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SYLLABUS

This report covers the preparation of standard Engineer
equipment for eir transport in the C-46 cargo plane. Similar re-
ports on the C=47 and C=54A planes have been published previcuslye
Further study, involving other types of cargo planes, has been
trancferred tc the Aviation Engineers, located at Geiger Field,

B Washingtone

The results obtained indicate that the transportation of
the following items of equipment in the C=46 Cargo Plane is feasibles

The
The

L=4 Caterpillar Tractor
D=6 Caterpillar Tractor

The D=7 Caterpillar Tractor

The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The

The

D=8 Caterpillar Tractor

Nce 12 Caterpillar Motor Grader

Nce 101=D Galion Moter Grader

Noe. 512 Adams Motor Grader

Noe 124=S Adams Towed Grader

Noe Y4=20 lLeTourneau 20 Ton Tracter Crane
Truck Mounted Quickway Crane

liodel W-2 LeTourneau Sheepsfcot Roller
Mudel 67-W William Brcs Rubber-Tired Rollsr
10-Ton Galion "Chief" Roller

5 tc 8~":on Buffalc Springfield Tandem Roller
2} -Ton 6 x 6 Dump Truck

Airborne 2$=Ton 6 x 6 Dump Truck

Class 135 Crash Truck

1250=Gallon Etnyre Bituminous Distributor
Ingersoll~Rand IK=315 Compressor

LeTcurneau 8 Cubic Yard Carryall Scraper
Iowa iodel 25 Cubic Yard Per Hour

Rock Crushing and Screening Plant (2 Unit)
T-4 Traxoavator Mounted on the 60 inch Gauge,
Non=0Oscillating, D=4 Tractor

This report recommends that in any equipment list for a
uwnit transporting its equipment by air, provision should be made
for the airbome model biturinous -diétributer and for the factory-
supplied conversion kits for the 23~ton ‘Cump truck.
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I, SUBJECT

1. SOOF. This report covers the disassembly, groupings,
and loading of standerd items of Engineer equipment for transport
in the C~46 oargo plane, '

I, :“UTHORITY

2¢ Authoritye The authority for this investigation is cone
tained in a letter from the Chief ef Engineers, to the President,
The Engineer Board, dated 20 April 1944, file CE (20 April 44)
SPENE, subjeots Air Transport ef Standard Engineer Equipment
(Work Order DME 3388). A oopy of this letter is oontained in Ap=
pendix A,

IIT, INVESTIGATION

3¢ Procedures Twenty=-three items of standard Engineer
equipment were dismantled by enlisted personnel and loaded into a
wooden mock=up of the C-46 plane, Proceduros for the disassembly
and loading of the individual items of equipment inte this plane
are included in Appendices B through W,

4. Items of Equipment Studieds Each item of equipment was
the subject of a thorough study prior to disassembly, Certain ine
formation, pictures, and diagrams were found to be generally perti=
nent to all pivces of equipment and are included in the body of
this reperte Each piece of equipment is treated separately as an
appendixe The list of the equipment studied, together with the
pertinent teohnical manual, and the appendix in which each is dise
cussed, ip as follows:

. Teohnical
Equipoent Wnwl"  Appondix
Traotor, Crawler Type, Dicsel-.ngine driven,  5=5112 B

36=4C DBHP, 44-ineh Gauge, Caterpillar Model
De4, with Angledozer, LeTourneau CK 4, and
Power Control Uhit, LeTourneau T4.

-1-
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Wy,
Equipment . . ; g W

Tractor, Crawler Type, Diesel=engine-driven,

66 DBHP, Caterpillar Model D=6, with Trail-
buildsr, LaPlant-Choate R=61, and Power Control
Unit, LeTourneau R678. <.

Tractor, Crawler Type, Dieseleengine=driven,
80 DBHP, Caterpillar Model D=7, with Angledoger,
LeTourneau wcm, and Power Control Unit, R 7.

Tractor, Crawler Type, Diesel~engine-driven,
113 DBHP, Caterpillar Model D=8 with Angledozer,
LeTourneau CKD 8, and Power Control Unit, R8.

Grader, Road, Motorized, Diesel=engine-driven,
12=foot Moldboard, Caterpillar Model 12,

Grader, Road, Motorized, Diesele-engine-driven,
12«f% Moldboard, Gelion Model 10l=D,

Grader, Road, Motorized, Diaael-enéine-drivon,
12-ft Moldboard, Adams Model 6512.

Grader, Road, Towed, Leaning Wheel, Hand Con-
trolled, 12-ft Moldboard, Adams Model 124-S,

Crane, Tractor-operated, Nonerevolving, 40,000-
pound Capacity at 10~Ft Radius, 20=ft Boom,
LeTournesu Model M-20,

Crane;, Truckemounted on Coleman Chassis,
Gasoline-engine=driven, 3/8 cu yd, Quiclkmy
Converitble Unit Model E, with Crane, Dragline,
Shovel, Piledriver, and Cltuuhen Attachments.

Broclomay Truck Chassis (Alternate with Coleman)

Roller, Road, Towed Type, Sheepsfoot, Two-drum=
ineline, LeTourneau Type S, Model Y/l=2 or W-3.

Roller, Road, Towed, Wheeled, Rubbere=tired,
13 Tires, ¥Wm. Bros, liodel 67W,

Roller, Road, Powered, Gasoline, 3=wheel,
10=ton, Galion Model "Chief,"

Reller, Road, Powered, Gasoline, 2 Axle Tandem,
§ te 8~ton, Buffale Springfield Model KT-l6.

Technical
us, Appendix

5=3102

91773

5=30564

5«1018
5«1028
llfgr 'se
Manual

5-1092

5=9060

lifgr '5.
Manual
(Quiclkway)

5-1174 (Coleman)

10-1528

5=106C

6=514=3

§=1100

5-1142

L

M




Technical

Model D=4, Complete with Loader Bucket, Cable~
operated, Front-mounted, 3/4 Cu Yd, Trackson
Trax-cavator lodel T-4, and Traoksom Dozer
Attachment, (Notes NoneStandard Attach-
ments, )

5. Equipment Breakdown.

ae The task of sectionalizing various items of standard

Equipment ua Appendix
* Truck, Dump, on, 6 x 6, GMC, and 10=1663 Q
Truck, Dump, 2#=ton, 6 x 6, GMC, (Airborne). Mfgris.
Manunl
Truck, Fire, Powered, Crash, Class 136 Mfgris. R
Complete w/Equipment. Manual
Distributor, Bituminous Material, Trailer~ 5=E19=3 5 y
mowmted, 1260-gallon, Etnyre Model MK, Style RE.
Compressor, Air, Dieseleengine=driven, Trailer- 55100 T
mountad, Steel Wheels, 3515 cfm, Ingersoll-Rand
Model Noe 1K=315, with International Harvester
Bngine, Model We-18.
Soraper, Self=loading, Towed, Cable«operating, 6=1210 U
8 Cu Yd (Struck), LeTourneau Model LS (Airborne)
Crushing and Screening Plant, Gravel and Rock, 51037 v
2 Units, Gesoline~engine~driven, Semi-trailer Mfgr's
Mounted, with Dollies, 26 ou yd Per Hour, Manual
Iowa Mfge¢ Col., Model 26 Cu Yd
Traotor, Crawler Typs, Diesel-engine=-driven, Mfgr's "
36-40 DBHP, 60-inch gauge, Rigid, Caterpillar Manual 1

Engineer equipment into sub-aseemblies which will fall within
the woeight and dimensional limitations of the C-46 Cargo Plane
is one that should present little difficulty to mechanics
familiar with the equipment. It is, of ocourse, advisable to
avoid any wnnecessary dismantling, that is, stripping main
sub~aseemblies down more than is needod to come within ths

weight limitations and requirad size for entrance through the
plane door. It is emphasiged, howeve:, that diemantling,
though longer in point of time, is & great deal more desirable
than outting and installing bolt plates, sinoce the equipment
is materially weakened by the latter prooedure,




be  Sometimes it may expedite dismantling procedure to
make Tinor cuts where members not requiring appreciable
structural strength are involved. This may frequently be
the determining factor in bringing a certain sub-asgsembly
within required limitations of size or weight; in addition,
it may facilitate the procedure by eliminating the necessity
for removel of numerous boltse In these instances, outting
and later rewelding are advisable, Owing to size or weight,
some items of equipment may require outting of major members;
instructions for outting and reassembly of the members so cut
will bs found in the appropriate appendix to this reporte In
planning plane loads, thought should be given to the sequence
of reassembly, and parts or assemblies needed first for re=
assembly should be in the first plane.

Oe A Quickway orane, or an improvised boom mounted on
e 2i=ton truck and using the truck winch for power, is recom=
mended for handling subeassemblies while dismantling and re~
assembling machines. If such devices are not available, shears
or gin poles may be used, but they will require slightly more
time and men. Taokle arrangement is shown in Fig. 1.

de The weights of the various sub-assemblies of equip-
ment are given in the appropriate appendix to this report. In
transporting other items by air, the subeassemblies should,
where possible, be weighted, or the weights olosely estimated
for purposes of proper loading inside the planes.

8¢ Care should be taken, when handling dismantled
machinery, to prevent damage to exposud partse. Exposod
threads and other working parts subjeot to rust or corrosion,
should te covered with groase, and openings should be stuffed
with clean rags to prevent entry of foreign matter. Delicate
parts should bo wrapped with burlap or other oloth to prevent
damagse Air lines and hydraulio lines, as a general rule,
should be removed from large assenblies to prevent damge in
handling. This rule upplies to any easily damaged parts
which oan be roadily removede In most cases, the engine umit

may be kept intaot and with oareful handling, partioularly in
loading, should not suffer any damaze,

Lo With a little ingenuity, »imost any piece o standard
Engineer equipment may be dismentled with tools normlly oare
ried by the using units The need for special pullers is
elininated by expedients. It is wise to carry a supply of
misoellanecus nuts, bolts, lockwashers, cotter pins, and gos-
ket material to replace those lost or damaged during disase
semblys A sufficient quantity of welding eleotrodes must also
be carried to reweld any members which require this worke




Eleotric welding only should be utilized, The members to be
so joined should be "Venotched" to insure that the weld has
at least the same depth as the out. Reinforcing straps should
be used, and welded along the side only (it is not edvisable
to weld the ends). Before rewelding, the two pieces to be
Joined should be jaoked into as nearly perfest alignment as
possible, In the oase of dozer yokes, the two halves can be
mownted on the traotor and welded while in place. (See Fig.
2.) During reassembly, proper care should be observed in
meking neoessary adjustments to mechanical parts whioh may
have bzoome disturbed during handling,

g+ The tools and equipment generally required for
dismentling standard Engineor equipment are as followss

(1) First echelon equipment sets
(2) Automotive mechanics set

(3) Master mechanios set

(4) Sooket set - heavy duty to 2 3/8-inch
(5) Crescent wrenches, l2-inoh

(6) Openvend wrench Set to 1dvinoh
(7) Pipe wrenches, 18 inch

(8) Allen wrench sat

(9) 40 inch pinoh bar

(10) 60 inoh piroh ber

(11) 8-pound sledge hamrer

(12) 12-pound sledge hammer

(13) 8-ton hydraulio jeck

(14) 10-ton Porto-Power hydraulio press wunit

(15) Drift pins, 12 to 18 inch




(16) Electrical welding set

(17) Acetylene welding set

6. Loadigs and Load Ldmitgtions.

a. In order for an airplane to fly, end for its path
of f1Tght to be controlled by its tail surfaces, it is
necessary for the center of gravity (normally expressed as
cg) to fall within certain limits. These limits are some-
times expressad as a percentage of the mean serodynamic
chord of the wing (% MAC). However, for weight and balance
purposes in this report, ihe limits are expressed in inches

from the reference detum line.

be. The reference datum line is at or nesr the nose
of the airplane, and the distances from it in inches are
known as station numbers. Thus station number 263 (STA
263) is 263 inches from the nose of the airplane. In order
to find the og (or balance point) of a loaded airplane, it
is necessary to know the og of the airplane without pay
load, and its basio weight, as well as the weight and
location of the pay load. Each airplane of one type may
have a separate and different basic weight and cg because
of unlike modifications, repairs, and equipment. These
data for a specific airplene may be obtained from the
pilot or crew chief.,

c. To find the cg of a loaded airplane is a simple
problem involving moments about an imaginary axis, i.e.,
the reference datum line. The weight of the plane and
of each item of cargo is multiplied by its respective
moment arm or distance in inches from the reference datum
line. The sum of these moments is divided by the total
welght of the airplane and its load to determine the
moment arm of the loaded airplane, or the station number
of the og. For example, assume the following conditions:

A C-46 plane with its crew, fuel, oil, equip-
ment, etc., weighing 40,740 1b, with the cg falling at
STA 3263 a plece of freight weighing 6CO 1lb and centered
at STA 3055 aend a piece of freight weighing 7600 1b and
centered at STA 363.

-6
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Proceed as follows:

40,740 1b x 326 = 13,281,240 inch pounds
500 1b x 305 = 162,500 inch pounds
7,500 1b x 363 = 2,647,500 inch pounds

Total weight =« 48,740 1b 16,081,240 inoh pounds =
' Total moment

Resultant moment arm or STA number of the og:

16,081,240
T 48,740

330 = Station number of og

Since STA 330 is within the safe limits for
og location of a C-46 plane, it is not mandatory to ad-
Just the load. However, the flying conditions could be
improved by moving the load forward, if practical, so
as to bring the oy closer to the desired position of
STA 323.

d.  Fach cargo plane is equipped with a special
slide ruly known as a "Load Adjuster" which may be
used to determine safe loading arrangement of the
plane. Proper use of the load adjuste- is depen-
dent upon knowledge of the basic weight and lndex
of the particuler plane. The basic welghtand index
of a particul-.r plane are no/mally obtained from a
oard beneath a transparent window on the back of
the load ad juster case or may be obtaired from the
pilot or crew chief, Instructions for use acoom-
pany the load adjuster.




e. To meet the need of a rapid method of estimating
proper cargo location in advance of loading by personne
not having a load adjuster available, a ohart for oargo og
limits was developed, (See below.) The data upon whioh
this ohart is based were fur.ished by the Air Transport
Command and are reasonably standard for the majority of
C-46 planes. For safety, loads whioh have been placed by
using the chart should be checked with & load adjuster,
using the basio data for the specifio airplane. The data
upon which the ohart was based follows

Basio weight - 30,690 pounds
Basio arm - 330,75 inohes
Basio index - 68

Crew - 3 members, each with 50 pounds of
baggage

Gasolins - 1,400 gallons, all carried in wing
tanks

041 - 120 gallons

To use the chart, draw a horirontal line inter-
secting the total cargo weight as shown insthe left margin.
Where this line interseots the curves, draw vertical lines
to the soale at the bottom of the obart. The oargo must be
placed so that the cg of the cargo is between the limits
thus found, and should be as near the desirable station as
possible. (Great care should be exercised to keep the og
of the cargo well inside of the fore and aft limits, so
that the normal movement of the passengers and orew will
not cause the og to fall outside the limits; the extreme
allowable limits are highly oritical and it is quite dan-
gerous to exoeed them. A oonsiderable safety factor was
used in spaoing the loading range on the load adjuster,
(See ohart on opposite page).
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FIG. 1. TACKLE ARRANGEIENT SHOWING TYPICAL LOADING
USING SHTARS,

FIG., 2, DOZER YOKE, WHICH HAS BFEN CUT, R2MOUNTED ON
TRACTOR AND JACKED:-INTO PLACE FOR REVELDING,

i




fo In order to prevent serious damage to the plane,
care must be exercised to distribute the weight of heavily
ooncentrated loads, such e&s engine blocks and other large
sub=assemblies of machinerye Also some neans must be pro=
" vided whereby large heavy pileces mny be shifted fore and aft
in the plene to obtain preper balances A scheme for acoomp-
lishing both of these ends is to use sleds, as shovm in Fig.
3, and the tackle arrangement, as shown in Fige 4o For cer=
tain diffioult loads, special sleds such as the ones shown
in Figse 6 and 6 are usede The floor oonstruction of the
C~46 is quite light, and for that reason most of these planes
are equipped with "task force flooring". This "task force
flooring" consists of panels of laminated construction. The
panels are fastened to the floor of the plane and help to
distribute the load properly. Heavy equipmont should not
be transported in a C+46 plane whioh is not so dquipped.
Even with this extre flooring, it is best to keep the loads
within 500 pounds per running foot of sled. Where this fige=
ure is exoeeded, it is advisable to place long boards under
the sled runners to further distribute the loads Sled run-
ners and boards should be greased to facilitate movement of
the sleds,

ge The maximum permissible payload of a plane varies
with the distance of flight, speed, altitude, amount of fuel,
personnel, equipment oarried, etce To minimize these variables
for the loadings presented in the appendices to this report,
if is assumed that the oil tanks and wing fuel tanks will be
filled; that there will be three crew members; and that sach
nmember will be allowed 50 pounds of baggagee The Air Trans-
port Command was consulted for basio weipht and basic arm
data which will be reasonably standard for the majority of
C-46 planes in servioe. These were given as 30,690 pounds
end 330,75 inohes, respectively, and result in a"lessecargo=
woight" of 40,740 pounds and a "less-corgoe-arm" of 326 inches,

Data regarding the physioal and loadini charactsristios of
the C=-46 pleane follows

(1) Physical Characteristics of C-46 Cargo Plane

Item
Normal cargo load 8000 - 9000 pounds
Normal fuel 1400 gallons

(8400 pounds)
Normal oil 120 gallons

(900 pounds)
Normal crew 750 pounds *

Maximum weight at taks-off 49000 pounds




Iten

Maximum landing weight

Smooth runway 46000 pounds

Rough runwey 44000 pounds
Cargo door

Width 962 inches

Height = front 79 inches

rear 79 inches

Maximum range 1500 miles
Approximate interior dimensions

Meximum center height 83 inohes

Width of floor (clear) 96 inches

Length 676 inches

* Includes 50 pounds baggege per man

(2) Loading Charaoteristics of C~46 Cargo Plane

Forward Safety Limit of eog

NAC 20%

Station number 308
Aft safety limit of og

MAC 28.85%

Station number 323
Desired cg (gross load)

MAC 34%

Station number 232

he Various methods may be used to raise pieces of

eéquipment from the ground into the plane, Again the Quickway
Crane ar truck boom mentioned in peragraph 6 may be employed,
The item to be loacded is huld in the air close to the foor

of the plane, and is smung into the plane by man power or by
the use of tackle rigged inside the plane, In the absence

of such powered equipment, shears may be used, and are probe
ably better for the larger and heavier pieces. The shears
(Fige 1) should be oonstruoted of 16-inch rownd timbers about
35 feet long. Two sets of tackle should be used on the shears
and each should be reeved with triple blockse The fall lines
should be run through single blooks lashed to the foot of the
logs, and the pull made with a 1/4=ton truck, small tractor,
or other powered vohicle, The shears should be set in holes
17 feot 6 inohes apart (inside to inside) and on a 1line 3 feet
from the planes They should be guyed with tackle fore and aft

«l2e
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FIG. 5. MODIFICATION OF THE STANDARD SLED (SEE FIG. 7).
This one is used with the frame of the Adams 512 motor

grader.

PIG. 6, ANOTHER EXAMPLE OF A MODIFIED SLED., This sled
is used with the transmission of the D-8 tractor,

-15-




METHOD OF TYING GUY LINE TO DOOR

FIG. 7.




FIG, 8, DOCR STRUT WHICH MUST BE UNFASTENED

«17=
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FIG. 9. ONE CARGO DCCR BEING RAISED

-18-
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FIG. 10, CARGO DOOR IN POSITION FOR LOADING WITH SHEARS. Front <iew,
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FIG. 11. CARGO DOOR IN POSITION FOR LOADING WITH SHEARS.

~20=

Front view,

T rer




FIG, 12, CARGO DOOR IN POSITION FOR IQADING WITH SHEARS, Rear view,
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FIG., 13, ALTERNATE METHOD OF ARRANGING REAR GUY LINES
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so that they may be ruadily tiltod when loading heavy ascom=
blies through the plane doors The tackle inside the plane .
may be fastened to the snatcheblock ring opposite the door,
which is also used for pulling equipment into vhe plane when
ramps are used (Fige 4)e Loads may be pulled forward in the
loading compertment by use of the holdfast shown in Fige 4
Heavy loads may be pulled forvard in the plane muoh more
readily if heavy grease is applied to the floor area on

which they slide.

i. Fige 1 shows a typical load being placed in a moock=
up of a C=46 Cargo Plene by use of shears as described abovee

Je Equipment used for loading as suggested above includess
(1) Shears:

) 2 16einch x 35=foot Timbers

) 4 6=inch Triple Blocks

) ¢ 6=inch Double Blooks

) 2 6einch Single or Snatch Blocks
) 500 feet of l=inch Rope

) 400 feot of 3/4=-inch Rope

(2) Tackle inside planes

(a) 4 6-inch Doublo Biocks
(b) 250 feut of 3/4=inch Rope

(3) Pull inside plane:

(2) 1 3 x 12 x 64=inch Lumbor
(b) 1 % x 6 x 6 x 12-inch Anglo Iron
(¢) 3 3/4 x 4-inch Cap Screwvs

(4) Miscelleneous slings and lashings:

(2) 100 feet of 5/8=-inch Cable
(b) 50 foet of 3/4=inch Cable

(¢) 24 &/8=inch Cabls Clamps

(d) 12 3/4-inch Cable Clamps

(e) 200 feet of l-inch Rope

ke Extremely long items such as the frame of a truck
should bo loaded with the forward erd on one sled and the at't
end on anothere. For moving the sleds forward, a piece of
cable may be anchorod to the front two tie-dowm points, as
shown in Fige 4, and taclkle fastened betwson this fitting
end the sled to be moved,




1. The following steps should be followed to raise the
cargo doors to permit loading with shears:

(1) Using Z~inch diameter manile rope or its equiv-
alent, attaoh two pieces, each approximately 50 feet long,
to the forwerd lock of the forward door, and two pieoes,
each approximately 50 feet long, to the aft lock of the
aft doore (See Fige Te) Throw one rope from eech door
over the fuselage and allow the other to drop to the
ground.

(2) Remove the cargo door struts from both doors
by removing the extreme boltse. (See Fige 8.) Cautions
These struts are heavily spring=loaded and will extend
when releaseds Damage to equipment or personnel is
possible unless the struts are handled with cares

(3) In the fully extended and locked position, the
struts may be used to raise the door to a position where
the ropes oan beoome effectives (See Fige &) Care must
be taken when raising the door to prevent damage to the
hinges by allowing the door to swing too far opene

(4) When the door is raised, the four ropes should
be securely tied down to the ground. (Ses Figs. 10 and 11,)

(5) An alternate method of holding the doors in an
upright position is to pass the back ropes completely
under the fuselage, bring them into the cargo compartment,
and tie them dovn to cargo tiee=down rings. (See Figs.

12 through 15,) This alternate method still requires
external tyingedovm of the ropes on the cargo door side,

IV, DISCUSSION
7« Genoreal.

as The problem involved was one of brooking down stane
dard Engineer equipment into subeassemblics thet would be
within tho size and weight limitetions of the C~-46 cargo
plane for transport into otherwise inaccessible areas. It
wag assunod that for initial proparation of landing strips
the light Airborne Engineer Aviation equipmont would be used,
but thet as soon as possible standard equipment would be
flomm in to dovelop the strips for use by a-l typesof combat
aircraft, and for goneral maintenance,

=26




be The problem was worked out on the premise that prep-
aration for air transport would be performed by units using,
wherever possible, only the equipment and tools available within
.the organizations, The simplest methods were used throughout,
on the assumption that units not highly trained in such a trans=
portation procedure may be suddenly called upon to perform air=
borne missions., Certain pieces of equipment 1listed herein are
applicable not only to Aviation Engineer units, but also to units
similarly equipped, such as Combat Engineer and General Service
units, The loading principles stated apply in general to any
type of equipment to be transported by air in this type of plane,

S+ It should be noted that the information presented on
plane weight characteristics and load position included in the
appendices, is sample data only; local conditions as to load
limits, condition of runways, plane characteristics, and other
variables will modify the data accordingly.

8., Source of Information. Every availsble source of informa-
tion was utilized in the study of the problem, Comnercial Airlines,

the Air Transport Command of the Army Air Forces, and the Curtiss-
Wright Corporation were called upon for information concerning air-
plane loading and flight characteristics, Individual members of
these organizations proved exceedingly cooperative, Full use was
nade of data published by the Army Air Forces, The advice of mamue
facturers of the various items of Engineer equipment was sought prior
to breakdown of individual items,

V. CONCLUSIONS

9. Conclusjons. It is concluded that:

.8« For almost every plece of construction equipment stan-
dard in the Aviation Engineer Battalion the problem of air trans-
port in the C-46 plane is feasible, The time involved in prepa-
ration both before and after the trip by air is relatively short,
Methods required are simple, and allow any unit to transport its
equipment by air with 1ittle or no prior training, provided it is
furnished an instructional guide,

b. A1l items of equipment considered may be transported in
the C«46, with the exception of the standard model LS Scraper, as
the scraper bowl is too large to enter the plane., The scraper may
be converted by the using unit to the airborne model, if sufficient
time is allowed, by following the instructions in Engineer Board
1 o D18 a A . B 5 -

-----
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gce In eddition to the equipment items considered hereln,
many other standard Engineer {tems of equipment can be loaded,

VI. RECOMMENDATIONS

10, Recommendations. It is recommended that in any equipment
1ist for & unit transporting its equipment by air, provision should
be mede for the airborne model of the bituminous distributor, and for R

the factory-supplied conversion kits for the 23-ton dump trucke.

Submitted by:

(; John S, Carothers /

i ajor, Corps of ingineers

Chief, Air Transport Section

_ N7 Col., Corrs of Engireers
Chief, lechanical Equipment Eranch

rward

Karl F, Eklund \

L+, Colonel, Corps of Inrineers
Director, Technical Division I1I
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WAR DEPARTMENT
OFFICTZ OF THE CHIEF OF ENGINEERS
WASHINGTON

CE(20 Apr 44)
SPENE 20 April 1944
400,1 (GNS 355)

Subjeot:s Air Transport of Standard Engineer Equipment
(work Order No. DME 3388)

Tos The President
lhe Engineer Board,
FORT BELVOIk, VIRGINIA.

1. 1In Viork Order No. DEE 3025 dated 14 September 1943, and
supplement No., 1 thereto, dated 1 Ootober 1943, there was established
the initial liet of fourteen (14) items of equipment and five (5)
types of airoraft to be considered in the study of disassembly, load-
ing, unloading and reassembly of engineer equipment for transport by
aeir. In oompliance with various subsequent requests, additional items
have been authorized in Viork Orders No., DME 3167 dated 9 Deoember 1943,
DME 3183 dated 18 December 1943, IME 3275 dated 16 February 1944,

DB 3336 dated 23 Maroh 1944 and DME 3667 dated 13 April 1944, to the
extent that the ourrent list contains twenty (20) items of equipment
end six (6) types of airoraft as follows:

a. EquiEent

(1) Treotor, Crawler Type, Diesel, n/Angledozer,
80 DBEP Caterpillar, kodsl D-7.

(2) Soraper, Self-Loading, Towed Type, Cable upera-
ting, 8 Cu. Yd. (Struok) LeTourneau iodel LS.

(3) Grader, hoad, Motorized, Liesel Engine Driven,
12 Ft, woldboard, Caterpillar nodel 12.

(4) Crane, iraotor Operated, Non-revolving, 40,000
Pound Capaoity et 10 Foot Redius 20 Foot Boom,
Lelourneay iiodel »-20.

(8) Crane, Truck Lownted, Gasoline Driven, 3/8 Cu.
Yd,, <ulokway liodel 5.

(6) Truok, Dump, 2-1/2 Ton, 6x6.

(7) Greder, Road, Towed, Leaning wheel, Hand Conue
trolled, 12 Foot lkoldboard, Adams Model 124-S.
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(8) Roller, koad, Towed Type Sheepsfoot, Two=Drum~in=
Line, LeTourneau ¥odel W+2,

(9) Compressor, Air, Trailer iiounted, Steel Wheels,
Diesel Engine Driven, 315 C.F.M.,, Ingersoll-Rand,
hodel No. 1K-315,

(10) Roller, Road, Towed Type nheeled Rubber Tired,
13 Tires, Wme. Bros. uodel 67TW,

(11) Roller, Road, Gasoline, 3-Wheel, 10 Ton, Galion
ilodel "Chief".

(12) Roller, Road, Powered, Gas9line, 2 Axle Tandem,
5-8 Tan, Buffalo Springfield, siodel KT16,

(13) Distributor, Bituminous Material, Trailer lMounted,
1260 Gallon, Etnyre Model MX, Style RE.

(14) Tractor, Crawler Type, Diesel, W/kngledozer. 113
DBHP, Caterpillar model D-8,

(18) Tractor, Crawler Type, Diesel, W/anledozer; 55
DBHP, Caterpillar ifodel D-6.

(16) Trueck, Fire, Pewered, Crash, Class-135 Complete
W/Equipment.

(17) Crushing and Screening Plant, Gravel and Rock,
2 Units, Gasoline Engine Driven, Semi-trailer
Mounted, with Dollies, 25 Cu. Yd. Per Hour,
Iowa Mfg. Co., lodel 25 Cu.Yd.

(18) Tractor, Crawler Type, Diesel Engine Driven,
35-40 DBHP, higid, Complete with Loader Bucket,
Cable Operst.d, Front Mounted, 3/4 Cu. ¥d., and
Lozer Attachment, Caterpillar liodel D-4, 60" Gage,
Traokson Trax-oavator jodel T-4, and Traoksen Dorzer
Atteohment., (Note: Non-Standerd Attachments).

(19) Grader, Road, motorized, Diesel Engine Driven,
12-Ft. lioldboerd, Galion iiodei 10l1-D.

(20) Grader, noad, Lotorized, Liesel Engine Driven,
12-Ft,. noeldboard, Adams hodel 6512,




T

b. Types of Airoraft.,

(1) C-47
(2) c-54
(3) c-46
(4) c-87
(5) cG-13
(6) c-82

2. In view of the urgent need that information resulting from
the study be made available for distribution, and in view of the
probability of further expansion of the study, it becomes necessary
fhat reports be prepared on the basis of the presently authorized
list detailed in the preceding paragraph, and that the publication
of these reports shall not be delayed by reason of oonsideration of
items other than those now authorized.

3. Therefore, the Engineer Board is direoted tos

a. Prepare and publish an addeadum to the report "Disas-
sembly and Loading of Standard Engineer Equipment for Transport in
the C-47 Cargo Plane" (dated 24 January 1944) which will include the
results of study of eaoh of those items of equipment listed in para-
graph la above, not covered by the original report.

b, Prepare and publish reports, similar in form to the
report "Disassembly and Loading of Standard Engineer Equipment for
Transport in the C<47 Cargo Plane” (dated 24 January 1944) oovering
each of the following types of airoraft: C-54, C-46, C-87, CG-13
and C-82. Each of these reports will inolude the results of the
study of each of the items of equipment listed in paragraph la
above, for transport in the sibjeot types of aircraft,

c. Publish the r¢ports and the addendum specified in
the preceding sub-paragraphs at the earliest postible date without
hindrance or delay due to inclusion therein of icems other than
those presently authorized and listed under perag-aph 1 above.

4. It is requested that one hundred and fifty (150) copies
of each of the reports and of the addendum required under the pre-
ceding paragraph, be fumished this office for distribution.

6. In a memc to the Chief, Training Branoh, r Plens Divi-
sion dated 11 Februa>y 1944, subjeot "Technical Bul ctin on Disas~
sembly and Loading of Standard Engineer Equipment for Transport in
the =47 Cargo Plane", this offioce requested that a Teolmical
Bulletin be prepared by the Engineer Sohool from data contained in
the subject report and published in quantity, for wide distribution.
and also requested that the Bngineer School cortaot the Exgineer
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APPENDIX B

DISASSEMBLY, GROUPiNGS, AND LOADING OF THE TRACGICOR,
CRAWLER TYPE, DIESEL-ENGINE=DRIVEN, 35=40 DBHP,
44-INCH GAUGE, CATERPILLAR MODEL De4, WITH ANGLE

DOZER, LETOURNEAU CK 4, AND POWER CONTROL UNIT,
LETQURNEAU T4




1. Generel. The total weight of the Caterpillar D-4 is 15,987
pounds, IT requires two C-46 oargo planes for transportation.

2, Dismantling. Following are the only pieces which need be removed

from the D=4 In order to load it:

(7)
: (8)

Dozer blade

Yoke and sheave

Reear "A" frame

Front "A" freme

Box beam

Two tracks

Two track roller frame assembly and covers
Two track rolier freme assemblies.

3. Loading. A special sled should be constructed for load No. l.
This piece welghs 8,365 pounds, and must be carefully handled while loading.
The runners for the sled must be at least nine feet long, and it is recom-
mended that the runners be equipped with a metal cover order to faoilitate
moving the load forward into its proper position. Metal tracks on the
plane floor will also help reduce the sliding friotiom of this load. Plenty
of heavy grease must be used under the runcers while pulling the sled forward.

4, Man-Hours., A crew of six men worked the following hours:

Dismantling 2 nen 8 mh

Loading 4 men 28 mh

Unloading 4 men 22 mh

Reassembly 2 men 9 mh

Total 87 mh
-37-
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FIG, 17 MOCK-UP LOADED

PLAYE NO. 1
Iter ielght
D/ less items reroved and placed irn load no. 2 8365
Londing Unlgad
4 ren = 12,00 man=hours 4 men = 10,00 man=hours
-3q-
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FIG. 19 'OCK-UP LOADED
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APPENDIX C

DISASSEHBLY, GROUPINGS, AND LOADING OF THE TRACTOR,
CRAWLER TYPE, DIESEL-ENGINE~DRIVEN, 56 DBHP, CATER«
PILLAR MODEL D=6, WITH TRAILBUILDER, LAPLANT=CHOATE
R-61, AND POWER CONTRQL UNIT, LETOURNEAU R678

43«




1. Gemr‘lo
pounds, and It requi

2, Dimantling. In disassembling the D-§,

(1) Blade and yoke s one unit  (11)
(a) Separate blade from yoke

(2) Break and lay out traoks (12)

(3) Engine hood

(4) Bleed hydraulio system

(6) Blade lift mechsnism

(6) Radiator guard plates

(7) Rediator soreen (18)

28 Rediator (14

8) Crankcase guard plates (16

(10) Rydraulic lines ?2) (16)

S Loading.
properly the B,;SB pound weight of the engine and
friction by metal facing the
The yoke must be loaded, as showm in Fig,
through the door toward the rear of the plane and

second yoke leg into the plane by pulling the yoke forward into loaded position,

4, Man-Br &, ? r- - Af 7 rov wm-vad t+
Disassembly S men
Loading 4 men
Unloading 4 men
Reassembly S men
Total

Approximt; total time in
is 9 hours and for operation

FIG. 20, LOADING THE

-

sled runners and greasing the
20, by passing one yoke leg

preparation of equipment for flight

after landing is 11 hours.

Total weight of the D=6 Caterpillar tractor is 24,565
res three C~46 oargo planes for transportation.

use the following sequenoce;

Floor boards and dash board
side plates (7 pieces)
Remove, as one unit, seat
frame, fuel tank, rumming
boards, lights, tool box,
and hydrsulio oil tmk and
valve,

Track roller frame guards (2)
Power control unit

Irack roller frame assemblies (2)
Traocks

A sled at least 94 feet long is necessary to distribute

frame group. Reduoce
plane floor,

then by bringing the

"~llowing poriods;

24 mh )
26 mh : '
20 mh
30 zh

YOKE
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FIG, 22 MOCK-UP LOADED

PLANE NC. 1

Item

Tracks (2)

Track roller frame assemblies (2)

Track roller frame guards (2)

Radiator and supports
Radiator guard
Radiator guard plate

Loading

4 pen - 8,00 man-hours

Weight

3520
4620

196
133

Total '§§§%‘

Unloading

4 men - 6,00 man-hours
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FIG. 2/ MOCK-UP LOADED

PLANE NO. 2
Item Weight
Engine and frame assembly 8775
Hoxd .., 5N
Total 8834
Loading Unloading

4 men - 8,00 man-hours 4 men = 6,00 man-hours
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1 FIG. 26 MOCK-UP LOADED

1 PLANE NO., 3

It Weight
Yoke 1350
Elade and 2 side arms 2035
Crankcase guard plates (2) 378
Running boe+ds, fusl and hydraplic tanks, headlamp

assenbly 853
Blade 1ift mechanism 945
Hydraultc lines (2) 38
Power control unit 1485
Radiatcr guard, screen and 2 side plates 191

Total ns
Loading Unioad
4 B - 10,07 men~-hours 4 men - 8.00 mern~-hours
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APPENDIX D

DISASSEIBLY, GROUPINGS, AND LOADING OF THE TRACTOR,
CRAWLER TYPE, DIESEL~-ENGINE-DRIVEN, 80 DBHP, CATER=

PILL4AR NODEL De7, WITH ANGLEDOQZER, LETOURNEAU WCK7,
AND POWER CONTROL UNIT, R 7

=53~




le Generals The total weight of the D=7 Tractor is 33,015 pounds,
and it requires four C-46 cargo planes for transportation,

2e Dismantling., Since the engine and transmission can be loaded
ag a unft, and need not be dismantled, there were no difficulties
encountered in disassembling the tractor in the following sequences

(1) Blade and side arms

(2) Yoke

(3) "c" frame

(4) Rear ™" frame and ridge beam
(5) Front power control wnit

(6) crankcase guard plates

(7) Hood and side panels

(8) Radiator and guards

(9) Air Filters

(10) Ssterting engine

(11) Traok roller frame guard plates
(12) Tracks (breek and lay out)
(13) Rear power control wnit

(14) Track roller frame assemblies
(15) Drawbar group
(16) Final drive housing and sprockets

3¢ loading, The yoke of the angledozer is too lerge to load as
one piece and must be out in two (See Fige 37). By cutting the yoke
20 inches from the center line as shown, the cut will miss both the
external and internal reinforcing bars,

The loading of the engine=transmission group is shown in Figs,
27 and 28, The minimum length of the sled for this group is 10
feet,

4s  Mane-Hourse A orew of four men worked the following hourss

Cutting yoke 1 man # mh
Dismantling 2 men 56 mh
Loading 4 men 36 mh
Unloading 4 men 32 mh
Reassembly 2 men 5¢ mh
Welding yoke 2 nen 4 nmh
Total

)




FIG. 27 ENGINE-TRANSMISSION CROUP ON SHFARS RFADY
TO BE TILTED INTO THF DOOR

FIG. 28 ENGINE-TRANSMISSION GROUP RFADY TO SET
DOWN INSIDE DOOR

-57-
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FIG. 30 MOCK-UP LOADED

PLANE NO. 1
Itea Weight
Tracks 5050
Track roller ‘came assemblies 2835
Crankcase guard plates 610
Total 8495
, Loading lInLoading

4 nen - 8,00 man~hours 4 men - 8,00 man-hours
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FIG. 32 MOCK-UP LOAIED

PLANE NO. 2 -
Item Weight ‘
Bquilizer spring 800
) Radiator with grill and gusrd 575
Drive sprockets «ad final gear housing 1520
%Cc® frame group 750
Track roller frame assembly 2835
Starting engine 340
¥ Power control unit 1
' Total
Loading Unloading
4, men - 12,00 man-hours ., men - 12,00 man-hours
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FIG, 34 MOCK-UP LOADED

PLANE NO. 3
Item Weight
Engine and transmission assembly 8830
Loading Unload

4 men - 8,00 man-hours . men - 8,00 man-hours
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FIG, 36 MOCK-UP LOADED

PLANE NO, 4

tem Weight
F‘rox{ninch with cover 570
Drawbar group (2 pes) 430
Rear "A™ frame with ridge beam attached 160
Dozer Blade 2480
Track roller frame cover guards 300
Yoke (2 pes) 1670
Seat, fender, and fuel tank assembly &7
Hood 58

Box containing:
Gaskets, fan wheel and belts, bolts and
nuts, air cleaner, spruocket holder assembly,
floor boards, power control unit lever,

track pins 6;5
Total 0

Loading Unloading
4 men - 8 man-hours 4 men - 4 man-hours
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APPENDIX E

DISASSEMBLY},GROUPINGS; AND LOADING OF JHE
TRACTOR, CRAWLER TYPE, DIESEL~ENGINE~DRIVEN,
113 DBHP, CATERPILLAR MODEL D=8 WITH ANG<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>