 0 4 4 5  ~ ( / 3 1 4  4.1 ,4.5 44 (5
• 5 C D o 0~~~~~5~~~ . w  .5 (4.4 (4 (4~4 ~4-b 0 ‘ 0 1 4 . 4  (43 1444 )~~~5) 1-1 (5

4.4 4 J 0 ~~~ 4 ) 1 4 0 )0 0 )5 5 ) >  ‘- OO 4) U t)  U
( 5 (5 ‘S ‘ 0 ( 5  0 0 4 5 4 ) 0 0 4 ( 4 > 5  0 ( 5  4.1 9.1 • H . 4

44 4) C I O’ 0 C . 4  ‘4 .4 ( 5 . 5  ~~~ 0 0 . 5 >  14 ‘ 0 4 )  0 4 4  0 0 ’ S  14-1 4) Q Q
(5 4-1 .4 ( 5 1 4 16 0 0  C4 -4 ( 5 0  0 5 1 ( 5  1~l ( 5 .  (4 5) C (5
4) (5 0.) 0 ( 5  S ,.1 4.I 0 . 0 0 5 ( 5  4-4 0) 4) ‘4’0 1 4 0 . 4.4 5) 4 4 5 )  5-

(5 (5 4-1 0 ( 0 > 4 4 4 - 5 1  1 4 ( 4  * 0  ...-4 44 4) (5~~~~~ 9.1 ( 5 . 0  0 4 4
0 . c o 0 ) ( 5(5’S(59.. 4 0 ( 4 5 )  ~~~~~~~ 5 1 4 4 .—4 5 (5 1.1 14 . 5 5. 1  4) ‘4-4 0

~~ . 4 5 4 4  4 ) 0 0  . 4 4 4~~ 4-1 U 0 ) ’ 0 5 1 4  ‘4-. (0~~ 4 (55-’-4 0 ( 5 4 . 4  ‘0 4-4 ..-i
5 0 . 4 4  .,-4 ’4 ( 5 4 )~~4.4 U 5 ) 5 ) • . q) - 5 5  0—I S 5 ( 5  1 40  3~~~ 4-5-

~~ ~~~ U U 0 8~~~~~5~~~~~
O) 4 ) ’ 0 U  ( 5 1 4 1 4 ( 5 5  5 > ~~14 5 1  . 4 14 0 0 ) 0 ) 5 )  5 ( 5  ( 5 4 )

~~ W .5 0 —4 0 ‘S (0 — ‘0 ‘-4 5 ‘~~ -4 5 4) t4- 44 0 4.) ~ 5 U ~4-1 4.1 ‘0 .5) -.4 -~4 4 t ) 0 ), - b 5 ) 1 4 0 )  (/3 4.4 0 0 ‘ 4 5 1 ( 5 5  .4 14 ( 4 5 - . - 4  — 4.4
i-_I 0) (5~~~4 -5 I)) > U (5 16 0) -

~~ o u ‘S U) ~-. .1 -~ 8-. 08.4 4) — (4) ‘0
~~ .5 5 4 )0 0 0 0 . 5 )  .5 0 .5 ‘ 0 5 0 4 ( 5 5  ~~~~~~~~ -t~~~0~~~ (5~~ o 4  .5 ..-4 5 ) 5
C) H. 4 .5) U 9.4 O) 0 ’-4 ~-

4 U 4 . )  
~1 ( D 14 ( 4 ( 5  ~~~~~~C 1 ) . 45  < ‘4-4 .0 ~~~~5 . 0  H )  H l D

0 4 0 4( r )  (4 —5-
1 . 4  8-. 5

(‘ I I  (5 —5-, ~~5- n
— a’ 0 I C. V (  Co Co
I I ‘ 0 4 ! ’ )  c~ - C) - -

~~ 0 (‘1 (5 I~~ (“4 H ~
5- F - - r 

5-

C) II’) (0 (/3 ,~~ ‘0 • V

~~ I ’ ( 5  ~~~~~~~ 
I~~~~ - I ( ’ 5 -~~~~(~ -~

5- — --5-
I. - C) .-‘J r— -~~ r— ~~ - 5). c~-

0 ~~ (0C-’)~~~ “) - ~~~~~V Vf 
~~ 

(11 -.~~~-.

~/) .~~~0.c~~ -< C. ~~~~~- Ci. : c c

if) ‘C) (V. ()‘ C
.4 C-) C’V5-) C- C’ V 4

‘I’ ML 1:::: - :--
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V • VV~~V_ ~~~~~~~~ V V V 

I?



5- - -5 - 5- - -•

2. DEFICIENCIES AND SHORTCOMINGS

a. DEFICIENCY

Suggested
Defic iency Corrective Action Remarks

Several zippers failed on the Larger zipper would help Flap covers have
side wall shelter during test prevent the zipper from been installed .
due to the zippers pulling pulling apart under
apart under stress. (Para stress , and flap cover
2.4.1.1) would prevent water from

enter ing the zipper and
freezing .

b.  SHORTCOMING S V

Sugges ted j

Shortcomings Corrective Act ion  Remarks

1. When lowering the No.  1 The righ t shelter wal l  V

engine to the engine stand , could be enlarged 3 feet
the shelter wal l has to be for proper c learance in
opened for the davit to swing lowering engine and for
out properly. There is in suf -  engine stand space .
f icient  space inside the shel-
ter between the he l i cop te r
and she l ter wal l  for the engine
stand without  opening the
shelter wall. (para 2.4.1,2)

2. The r ib  frame bent at Modif icat ions were
the top and bottom points made to strengthen
where it a t taches to the the frame . Four
center pole on the shelter erecting and stri kin~’
top ,  (Para 2 .4 . 1.1 .3 , d) operations were made

without any difficu lties .

3. An exhaust  vent for  An exhaust vent should
the helicopter t s onboard be added for the onboard V

heater was not provided she l t er .
on the shelter. (Para
2,4.2.1)

4. The total weight of the Reduce the to ta l  weight  of
repa ir she lter exceeded the the she 1 ter and individua l
MN requirements by 98 lbs . packages to meet the MN
with the heaviest package requirements.
weighing 71 lbs .

58
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c. CORRECTED DEFICIENC IES AND SHORTCOMINGS

Defic iency/Shortcoming Correct ive  Act  ion Remarks

1. The work area around the The shelter was modified
combining transmission and with an add-on she l ter to
engine transmission was satisfy this requirement.
restricted. (Para 2.4.1.2.3) Design drawings have been

revised accordingly.

2. The shelter externa l Heater duc t sleeves were
heater duct opening was too enlarged to accept the
small for ins ta l l ing the ex— 12-inch diameter air hose .
ternal heater ducting . The The tie straps were length -
tie straps were too shor t .  ene d so tha t  the sleeves
(Para 2.4.2.1.2) could adequately be tied.

3. An opening was not pro- The she l t e r  was mod if ied to
vided for maintenance davit provide an entrance for the
cable into the shelter w i t h -  maintenance davi t  cable into
out opening the shelter wall, the shelter for removal of
(Para 2.4.1.2.3) an engine . The design drawings

will be rev ised accordingly.

— - .5- - 
_ _



k. Repair Kit  Contents
(Subtest  2 .4 .4 .3 )

CONTENTS QUANTITY

Beeswax , Technical ~ Pound

Cloth , Duck , Cotton , OD , 12.29 ounce , FWWMR , 29 in. 5 Yards

Broninet, Metallic , Black Chemical Finish , Rolled Tim 75 Each
W /Washer , Spur Type , No. 4 (In Bag)

Gronm8e t , Metal l ic , Black Chemical Finish , Rolled Rim 75 Each
W /Washer , Spur Type , No, S (In Bag)

Mallet, Rawhide , 2 3/4-Inch Face 1 Each

Manua l , TM- 10-633 , Canvas Repair Ki t  1 Each

Palm , Sewing 1 Each

Patch , Tent , 3-Inch 150 Each

Patch , Tent , 4 3/8-Inch 50 Each

Patch , Tent , 6¾-Inch 25 Each

Punch and Die , Insert ing , Spur Gronm~et No. 4 (In Bag) 1 Set

Punch and Die , Inser t ing , Spur Gronm-iet No. 5 (In Bag) 1 Set

Rings , Connecting, Round , Galvanized , s-Inch (In Bag) 50 Each

Rings, Connecting, Round , Galvanized , 3/4-Inch (In Bag) 25 Each

Rings , Connec ting, Round , Galvanized 1-Inch (In Bag) 10 Each

Sling , Carry ing, Bag and Case 1 Each

Slip , Tent Line , Magnesium Casting 10 Each

Twine , Cotton , Wrapp ing , ‘-Ply, ~ Pound Ball , MRT 2 Each

Thread, Polyes ter , Type I or II , Cl ass 1 , cize Fi 1 Pound

Adhesive , Liquid , Butyl , Tent Patching (-. Pints

Needle , Sailma ker ’s, No. 17 12 Each

K i
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CONTENTS QUANTITY

Br ush , Wire , Steel , Scratch 1 Each

Cutter , Groninet Hold , No. 4 1 Each

Awl , Sadler ’s Sewing , Au tomatic , 4½-Inch Handle 1 Each

Cut ter , Gronmiet Hold , No. 5 1 Each

Shears , Bent Trinmers , Length Overall , 10 Inches 1 Each

K2
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MAINTENANCE EVALUATION

Part 1. Instruction s for Maintenance Analysis Chart
(Para 2 .4 . 4 . 1)

COLUMN

1 Group and Sequence Numbers. Functional group number
as indicated in the maintenance allocation char t (or TB
750—93—1) of the assembly or subassembly. The sequence 

V

number of the maintenance operation is in parentheses
below the group number .

2 Component and Related Operations. Component and re—
lated operations as indicated In the maintenance alloca—
tion chart. Operations assigned to depot—level maintenance
are not shown normally.

3 Maintenance Level 1 Prescr ibed. The maintenance level
prescr ibed by the maintenance allocation chart is indicated
using the following code : “C” — Operator/Crew ; “0” —

Organizational; “F” — Direc t Suppor t ; “H” — General Support .

4 Maintenance Level, Recommended. Use the code letters
“C” , “0” , “F ” , or “H ” to indicate the maintenance level
recommended by the test agency .

5 TM Instructions, Adequate. An “X” in this column indica tes
the TM Instructions covering this maintenance task or action
are adequate.

6 TM Instructions, Inadequate. When the TM instructions
are considered Inadequate , insert the test agency equip-
ment performance report (EPR) number (If appropriate)
which transmitted the DA Form 2028.

7 & 8 ActIve Maintenance Time . Clock hours and man—hours re-
quired for the maintenance operation to the nearest tenth
of an hour. If the operation was not actually performed
but was reviewed , the estimated active maintenance tine
is indicated by using the prefix “E”. (Unusual differences
in ma intenance times for the same operation should be
explained in the body of the test report.)

9 Number of Men. Number of men utilized for maintenance
funct ion .

Li 
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COLUMN

10 System Life. The number of operational hours (essential)
and miles , rounds, events, etc., as required in the test
p lan, accumulated during the test before the malfunction
or scheduled service occurred . (Under the life figure ,
enter in parentheses the sequence number for which that
par ticulat operation was last performed followed by the
appropriate life unit , I.e ., ‘M”, “H”, “R” , etc.) An “S”
will be placed in this column if the operat ion was performed
on a samp ling basis and not because of an actual maintenance
action .

11 Reason Performed. The symbol “Un ached”  will be entered
in this column If this operation was performed as a result
of unscheduled maintenance . If the operation was per-
formed and recorded as a required portion of a scheduled
maintenance service , the symbol “Sched” will be used . If
the operation was performed only to verify procedures or
tool requirements , not to correct a malfunction , the symbol V
“Sin” will he entered .

NOTE. Separate maintenance and reliability analysis charts will be used
to record s imulated maintenance ac t ions .

12 Remarks.  When an EPR is related to a maintenance operation ,
the EPR number is entered . The notation “Failure” Indica tes
operations performed as a result of a failure. If the
operat ion was not performed as a result of using the sampl ing
techn ique authorized by AR 750—6 , one of the following remarks ,
as appropriate , is entered :

a. Reviewed — not performed .

b. ~eIth er reviewed nor performed due to lack of TM’s or
oth& -r reasons.

c. Ut icr , as appropriate.

— -- -.
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Part 2. Instructions for Parts Analysis Chart
V (para 2.4.4.5)

General. The parts analysis chart provides for a listing of the parts
used in maintaining the test item . Parts will be grouped on this chart
by func tional group and in Federal stock number (FSN) numerical order
within each group .

COLUMN

1 Group and Sequence Number. Parts usage by maintenance
operation is indicated by a cross—reference to the group
number and sequence number from column 1 of the mainte-
nance analysis chart .

2 Federal Stock Number. Record the FSN , techn ical serv ice
par t number , manufac turer ’s par t number , or draw ing
number in this order of preference .

3 Noun Nomenclature. As listed in the parts manual .

4 Maintenance Level, Prescribed. The maintenance level
prescr ibed by the parts list under review . Use the code:
“C ” — Opera tor /Crew ; “0” — Organizational ; “F” — Direct

V Support; “H” — General Suppor t .

5 Maintenance Level, Recommended. The code symbols
“C” , “0”, “F”, or “H” indicate the ma intenance level
recommended by the test agency .

6 Part Life. The number of operating hours (essential) and
miles , rounds , even ts, etc., as required by the test plan ,
accumulated by this part. This is Actual Part Life and
should agree with the part life reported on the ErR . Each
entry in this column is followed by the appropriate life unit
symbol ; i.e. , “H”, “N”, “R”, etc.

7 Reason Used. The symbol “Unsched ” w i l l  be en tered in
this column if this par t was used a~ a result of unsched-
uled maintenance . If the part was rep laced as a req ui red
act ion of scheduled maintenance , the symbol “Sched” w i l l
be entered . If the par t was used as a “time change compo-
nent” , the symbol “TCC” will be entered . If the part was
consumed to verify procedures or tools , not to correct .i
malfunction , the symbol “Sin” will be entered .

J :~
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8 Remarks. If an EPR is related to the part used , the EPR
reference number will be inserted in this column . When
the part was replaced to correct a failure , as def ined in
TECOM Regulation 750—15 , it will be indicated by inner ting
the word “Failure” in this column

I
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Part 3. In8tructions for Special Tool and Test Equ ipment Chart
(Para 2 .4.5)

COLUMN

1 Nomencla ture  or Descri p t ion .  Enter  the nomenclature as
shown in the manual or if none , enter nour nomenclature
and brief descr iption of item . (Enter in parentheses the
number of like items rece ived , such as (2 Ea.).).

2 Federal Stock Number or Part Number. Enter one of the
following——Federal Stock number , part number or drawing
number , in this order .

3 Maintenance Level, Prescribed. Maintenance level authorized
the special tool as prescribed by the technical publication .

4 Maintenance Level, Recommended. Indicate the maintenance
level to be authorized the special tool as recommended
by test agency . If the tool Is not required , enter “None” .

5 Date Received. Enter the date the special tool or test
equ ipmen t was rece ived (Ex amp le: 6/ 69) . Enter  “Not
Rec ” if the special tool or test equipment was not received .

6 Evaluat Ion,  Adequate. E n t e r  an “X” if the tool was
adequate for use by the mechanics and for its intended
purpose at the ma intenance level recommended in column 4.
Make no comment on tools marked “None ” in column 4.

7 Evaluatloo L Inadequate. Enter an ‘X ” if the special tool
was found to be inadequate  fo r  its intended use. Make no
comment on tools marked “None” in column 4.

8 Required (ROR) Yes or No. A “Yc~ ” in this column m di—
cites the special tool or test  equipment  is r e q u i r e d  at the
ma in tenance  level indica ted  in column 4.  A “No ” In this
column indicates the special tool or test equipment is not
required . This colum n should he marked “No ” when
‘
~c’n o is marked in column 4.

V - - - - 
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COLUMN

9 Listed in Technical Manual. Enter the number of the
technical publication f or the tes t item in which the

V special tool or test equipment is listed .

10 Remarks. If an EPR is related to the special tool , the
V EPR number will be entered . If the special tool or test

equipment was used only to ver ify the need for the item ,
this will be indicated . When it has been determined that
a spec ial tool is not required , indicate the tool from the
common tool set and the set number which will perform

V 

the required maintenance function .

L8
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Par t 4. Instructions for Maintenance Package Literature Chart
(para 2 .4.3.1.3)

COLUMN

1 Number. Enter Army ’s or manufacturer ’s publ ica tion or
draft manual number.

2 Quantity . Number of cop ies received . Insert “0” if none
were supp lied . t’se chapter 9, AR 310—3 , as a guide to
determine those publications that should accompany the
test item . Publications contained in the maintenance
test package should cover operations and functions through
general support maintenance and should specify the cate— V

gories involved .

3 Title. Complete title .

4 Date Received — Literature. Enter date publication was 
V

received .

5 Date Received — Materiel. Enter date test item or materiel
was received .

6 & 7 Evaluation — Adequate or inadequate. Insert an “X” in the

appropriate block . ~tino r error s noted on DA Form 2028
are not sufficient reaeons to term a publication inadequate.

8 Form 2028 — Date Forwarded. Insert EPR number (if
appropr iate) and date JIA Form 2028 was forwarded .

9 Remarks. In addition to other appropriate remarks , if
manuscript ‘-.-as not evaluated , exp lain why .

1~~10
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