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No. 3 bloom apd Billet Kill to the-flo. 2 Rod Mill of Fhe
Steel Comparny of Canada ;5 dealt with in’thi? report. An
ori;inal ;olutian ils prqpqsé in the fdhn'of'ﬁmgpibious

vehicles plyinr a water raute in Hamilton, Bay between the -
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. two mills., ' T
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A, . INTRODUCTION
’ . rd B B .
1.1 STELCO TEAMSGPCHTATION SYSTEM

3y

-

It is a _known fact that. moat if not éll, 3teel
producing coapinies occupy a vaut area o\ land. to accomodate
the freat°stockp1}inb and“storage areas as-uell as the huge

o nil‘ buildlnrd necessary for the steclmaking and steel

[ I -

V. , . !
- [ ‘s

flnlshmng procesges.

' The SteeI'Company of Canada is no eiéeptioh to this

rule if one consxders that it occupies an anea of about

-1050 acres at iilton works in HaniIton with dozens of mill
— F
buildmgs interconnected by -roadways nd a lbo:nile long railway

'netnor&. "The transportation system f{o road and trdck operatigns

is one which requires very large inves ments ‘of capital for the

purchase and. *aintenance(;;\;\uézig& -of trucks, locomotives  '

and rollinp stock.. The Steel Company of Canada at Hilton WOrkg
“-___‘ -—

" alpne operate* a fleet of road vehicles of about 4LO large trucks,

A

Vand ra;lha) ‘equipment consisting of 30 locomotives and approx-

" imately 800 pieces of rolling_stock representing an investment

f‘“T\\\igxloCOmoyzves cars ahd road vehicles of approximately

b Eo)ﬁillioh dollars not gounting tracks, roads and maintenance. -
i, ..

' Theoreticall} considerable savings could be realized by’
eliuinating, ,or at least reducing, the nepd for transportanion
within a steel plant, Thisacould ba done to some extent if a-

company. dec ided no build a new Plant on a" "green field" site. .

&

-



STELCO THAHSPOREﬁTION SYSTE4 -~ (cont'd.) - S

INTRODLCTZON  {cont'd.)

Thia was not the caae with Stelco: the pfesent§'

company was formed in 1910 by the amalgamation of 5. existing

‘companies alrgady operating on thewsite of the prgsentlHilton

' Works, sothapéﬂd)overall planning could be d%ﬂ? effectively:

- One‘muéi alsd menbidnlthat the boainion of Canada in

’

-I910 had a population of only about 7 million - too small a

market for a very large investament at the outset for a steel

. 3 ‘ . . . )
5 . -
o - : \ , . . .

'Thh Piant davdloped therefore with the‘increase in

—_—

population an&ﬂncw mills were added to the existing ones,

.'thereby complicating thg mdveﬂ:hu'of material from ona to

the other. Today Hilton Work as almqst reached the satur-

ation point and the 00mpany must look glsgwhare-fpr‘éipansion,

"
L

Present operations in Hilton ﬁcrka involve the making

of Steel products such as Plate, Skelp, Tin Plate, Galvanized

e :‘Coila%;Sheeta, etc., through mostly conventional processes. -

Pour Blast Fﬁrnéces proddcé the liquid iron which is

'granaformed into steel in the Open Hearth Furnaces and Oxygen .
‘Feéssels, poured into irgots and delivered to the rolling mills
"for_ghe finishing operaticns.

'
e v

works as Lgrge as we have today. o ’ A



1.1

1.2

p 3 |
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INTKOUUCTION  (cont'd,)

STELCO 'RnF""O?TnTiOd b\onl (conttd.}) ‘

The . imgortance of. transportation equipment will be

CTN
appreciated if one looks at the dispe¥51on of the differeno

mills on the 1050 af}es of the Hilton_dorks propert};

. +
b

In aidition, Stelco Just supply- steel ‘to the other
finishing works locatqd elsewhere in Hamilton\ the. aain-ones

being the Ho. 2 Rod Mill located on a 120° acre lot bordering

A

) the bay and the Reinforcing Dept. which occupias 32 acres,

,again along the bay. S .

a .
- -

. The following study will deal with one of the existing
transportat-on pro T3, Specifically it will be the supply

of. steel billets from the producing a@ill - No. 3 Bloom ands

Billet Hill - to tne finishing mill - the MNo. 2‘Rod-Mili. '

EXISTING FROBLIL OF TRANSSORTIING 2:LaETS TO NO. 2 RCD HILL
i / | |
“The pfoduction of billets. was originally ca"ried out in._

ohe'ﬂo. 1 Eloon h"o =i‘1°t Hill, ghich was built in 1913 and
thereforc was ofie of ‘the first bailoinbs to go up after the .
amalgamation. ‘ﬁaxt o that ouilding ?re lBEa;eg\ine 12~ lO nill
and the No. l pod till ‘which were the only recipients of the
billet production in order to wansfora thes into bars and coils

of van@ous_sizes. Today these mills are still in operation anc

the bi&iets-comipg off the lo. 1 Blooa and Billet Mill are

-
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1. INTROGUCTIO:N {(cont'd;) .
1.2 zns‘rL;g PRO:LQ& OF T;m..,?oamc BiLLBTS '"o %0.2 ROD .xm. (conr.'d)

Fr °

-carried apprbximately 50 feet on transfer cars before they
 8are unloaded di;ectly onto the billet yard of both 12-10 and -
"No. 1 Rod_hilla. (Fig. 4 ). This does not represent a very .
great ﬁranSpo;taPion oroblem. In the aarly sixties the need
for more billet production arose and it was decided to'build a i
laeparane billet producing facility to lighten tha load of the
,.ancient No. 1 Bloom and Billet [Miil, In 1966 the continuous ,}d
billet casting machine was‘inatallad next.to the No, 2 Open
Hearth in order to aupply the new No. 2 Rod Mill which was

being built outside the Hilton WOrks proparty, approximately'

2 miles to the East. Lack of apaca praventad locating the two
milla close togetnar and precipitated a trannportation nuisance -
to cross the 2 nile wide gap. Movement by railroad was chosan,
suppleaented, as needed, by tkucks. ‘As can be seen on the

track layout, {Fig. ¢ ), the Ioadad gondola cars must be
:awitched several timea before they can be taken outside the
°proparty. At that point, -since Stelco locomotives are not
allowed on the regular railroad natuorka, cC. H locomotives

take over until descination-at tha No, 2 Rod i1l site.

Lack of production capacity, aqong other reasons, _
.made it necassary to. provide new facilities for the production.

of blooas and billeta. . ' o . , ;_ -

»

- *
. .‘ . -~
@ V ) '
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Pig.l- Gransfer or Bidlets.from tne no.l slooo . Billet .11l
20 tne piliet Yard. “‘ . ;
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1. INTRODUCTION (cont'd.)

1.2 .EXISTING PROBLEY (cont'd.)

- . . -

‘Construction of the new No.KB_Blbomcand_Billet Mill
started in 1971 on land rec?aimed from the Bay at the North o
East corner of the property. In 1972 éhe @11l started prod-
ucing blooms and billets and beCame the sole supplier of the

No. 2 Rod Mill when the continuous billet casting facfiziy

- ‘ ", -

3 L ’ . :

was phased out, Once more, rail transportation was chosen. @

f .
The distapce was not reduced in any way as can be

ueen froa the map. Again there is almost complete reliance

on outside railway cémpadies for'deliwering the billets to

tﬁe finiahfng mill. The:hain drawbacks of this system are:
. ’ I

1. Reliance on én outside Combany for transporting goods

-

froa one Stelco Mill to another.

-

%—_MZ'—VulnémﬁiliLy_LaJLtikeLagains:_nﬁe,Ramoad gompény.

- AL - T

. 3. Delays. o | L } | B )
L. 'Maintenance of trackage inside Stelcé-properties;
5. Hfﬁh operating cost.

In 1971 studies were started to find solutions to these
problems by having a transportation system controlled and

operated by Stelco.




. o e
. INTROIKICTIOH {cont'd.) \

.3 TAOTELED SULUTIONG I THE PAST - R
Il l'.' 7 ’ ‘ B : . ! 2

1t wag seen earlier thaut to get from the MNo. 3 Bloom
wnd Biliet"¥1ll to the Ho. 2 Rod Mill the land route was

rather devious, NS

~

;otnf roperties beinr Iocated on the. Hamilton Bay,

the anp ‘nnica.e"‘th t fhe qhortest route between thea is the

.

\' water route thus w01nt1ng the way towards a waterborne
transhortation systed. It is on thmt rensoning that ‘a local\

bnvlneerxng Conaulting Fira wassaked to concelve a fca31ble
3 . .

scheae for a tug and barge transportatipn system.

/

The first feasxbillty studj was completed and presented

to tclco on ucgember 15, 1971 and was‘based on ‘the following

/2
desisn criteria:

Jesirn Criterins

-~

,
-« -

Billet 5ize: 4 in. x 4 in. x 30 ft.
pundle size: 20.im. x 16 in. 'x 30 ft.

ffeizht of one bundle: 15 Tons SR “”/ﬂ’#zf//
- ” .

Wz!ﬂodlmill productfbn caﬁacity: Avérage: 2000 tons/day

' B Peak: 2400 tons/day.
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INTROSUCTION (cont'd. )

»

P

1.3 PROPOSED SOLUTIONS I THE PAST - (cont’d.)

Stockpile at 42 #od Mill: 240 T. @inimum

Operation:

24 houp/day with 90% availability: 21.6 hours/day

) -
A .

Use 3 shifts of 7 nours: 21 hours/day

. , : O
parge Capacity: 16 bundles, i,e., 240 tons,
2400 o
o, of trips/day at peak-load: = 710 trips
‘ ' , S 240 :
‘Stockpile at Billet Mill: ' 240V T. minima L

- - ) -
= . . [ A -t
7

The first scieae proposed cohsisfed of a byste& using ﬁﬁrges

with storage racks for chrrying'fhe.bundlcs.of~billets.

The barges arc louded at & dock by side loaders from a.

"atockpile and similarly. unloaded at destination. Both

stockpiles being at dockside, double hand;ing is imposed

. & ”

at each end.

This first study was" turneé dowvn and the Company wns instructs

to concentrate on a barging system capable of handllng
railroadchrs. in December of 1972 a new feasibility study,

based odﬁxnc new directives, was presented to Stelco.

.QLe‘dcs;gn criteria romnin unchanged but the method is

different. R e CT
_ Rt
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1.3

o | T
“
INTRODUCTION (cont'd.)

. PROPOSED SOLUTIONS IN THE PAST (cont'd.)

Four losded gondola cars are to be pushed onto each barge

which is fitted with two tracks. : \
The overall dimensions of the barges were established at '

150 ft. long by 40 ft. wide. Its shape incorpprates a "y"

notch at the Sbefn for locating the "pusher" tug.-

e
To alleviate the problea of_varying water leyels hydraulic
jacks raise the barge te bring its deck level with tﬁe\ggif

In this scheme, railroad sidings uould be required at both

onda uith proper motive power to shunt the cars.,

-

This last proposal hés'noﬁ been turned down but no

action has beent;aken on it as of this date.

In the writer'a opinion, the shortcomings of this system

are as follows:

-—

1. Exceasive handling.

! Y ‘ ]
2. Huge 1nvestment in equipment e.g., locomotives, railroad

B

cars, tracks, barges, tugs, docking facilities, hydraulic
. /
lifqing equipment, etc. ‘

. B . . : ' - & .
3. : Permanent occupation of -valuable land by storage tracks.

. ,‘ . . . ) . , ) -
L. Number ‘of personnel required i‘ornmn_ing.-the locomotives,

-

tho'boapb and the docks.

5. Undafuaier.6peration_of‘the heraulié equipment.
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PROPOSAL FOR_ANPHIBIOUS SELF-FROPELLED VEHICLE
PROPOSAL “

[~

It is propbsed to move billets from the No, 3 Bloom

’

' and Billet Mill.to the No. 2 Rod if1ll in using an amphibious
"'aelf-propelled vehicle without intermediate handling of the

_cargo.

-

Thia amphibious vehicle shall have -enough, capacity to.
insure an adequate supply of billets at the No. 2 Rod Mill

with a reaaonaole frequency of runs..

J :

This vehicle'shall'consist-of a tractor and é trailer,
as shown in the sketch, (Fig. 3 ) capable of driving into the

.mills for loading and unloading.
| f
The foreseen advantages are:
1. Elimination of expensive equipaent like locomécivés,"
“gondola carS, ﬁugs,’tréckage, etc, | .
L ". \‘

2. Release of expensive lqndﬁfér future use.

3. 'Veraatility.li Hy
’ L.......... h\

4. Minimus number of personnel. L
=
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2.. PROPOSAL FOR A:PHIBIOUS SELF-PROPELLED VEHICLE (cont 'd. ) ’
2.2 EXISTING COHSTRAINTS “

The conatrainhs shown below are by no means fixed but
are merely.existing at the present time. ' They, will “be respected

*a pripfi" unless further studies warrant a change.

l, Pfoduct Dimensions
"Billet: 4 in. x &L in. x 30 ft. long

Bundle Size: 20 in. x 16 in. x 30 ft. long

ol ﬁundle Height: 15 Tons -

2. Tonnage -Requirements

f§2 Rod Mill Average Production Requirements
in billets: 2000 Tons/Day

< §2 Rod Mill Peak Billet Requirements: 2&00 Tons/Day

\

°3. Buildings
(a) No. 3 Blooa and Billet Mill

My

L)

In the No. 3 Bloom and Billet itill complex, .the only
building to set conatraints is the Shipping Building
where the vehicles will be loaded with billets.
"The doora dimensiona are therefore important so that
clearances are satiafactory. Similarly access to these
doors muat be adequate in teras of grade and turning

|' N . r N .
. . . * " rl
. . * . -
. . v \,

radius,
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2. PROPOSAL FCR_APHIBIOUS SELF-FROPELLED VEHICLE (cont'd.)

2.2 EXISTING CONSTRAINIS (cont'd.) : - ' -

3. -Buildings :(cont'd.)
(a) No, 3 BloSﬁ‘aﬁﬁ Billet Mill (cont'd.)

The following daté is relevant:
Shipping Door Dimensioma: 25 ft. wide x-l7 ft. high

Turning Area.Avﬁilabie Outsgide

Shipping Door: 200 ft. x 150 ft.

L]

‘Length of Shipping Building: 250 ft.

Possibility of Driving Through:~Yes -

— - -~

Capacity ?f Overhead Cranes: . 20 Tons |

Al can be seen on Drawing PD875A, an extension 15‘
planned for the Shipping Building. In addition a new

- - Billet édnditiohing Buildihg ia to be built immediately
.East of the Shipping Building. ’ -

(b) £#2 Rod MiYl: -(Billet-Storage Building)
R N .
At the present time, the_bil;ets;tgansported in
‘'railroad cars are unioadbd av Qestination'in the
Billet Storage Buildihg.' Froa there, these billets
are eventually loaded into the reheat furnae to bring-
' them up to rolling temparhture.
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2. PROFCSAL FOR s-tdivlo. o CELFQPRUPELLED.VEHICLE (cont'd.)

. S ,
2.2 EXISFING COLSTRAINTS (cont'd.) .

3.

L.

Buildirgs (cont'd.)

- Turndng area availablie outside

. Terrain

§2 Rod #ill (cont'd.)

‘The outlet cf the furnzce As in the building’

_adjoining the Billet St rage area.

The following data isrelevant: Billet Storage
A Building R -

Door Dimensions: 25 ft. wide x 17 ft. high

- Length of‘Byilding: "-500 [t

L]

Possibility ofwdriving thgoﬁgh:- Yes (with reservations)

Capacity of ovefhead,cranes; 20 Tons'(Two,cranes}

access-door: Approxis utel} lSO ft, x 300fr,

—

N

‘The transportatibn prcblen that‘is to be solved in

r this study, is not one vhere a vehicle is to be cadele to

P

negotiate all_sqrts of te:rains. A‘though thls xer¢cle'
mightlﬁell bte éble Lo do-so; it is not designed to that end.
At Hilton Jorks and at No. 2 Rod Iil1, the terra-n is
defined and c¢an even be . altered Lo fac.litave the movement .

of the vehicl? involved. | ‘ T

o)
LT . ‘
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2.. PROPOSAL FOR AiPHIBIOLS SELF-PROPELLED'VEHICLE (cont'd.)
2.2 EXISTING CONSTRAINTS (cont!d.)

L. Terrain (cont'd )
In his book . Introduction to Térrain Vehicle Syatems,
M. G. Bekker makes the distinction between two systems,

namely:

~The Deterainistic System which has a fixed mission in

. 8 fixed an:Lronment; .

-The Probabiliatic Systen uhichthpends ou the probability

density functions of the’ parameters defining the systems.:

(9

It is clear that the Stelco system‘is a detérministic one
/'"'\
no that a very detailed terrain evaluation shall not be

necessary.

< . Terrain.nata

(a) Hiltor Works . | Ve N

‘The distaqce that the vehicle will travel on iand is
o . _approximately 1200 ft., 511 located at the North East
© N {corner of the property. The terrain is free of 2
Tnlturni obstacles end consists of well comf¥tted £111
with little or.no sinkage.. The vehicle shall use.
existing roaduaya except near the launching site where

a new roadway and ramp ohnll be provided. (Fig. 5)

i
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L (a) Hilton Works (cont é})

5. Water ; : _-.; 7 . ' ‘.:"‘

_ | ‘ L,
PROPOSAL FOR APHISICUS SELF-PROPELLED VEMICLE (comt'd.)
EXISTING CONSTRAINTS (cont'd.) - - o :
Terrain Data {cont'd. ) “

~—

The- only obstacles are railway crossinga uhich are level

and relatively amooch Except for the grade at the
landing site, the roadway shall be flat, ' " =§~.},

t

(b) #2 Rod M1l . , e R
At the Rod‘;i:;d;ite, the vehicle will have to cover
_ 'approximatelylzoo ft. on land to get to the Billet Lol T
Storage Building. (See.Fir,Q‘The terrain is relatively '
" flat and is composed mainly of £ill with slag topping
but well compacted. A grade of about 2% exists i? a o

“"'-u

. 200 ft. section of the route, /' . ) R

"Tho only obstacles are railwayltrackqf;hich shall be
-crossed on level.. . Overdll the terrain at No, 2 Roq‘Milf
is more favdrable, because it is more Open (thereby:

: raquiring less turna) and because the fill is much older-
than the one ac Hilton Works thereby providing a better

aettled ground. 3 : o _ s

The water route that the vehicle will follow is within '
the confinea of Hamilton Bay and rolatively close to its

- aouthenn shore, (See’ Fig. L) - _ \\\

. .,/ - . g | " EL;
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2. PROPOSAL FCR- AMPHIBIOUS® SELF-PROPELLED VEHICLE (conttd,)

2.2 EXISTING CONSTRAINTS (cont'd )

5.

Water. {(cont'd.)

-

The lengih of. the-route ie;approximate .8500 ft. and does
not prgsent great naeigational difficulties.- Be&cause of-the
size of Hamilton Bay, wavea, when preaent are always low.
Fhe average water pH taries between 6,8-and,7.2'uhile

the maximum and miﬁimum water temperatures are respectively
approximately 70°F..and L0°F. Although the eerface‘ueﬁer
can freeze over‘xlt is found that at depths of k,ft. and
below the temperature stays conet;nt around LO°F through-
out the year., If a craft pliee the_eeme rout.e several times
a dey, 8 channel can be kept open very eaeily.l; Contrary

to popular belief, the clarity of the Bay Water is good

~ syspended solids are present but only {rom a trace to

10 p.p.m.2 The mean water level can vary greatly from

' year to year ‘so that proper measures will be taken in order

that ' Operationsxemain unaffected . the launch and landing

pointa. It appeers that dredgin will Dbe required no provide

R deep enough channel at the F2 Rod Hill landing site for a .

Length of‘epout 3000 ft, .over a 30 ft. width to get an
average depth of water of 10 ft. but never less than 8 fﬁ.

except at the landing.

—_——_
—

1.~ As per conversation with MHarine ‘Captain C. Dean T experﬁrh '
on Navigational kMatters on Stelco's COnetruction 5
Engineering Steff.. - — . -

2 - Parts per zillion.

oo -0
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2. Paopos;.i, FOR APHIBIOUS SELF-PROPELLED VEHICLE (cont'd.) -
2.2 EXISTING CONSTRAINTS (cont'd.)
5. Hater (conn'd )
P

3

The land - launéh ramps will ba.maae Sf’précaat concrete.
; slabs with a very rdugh aurface to provide adeauate
traction.
Tho sections located approximately 25 ft., on either side
of ghe water's edge will have no_be ficted with‘a dericing
d;vice. Fog the undefwater‘portioﬂ, an air bubble system
1§ possible whereas the dry portion cBuld reéeive a steam
pipe network or eléctri lly'heéted Qires embédded in the
 slabs, _ - | .
At Hilton Works, in order to aavo apace, théxamp'wéulddbe
+ built on the flank of the North Eastern most water lot 1n
a North South direction, (Fig. 5.) parallel to the
‘OCttawa Streetsinlet. Besides tha saving in land, this
‘particdlér ramp will b? aheliered from the prevailiné west
winds and thereby will Iacilitate the maneuvering of the
vehicle for propar poaitioning at landing
Slnilarly at the No. 2 Rod Mill Eite, the landing‘ramp ga
at the end of a narrow alip which runs North South and

thoreforq provides protection. (See Fig. 6 ).
N ' :
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. FROFUSAL FOik AMFHIBILUS SELF=-PROPELLED VEHICLE f{cont'd.)
2,3 VEHICLE DESIGN CRITERIA . = K
. . ‘__.;_.__'__“_ -~ .
1, OPERATING DaTA
Biliet Size: 4 in. x 4 in. x.30 ft,
* . Bundle Size: 20 in. x 16 in. x 30 ft,
ot LT : » ]
Weight of one Bundle: 195 tons
'#2 R.M. Average Billet - | e S
Requirements: 12000 tons/day
#2 R.{. Peak Billet
| ReQuirements:' 2400 tons/day _ f‘\ | -
! , o . _ - . K ‘
~/J% Availability of L
: . . - L 1 T
» 24 hr. operation: 21.6 hrs/day S
) ’Jsing 3 shifts/day . - _ o
w« 7 hrs/shift: 21 hrg/day .
<.
Total D;éian;e to be Coveréd: 10,000 ft.
Land Portion: 2,000 ft,’ T
-’watér>Portion: fS,OOO fe, - o T
- Assumed Land Speed: 5 m.p.h. _ o
X ASaumeleater'Speed: 5 knots .
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PROPOSAL FOR AMPHIBIOUS SELF-PROPELLED VEHICLE (cont'd,)

VEHICLE DESIGN CRITERIA (cont'd.)

1.

OPERATING DATA ({cont'd.)

/ehicle Capacity Required at 2,400 T

\
v

10,000 .£¢,

Travel Time: . - 0.38 br.

5,280 ft./mile x S a.p.h. -

' Loading Time Assumed: 6 min,

Unloading Time Assumed: 6 min.

'Return- Trip (Empty): '22.8 awin, *

&

- Total Turnaround Time: 57.6 min,

Assuming 2 Vehicles: ~ 21. S
B ‘ : YL = 2 trips
No., of Trips]day:} 0.5 '

4
= 57.1 Tons v’ .

Peak Load (3 éhirc:): 42
Yehicle Capacity Required at 2,,00 T, x 0.5 :
' : o ' : 85.7 Tons
. Peak Load (2-shifts): "7 hrs, x 2
- No. of Bundles/trip: .-gé;z' = 6,6 =7 , \hJ_i

* The return trip'éhdﬁld be faster with né dargd. .
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2. PROPOSAL FOR AMPHIBIOUS SELF-PROPELLED VEHICLE (cont'd.)

o

2.3 YEHICLE DESIGN.CRITERIA {cont'd.) . :
1, OPERATING DATA (cont'd.)

If ohe 12 hr. shift.is chosen .
2L00 x 0.5
12

the Required Vehicle Capacity is: = 100 Tons >

~,

The deaigﬁ load is assumed ﬁotfe 100 Tons.’

2. CONCEPT

According to the foregoing data and informatiom, it
' is decided‘to use an amphibious véhigle that would_carr; the
: required tonnage 6f‘pilleﬁs between the No; 3.Bloo and
_ Biliet Mill and the No. 2'Rod Mill. This vehicIE/jhall be
capable of driving into theréspeétiye:mills for-l;adiné
and unload#gg operations and shall not raquire other |

- . { . \! B ! .
t . assistance than the milla' overhead cranes.

- © A tractor trailer systen is sqlécted to obtain
gr;atef versatility and load carryiné capability. Indéed
if a tractbr experiences mechanical tfoubles,ia 5§are e
tractor can be put into service Qithoﬁt ip;oﬁilizing the
payload carrying paft‘of the vahiciﬁ,'as well as the load

being carried, as the ‘case could be.
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2. PROFOSAL FOR A<PHIBIOUS SELF-PROPELLED VEHICLE ‘(cont'd,)

2,3 VEHICLE DESIGN CRITERIA (cont'd.)
2. CO ,CEPT (cont'd.}

It is visualized that initially the amphibious
fleet would consist of thfée coﬁblete dnit; (i.e., tractor
and tréiler) and‘one‘single tractor. Two units would be in
operation to ther, one would be a back up and the remaining‘
tractor would be a reserve spar‘e. The dimensions of the
equipment are chosen in' order~to provice adequate capaclty _
and clearances. x
Other considerations, like. flotation, seaworthiness and
‘tractive power, will be investigated in thé section devoted
to the feasibilivy qalculations. At the outset it is
assumed that the billets ﬁ;ll be handled as they are now, -,
in square bundlea.‘ Therefore the trailer bed will be h
designed with proper supports,'in order to accomodate
these bundles and adaquate clearances 8o that the existing

-Alifting equipment is not hindered. (See Fig. 7 ). The

trailer will be supported by four non-driven wheels mounted

N on two axles. Their positions will be,such'that a nominal
and relatively constant load remains on the tractor hitch..
(See Fig. 3. ~NJ - | : Y

w

~ The tfactof is a'aiinhee;Bd émphibious vehicle
capable of pulling the loaded trailpr'at a speed of Approxe

imately 5 m.p.h. on land and 3 to 5 knots in the water.
. \ - .- e !
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2.‘ PROPOSAL ‘FOR AMPHIBIQUS SELF-PROPELLED VEHICLE {(cont'd.)

2.3 VEHICLE DESIGN CRITERIA (cont'd.} . E , : .
2.. CONCEPT (contt'd.)

.-\‘“

~Its shape is such that water rgsistance will not begome ‘
excessive. (Seé Fig. 8 ). All six wheels are driven for
mxximum traction on land and high flotation tires‘are chosen
for the reason implied We shall see léter that thcse

same-" tires also present advantages for land 1ocomotion when -
compared withzagular Lruck tlr;s._ For maximum rigidity

the vehicle has an all-welded cage type structure which is
_made up of hollow rectangular atructural aections. (Fig: 9 )
The pilot's cabin ia located forward for maximum visibility
and has enough roon for a crew of two. Access to the cabin
is gained through a r ear door which is lbcated oprosite’

the access hatch to the engino room, Because of the cage

l

type construction, the engine room haa no obstructions and

providea more than six feet'of headrooa in the rear half

of the vehicle.

The tractor is eﬁti;ély watertight so that should.
' its deck get awash, no water could gei into the &abin or -
?hd{zhgine compartment. The link between‘tractof and
trafler, or hitch, is locatéd in the aft section_of'the
‘tractor and provides enough‘freeqdh-no.allow the trailer

= to réll, pitch and yaw. (Fig. X0).

. . . - . . , i .
o . . .
' - ' : ,
1 *
. . .
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2. PROPOSAL FOR APHIBIO.S SELF-PROPELLED VEHICLE (cont'd.)
2.3 VEHICLE DESIGN CRITERIA .(cont'd.) ’

2. NCEPT (cont'd.)

. From the foregoing, one can get an idea of what

the- amphiblous unit will look like and what its functlon
. w;ll pe. Hothing, however, has been said so far about the
kind of propulsion system Qo:be incorpdrated in this |
vehicle. In effect we gfe faced with ; QUal objective: -
the vehicle must be able to move on land.as'heiI as_in the
water. |
Let us fook at a f;u po%sibilitiés in that area.

Automotive Systems:

¢

1. A rather conventional system would consist of installing'

two abparate’!ﬁﬁ;cea.of power tovperfbrm the two
'aeparate functions. An engine woﬁld drive the wheels
through a conventional pohé? transaission arrangement,
Qﬁule another wpuld-purn a'prgpéller or two throﬁgh
conventiocnal marine shafting. This is a proven systea
but necessarily expensive because of the use of -two

4—“-

engines,

- T

: : . ) . )
2. - Another possibility is to have hydrostatic drives,
\
o i.e., hydraulic motors, driying all ai;fwheels for land

locomotion, with two additional hydraulic motors driving °
{

two water‘jet-pumpsyun\g;for water locomotion,
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2. i PROPOSAL FOR AMPHIBIOUS SELF-PROPELLED VEHICLE fcont'd.)

2.3 . YEHICLE DESIGN CRITERIA (cont'd.) - - e

3

2, 'CONCEFT (cont'd.)

Automotive Systems r(cont'd.)‘

- One Diesel or gasolire engine‘HOuld.dfive a main pump‘
5upplying all the ‘motors.

" In this particular system all six wheels could be
individually controlled to obtain maximum traction.

'Steering on land would be accomplished by»skidding one
side or the other as in a tracked vehicle. Steering
in bhe water is accomplished byreversing the flou in
.one of the Jets as ‘will-be aeen later, instead of a
vulnerable rudder system as would be r equired in ‘the

. gjfirst.poSSibilitj. : . |

-

3. An alternate way of accomplishing land and water
locomotion is to: combine a mechanical transmission
system for ‘land, andia Jet pump system fo:\\ozer,ibothl

“deriving powcr‘from o oingle'internal.combustion -

engine. (Fig. I1 ). . S

Alternate -fumber-three is essentially thé dme as’

x qnpmoe? one except for the water locomotion portion. .
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2.  PROPOSAL FOR AMPHIBIOUS SELF-FROPELLED VEHICLE (conc'd.)
2.3 VEHICLE DESIGN cnrrsan (cont'd.)

2., COMNCEPT (cont'd ) ’

Automotive Systems (cont'd.)

f 'Alt.erna;e number t.wo,’which' utilizes hydrjaulic
motors, is one which will not readily be eccepued‘primarily '
because of the very high pressures involved (up to

"6 000 p.s.i.),, hence high coet of the comﬁonents and
because of lack of data to confirm the reliability of the

eyatem, at leaet in this particularippplicationff

-+

: "It is therefore decided at this point to,addpt
- the third proposal which ‘combines the conventional land
locomotion system with the less than conrenticnal water

locodocion system.

To design an adphibioue“eehicle,’ae described, or
indeed any vehicle fromqghe ground up, is a task that k
requiree many groups of engineers, each specializing in a
particular part of the total concepc. " A workable design
with ; Eested‘prototype canbe obzeided after several months

and possibly yeare of work. -

It is, clearly not possible, in .this preliminary
deeign study, to do more chan a feaeioility analysie
of " the original design concept described. The design -

concept hae coneiderable promise as a eoluticn to the_ problea,
‘ N

N

5
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2. PROPOSAL FOR .FhIBIObS SELF~PROFELLED VEHICLE (cont'd.)\
!

2.3 VEHICLE DESIGH CRITERIA (cont'd.)

2. CONCEPT (cont'd.) ' B

Automotive Systems . (cont'd.)

L)

ThJ:\promise will be confirmed in a preliminary way by

~ the feasibility study. For each section of'ﬁhe.vehigle,”
that 1a,_atructure, wheelsf powerpijht, etc;;_a design
shall be corroborated by the necessary alculations. 1In
‘other words, any‘design put rorth shall have its Horkability'
ensured, at least on paper. The success of the prototypa
in field tests uill be obtained by the projection of the

-

- mind through engineering intuition.
//)/.‘- ~ The feaaibility study that Idf?owa shall~be |
dividéd into six different parts: SR R )
1, Basic Dimenaional.Assumptions;.
2. .Lanﬁ Mode Propulsion~8ystem :'
3. Water ModElPFopulsiéh_Sygtem
L. Structural‘Des}gn
- 5. Overail Design Synthesis

6. Cost Estimate
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3.0 Lmsxazuﬂ\\swnr

3.1 VEHICLE DIMENSIONS
| : \\ .
(&) Traileri

_Length: |'50 ft. Overall

ﬂ_Hidth:‘{IS ft. Overall®

LY

Haightj 9 fe. (top of Sideboard) L

1

Estimated Welght (Tare):
Steel Struqrure: 50,000 1lbs. - . _.
" Al~Alloy Structure: 25,000 lbs,

Type of Structure: Box st:uéture.uéth centre backbone
;; boxed beam fdr:torsionq$ resistance,
; N _ .

Hitchload: Assumed to be 10,000 e | .

Estimated Total Trailer Weight (Loaded):
- N il
(a) Steel Structure: 250,0?3:i::;;5
“(b) Al-Alloy Structure: . 225,000 v
Wheels and Tires: H | L
Number: - Ay - '. )
Type: _(Hon-Flotgtyy(

Suspension: None



3. FEASIBILITY STULY {cont'd.)

3.1 VEHICLE GLENSIONS (cont'd.) o e
(B) Tractor
Length - 30 ft. Overail
Width: 16 ft, Overall
Height: 12 ft, Overall
Estimated Weight:. 25,000 1lbs., Minimum

Type of Structural Frame: Cage type built with Hollow

-

~ Structural Sections,
Number of Whébls: 6

wheeLQ Selected: Goodyear high flotation Terra-Tire
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" FEASIBILITY STUDY (cont'd.)

LAND “ODE PROFULSION SYSTEA

For maximu@ buoyancy and traction, it is decided to

make use of the Goodyear Terra-Tire high flotation tires whicﬂ
‘feature low preésure, low -profile and a relatively large cont

' .
area."l These characteristics should give this type of tire'a

higher rolling gﬁsistance than a conventional truck tire.

Tests have proven that the opposite is true. The following
table taken.frod the Goodyear Engineering”Data Book, lists
reafgtance forces in pounds for each 1000 pounds of loEd”n
the tire. It is found that this resistance force varies in
direct proportlon with the resistance to flexing of the tire

carcass and inversely with an increase in tire width.

~

Table 1'- Rolling Resistancegper 1000 Ibs, load on the Tire1
i ' '

Terra-Tire Truck Tire .
1bs, X 1bs,

Hard Surface 16 25 )
Sod o 2l ' -85
~ Mud | 40 © o130
- Soft Sand T .78 25

* Goodyear Engineering Data Bodki,
1 - Goodyear Engineering Data Book

act
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3. FEASIBILITY STUDY (cont'd.)

. . \
‘3,2 LAND MODE PROPULSION SYSTEM{ (cont'd.)
. // - ) : ‘.
. ’5’ - We shall see later that although the high flotation

/ tire is well sgited:po'thé tractor, it is less than ideal for

the loaded trailer. : ' - A
o

;3.2.1l Perforzance Data:

Most of the formulas used to arrive at an adequate .
motive power have been taken from the Engineering Data Sheets

called "Automotive Vehicle P%rformance:Formulaa" issued by

Clark Equipment Co," of Euchanan, Hich.l

In order to obtain the engine torque reQuirementa, all' |

Jd -
the resistances must be kﬁde.
Minimum Draubar\Fofce'Reqhiréd--' Road Rollihg Resistance
| ‘ .+ Alr Resistance

+ Grade Resistance

+ Hechdnidal'FrictioH
’ Resistance / *

1 - See Appendix . ]



3. FEASIBILITY STUDY (cont'd.)

3.2- LAND IODE PROPULSION SYSTEM

3.2,1 Performance Data:’ (cont'd,)’

1. Road Rollidg Resistance

(cont'd )

l - Clark Equipment Data‘Sheets - Appendix; ' f-

(a) Tractor.

Rolling Resistance (R,R.) =

-

25 lba(/lOOQ lbs.-lpad for truck tireal and
116 1bs./1000 1bs. load for Goodiear Terra-Tire

tirosz

The preliminary estimated tractor\ﬁnight was

25,000 1bs.

G.V.W. x R

1000

w3

where G.V.W, = Gross Vehicle Weight

"R = Ground Resistance

‘For the tractor then:

| R.R.y = E_ZEJSEELJLJKi___. - " 4,00 1lbs.

-+ 1000

2 - Table 1, Page 28.

30

The rolling resistance on smooth dirt is givenzis
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.FEASIBILITY STuUDY L&?nt'd.)

LAND ..IODE PROPULSIQN SYST=M (contldJL

Performance Data: (cont'd., )

1,

‘Due to the outline of the amphibious

Road Roliing Resistance (cont'd.)

(b) Trailer
The prelimina£y estimated trailer weight'was::
250,000 1bs, | ' |
Theréfore, with truck tires:

. 250,000 x 25
R.R.p = — - 6250 1bs.

'Thq total Road Roliing Resistance becOmes;

R.R.p - R.R.l + R.R.>

= LOO + 6250 = 6650 1bs,

—

[ES p—

Adr Resistaﬁte ARe

The air resistance against a vehfcle is given b

A.R. = 0.0025 (Speed in miles/hr.)® x-Frontal Area

t, the frontal
_ i, oy the fronts
area of the tractor shall be taken into account.

1l

-

1l - Clark Equipment Engineering Data Sheets - Appendix
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3. FEASIBILITY STUDY (font!d.). p |
3.2 LAND QDS FROPULSION SYSTEM (cont'd.} - Zi\\_;/
'3.2.1 Perforaance Data: (cont'd.) - o . ’

2. Alr Resistance . A.R,’ ;
. -é‘

" This area is approxiuately 106 ft 2. The operational
land speed being set at 5 miles/hour; the air resistance is:
A.R, = 0.0025 .(5)2 x (100) = 6.25 lbs. which is
negligible. However, if the vehicle is‘ﬁoving against
a 30 miles/hour head wind% the air resistance becomes:
A.R. = 0.0025 {30 + 5)2  (100) = 306 1bs., almost

\h\ @ fifty fold increase! For design purposes, the maximum
| Air Resistance shall be t aken as 310 1lbs,

'3. Grade Resistance G,R.

- e

Most of the land route that the vehicle will travel

will ‘be flat and level except at ‘the landing siies 'where
necegaarily a grade will exist. The maximun design grade
is set at 3. The'Gradé Resistahce, G;R., of a vehicle is:2
G.R. = 0,01 (G.V.¥.) (% Crade)

‘where G.V.W. = Gross.Vehicle Weight - =

. 2)

- -

l - Assumed wind. velocity on a windy day.
2 - Clark Equipment Engineering Data Sheets - Arpendix

ey
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FEASIBILITY STUDY (cont'd.)

LAND MODE FROPULSICH SYSTE: (cont'd.)

Performance Data: ,(conc'd.)

3.

Grade Resistance G.R. (cont'd.) = -

In this case the G.V.ﬁ. will be.the sum of the gross

weights of the tractor (25 000 1bs. ) and the loaded

trailer (250,000 1bs.). . )
"G.R. = 0,01 (275,000) (3) - 8,250 1bs,

" If, for the tinme being, the Hechanical Resistance "is disregarded,

the Total Resistance to propulsion becomes.

Total Resistance = R.R.T + AR, + G.R.

e

)

‘= Minimum Force Required
, T = 6650 + 310 + 8250
= 15,210 lbs., assume 15,500 1lbs,

The foregoing resistance calculations imply & constant speed

which 15 .5 milcs/hour in our case. The vehicle must accelerateﬂ

to reéch that speed and to do so requires an additional force:

called force of acceleration Fa. -

A reasonabla//cccleration rate would be from 0 to 5 m. p k.

in 7 seconds. .

5 m-poh- < 7-5 ftl-/_SGCQ h ) . . . ! " . ’



3. - FEASIBILITY STUDY ' {cont'd.)

~

3.2 . LAKD .iODE PROPULSICY SYSTE{ (cont'd.)

3,2,1 Performance Data: ({cont'di)

‘ ' Vv, = V
Acce}eration_- a = —3———+£1
/ “ T \“
-l2? = 1 ft,/sec.?
7;

v, = Initial Speed

Vo = Pinal Speed
T = Time -
Therefore the'forée of accelefation'fs;
Pa = -lotal ieight x a ‘
R 2 :
275,000 x 1
. 32.2
= 8540 1bs. = 8550 lbs,

where g = acceleration of gravity
- 32.2 ft./sec.?

The Total Resistence, including acceleration Force becomes:

Ry = 15,500 + 8550 = 24,050 lbs,
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3, FEASIBILITY STUDY (ont'd.)

- N
3.2  LAKD MODE PROPLLSION SYSTE: (cont'd.) . A

3:2.1 Perforzmsnce Data: L(cont'dm)

To ensure that adeqguate traction can be obtaineé, the force
’ ) . .

-

required to slipfthe driven wheels nmust always be smaller than

the total resistance.

This "slip"™ Force is given by: Fg =N

- where & = coefficient of friction between tires. and ground

N = load on driven wheels e
E _ .
2 ,‘l . ’ . .
The coeéfficient of friction of rubber tires on an average
. . - Y 1l L ! .
road surface is-‘approximately 0.6, Therefore -

57 B, = 0.6 (25,000

1 : "
= 15,000 1bs, which is'smaflegﬂ&h&n the total

te
~r951stance_RT. .

We must either decrease Ry or increase Fg.

The easier alternative is to increase Fg by incréasing the

welght of the tractor. If we‘arbitrarily doutle the weight
) .

of the fréftor, the Force Fg, requiredvto slip thggzheels

becoaes: ?Bl -b/u N ,
) - = 0,6 (25,000} x 2~ R

'
-

o j"’ 30,000 1bs. without hitch load

) . 4

l - Clark $quipment‘£ngineering Lata Sheets - Appendix,

: + i . - ‘;-"



3. FEASIBILITY STUDY (conmt'd.) .

3.2 | LAND HODE PROPULSION SYSTE: ({cont'd.)

3.2.1 Performance Data: (cont'd.) .
| \ | .
" When the 10 0G0 lbs. hitch 10ad is present - and assumed

diatributed - Fg-becoumes: Fsé - 0 ¢ (60, OOO) j.
- 26.000 1bs.

3

The total resistance RT must now be corrected to include

the increase in weight -of the tractor,
’ ;

b . ° ' -~

o Referring back to the°éompdnents of RT, the chﬁﬂgea,‘with‘:
“the new total weight of 300,000 lbs., are: |

‘1. Road Rolling Resistance R.R.p..

The Road Rolxing Re31sbdnce of the tractor was

R.R.l --LOO lbs. It now becomes R.R. 1 = LOO x 2 = 800 1bs

‘The Ro«d Rolling Re51stance R.R. 2 of the Trailer does not
;/“ e change and . temains 025 lbs.

2, The Adr Resi:tance'wﬁ,R., stays cohstént. o
R T k - _
3. The Grade ﬁeéiétance G;R.;‘was 8250 1bs. It now .becomes:

. Gup = (8250) x (300,000) = 9000 1bs: - '
e 275000 .
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FEASIBILITY. STUDY (cont'd.)

LAKE ODE, PRCPULSTOL SYSTEL (cont'd.)- . K @
.ggrformance Data: (cont'd.) . .. , "~ g
L. Fofce of A&celeration Fa. ) ' ,\J"'
N "'Total Weight X a ' '
It was Fa - = 8550 lbs, ,
) g 4 " - N
¢ (8550) x (300, 000) |
- I becomes Fa = - = 9327 1lbs.’
. ] ,275,000‘ -
Let us yse r‘- 25 Jbs.“ - o

The Total Re31stance RT/becomea.

Rp=R.B.p, *+ AR+ GR. * Fa . - ™™

- (800 + 6250} + 310 + 9000 + 9500
Ry = 25,860 1bs., which is less fhan Fg, = 36,000 1bs.”
BER R o | C
Adequate traction is therefore theoretically provided,

- . o
.

Tire Selection . ,

(a) . Tractor-

For maximum flotation, reduced rolling resistunce,'

higher shock’ absorption and cost savings ‘the Goodyear

'Terra-Tire" Tire is aelacted. This relatively-low‘
pressure ‘tire eliminates the need for a suspension f

'ayatem..
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EEASIBILITY STUDY (comt'd.) _ .

LANL ODE PRCPULSICH SYSTEM (cont'd.)

3.2.1 PerformanceiData: {cont'd.) ’ | AN

f&re Seiection (cont'd.l . . ' \\

(a)

o nireé'will'have to support

(b).

a

1 - Dimension, Load and Inflation Tables - Fage 11 of booklet.

contaet area of 800 in.

Tractor (cont'd,)

Assuming an even weight distribﬁtion, each of the six

0,000 o )
2 . ¥ 8335 1bs,

_ ' o L ' - 1
According to the Goodyear Engineering Data booklet,

s suitable tire would be the 66, x 43.00 - 25 tubeless’
ff;rra-Tire“ with the “Super'Tefra—Grip“ t;ead desi%n.
Iguhas ;h'overall diaﬁeter'éf approximatéiy‘70 in., and
can withstanﬁ a loéd of 13,000 1lbs, at 25 pfs.i. and

10 gtpﬂh._ Edach’ tire weighs 544 lbs., has a ground

2

and makes 315 revolutions per

mile. - o

" As we shall see later, the downward force on the hitch

Bt

will have to.be added to thé tractor tare weight.

Trailer ] \ . ,
- s s

The tare weight'of the trailer was assumed to be

50,000 1bs., and the payload 200,000 1bs, . If the tires

r

3

/ - g~
~ 4 t
] :
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3, .  FEASIBILITY STuUDY ({cont'd.)} .

b )
3.2 LAND_HODE PROPULSION SYSTEM (cont'd.)

3,2.1 Performsnce Data: (cont 'd.) |

_ Tire Selection (cont'd.)
R {b) Trailer (cont'd.)
' are mounted so that ihey bear all the load.(disregarding

/"‘ t . . [ . :
) ;hitéh force) andfif the numbgr of tires is ¥ept to 4

E\ . /-‘-// .
l ¥ to facilitate manoeuvres, the load per tire will be:
| : . ' e . : r

250,000 . = 62,500 1bs. T '

wLT -

This load ia beyond the capabilities of. the "High rlota-

tion" Tires and aust be carried oncnnventlonal off- the-road
{

bulldozerntiros.:

b

k suitable size is the 37.5 - 33 availab;e }Fom Goodyear

3 :jor Eiréstone.- The -Goodyear Tire is galleq'thg_"Sure -
- Grip Lug L," and Has;é.rated load of 6ij9bq,lb3., -

A Q 55 P.b.i.l ng Firestone &ire is cailed the "Super -2
Rock Grip" and haa a rated load of 63 990 1lbs., w 55 p.S.i.

These loads are for 5 m.p.h. operat.?bn and @n be incregsed
("8} A
with an increase in inflation pressure, The main '”L

L}
~
- n

dimensions are §hown-in the4?ollowing table.‘

-

& s
, P
1 - Goodyear Tire Data Book, Page D15. N
‘2 - Fifestonq Tire Data Book, Fages 023 and. 048.

.
- . . . r

) 2
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3.2.1 .

FEASIBILITY STUDY (cont'd)

I " |  "°

LAND ODE PROPULSION SYSTE! (cont'd,) -/ g
Performanéé'Data: (cont'd,)
Tire Selection ({cont'd.)
‘cS) Trailer (conc'd.{-
TIRE SIZE: 37.5 - 33 o
i, _
—Width Diameter p
. Goodyear 38.1 in. | "93.5 in. i (
_Firestone 34.25 in., 9.1 in. - e

As was suggeéted on Page 20, lx wheels will be used to
support the trfiler. It would be impractical to use
8 wheels in tandem given tHe width constraint.of the

trailer. 'y
) ,

 Because of the low speeds involved, and because of the

available roads, no suspension sysiem shall be used for
the trailer, |

No safety factor was used because the tire ﬁ%nufactqrers

-

have it already included in their load rating.

Furtheraore because of the non-continuous operation
of the vehicle, the tires. will not be subjected to extreme

service, Of the total mileage travelled in one'day on

' land by the vehicle, only half will be with full load.

I\
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EASIBILITY STUDY (cont'd.)

 LAND MODE PROPULSION SYSTE! (cont'd.)

3.2.1 Perf@rmance Data:  (cont'd.)

Fa; - Fa; - 9500 -

Selection of Motive Power

In order to‘select an engine capable of moving the vghicie
efficiently, the required torque must be obtained

On Page3? , the total resistance Rp was found tobe appro;—
imately 26,000 1bs.-when the acLeleration was set at
l-ft./stc.? i.e., an-increase in speed form rest,to

5 m,p.h. in 7 seconds on flat ground,

1f, more realistically, the gain in speed in 7 seconds i;

limited to 3 m.p.h. going-up;the 3x-grade, the reduction of -

_the Total Resistance Ry amounts to:

300,000 (-252)
32,2

- 9500 - 5989
| 2 3510 1bs.,

N
\{;

3 m.p.h, = 4,5 ft,/sec.
Faj- ¥ 6000 lbs.

. e

B& becomes approximately Rf - 25,860"1' 3510

. - 22.i§0 le.



., FEASIBILITY STULY (cont'dl)

3,2 LARD 1.CDE PRCPULSICH.FYSTEw (cont'd.)
3 ~

3.2.1 Performance Data: (°°"‘;E?}‘\\,,/

Selection of .otive Power (cont'd.)

.The Force required to slip the wheels was found to be:

" Fap = '1§,000 lbs.

The torque necessary to spin the wheels is” given by:

Twmax. = Fs x Tire Radius
| e 36,000 (=) |
30000 gz

-V'IOS,OOO lbs, ft. at slippage.

(p -
o . , . 70 S e
Tractor Tire Radius = —— = 357 .
The minimum torque necessary is given by: N
y o Tmin. = Ry x Tire Radius '
35

Tatp, 22,350 (~17-)
= 65,262 lbs. ft,

. > 1
where Rp = Total Resistance

- 22,350 lbs.

1l - See previous page.

-
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FEASIBILITY STUDY ({cont'd.)

LAND ODE PRCPULSION SYSTEM (cont'd.,)

Performance Data: {(cont'd.)

Sclection of Motive ‘Pover (cont'd,)

Since the operating grouﬁd torque Tpip, 18 smaller than the /

slip torque Tpax,, adequate trq;tion will be pro#ided. The

maxiouo tractive effort T.E. is equal wo the total resistance
Rp. |

Therefére T.E. = Rp = .22,350 lbs,

Let us set T,E, = 23,000 lbs,
The tractive éffort is'g:iven'by:1

- - T xRxexCx1l2

r - - ‘ ; n 4
The gross engine torque will be:

T e - (T:E.) (r)
(R) (e) (C) 12 o

ros -23.000 035) OO OPRPP ¢ §
R (0.85) (0.85).12 | : ~

where T = Grqss'Engine;Torqué'lbs.'ft.
C = Conversion factor to get net engiﬁe torque ( < 0.85)"

R = Overall gear reduction including axle and
transaission

, .
- . . -
- ’
: ’ M -
[ . . ‘

1l - Clark Equipment Engineering Data Sheets.



3. . FEASIBILITY STUDY (cont'd.)

Nl
.
o8]
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LAWD +CLE PROFULSION SYSTEZ. (cont'd.)

3.2.1 Perforaance Data: ({cont'd.)

Selection of lotive Power {cont'd.)

where e = hechanical efficiency of drive line ( = 0.85)
r=- Rolling radius in inches

At this point, the overall gear reductioh_R must Bé known or
chosen in order to arrive at a figure for the requirdd engine
torque. | |

Acﬁording to data évailable'to-date, a suit;blélpower
transmi§51on systea would be a, comoinatlon of a truck
tranggisaion with-a: combined dlfferential and planetary

drive axle, - : - -

Such a combination is used in tﬁetEuclid R-35 c;actbr.l

- 1. Allison CLBT - 5860 full powershift transm153¢on with

>1ntegral torque converter:

Gear Ratios: 1st - 4.00 ¢ 1

2nd - 2.68 :1

¢ ird - 2.91 - |
yth - 1.35 : 1

sth - 1,00 : 1

6th - 0,67 :1

-
QQQ&'” '

Reverse - 5.12

1 - White Motor Corp., Specification Sheets for the /o

Euclid R=35 Tractor: . g | /pf
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. Substituting in equation 1, one gets:

L5

FEASIBIIITY STULY (conn'd.)'

LAND ..CLE FRCIULSIOK SYSTEM {cont'd.)

Fe rforﬂance Data {cont'd.)

Selection of “otive Power (cont'd.)

2. Euclid Flanetary D:ive‘lee:

_ ‘ Std.. : Crt.
i Ratiﬁs: Differential: 3.92 : 1 3.13 ¢ 1
Plénetarx: | L.59 : 1 L.SQ : 1
Total 17,99 ¢ 1 14,37 =1

The overall gear reducﬁion in 1st gear would be {with standard

ratios): -R = 17.59 x 4.CO ¥ 72,

Gross Engine Tofﬁue

T ow 23,80 (35) 7T 1250 1bs. ft. L......(2)

72 (O, gs5) (0.85) 12

* With the above trandmission,eystem a popular engine in |

1 I

Euclid trucks is the following: . , :
Detrolt Die el 12y - 710 - 2 C}c e Diesel tnb-ﬂn

Gross Hehicle gcrgepowei;fggieo r.t.m. L34 H.E. -
Flywheel Horsepower « 2100 r.p.z. - 357 1. P,

No. of Cylinders - . L 12

Bore and Sﬂroke . | '//:iés in. x'S in.
Piston DLSPIaccﬁent ‘ _ . / -/.éEE‘in.3
‘Maximum Toroue 2 1200 r. p“ i' ) 1205 1lbs, 2;;;

|
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"FEASIBIiLITY STUDY (contld.)

LAND MODE FRCPULSION 5¥STE. {cont'd.)

Performance Data: ({cont'd.) | ’

Selection of iiotive Power (cont'd,)

The engihe is_marginai according to the requirenents stated
earlier. One would have to £0 to more po@erfuL'engines, of
the Caterpillar seriés as an eéample. Aﬁ.this pointé it
would be appropriate 'to bringprefinements to some of the
assdmptions made earlier,

It'is,récélled_that the TotaiiResistance to locomotion, or

Minimum Drawbar force required, was the Sum of the . Road

_Rolling,ResiQtance, Lhe.hir Resistance and the' Grade Resist-

ance. It was assumed thsat the ground would be smooth airt
and that the maxinmum grade wculd be 33, to be climbed &t

full load. These aéshmptions must be refined as follows:

1. The entiré land route will rnot have a smooth dirt surface..
'° . o -

The sloped sections, i.é., the land-launch pbrtions,

shall be'made of rough concrete,

o +

2, The msxizum gfué}ent Qf 3} will exist at the Hilton works

launch site only. The No. 2 Rod iill landing site will

‘have a 2 gradient.



FEASIBILITY STUDY {cont'd.):

LAND :ODE PROPULS1ON SYSTEM (cont 'd.)

Performsnce Data: (cont'd.)

Selection of iotive Power (cont'd.)

3. The .vehicle will climb the 2 slope when fuliy loaded

and will negotiate the 35 gradient only on the return

1 L)

‘trip when empty.

g . ) .
These refinements produce the following changes:.
1. The Road Rolling Resistznce R.R.p; = G'Iégé % R for

S ) -~
the trailer was calculated using a ground resistunce

R = 25 1bs., for smooth dirt., Using the val&e for rough.’ -
. _ B |
concrete R = 18 lbs., the Road Rolling Resistance

R.R.2 becoaes:

250,000 x 18

R.R = /500 lbs,

2 ¢ ted ..
corrected - 1000

. or a reduction of 6250 - 4500 = 1750 lbs.

2. The Grade Resiacancé~e'§2 flod Mill, di.e., when the,
- vehicle is fully-loaded beécomes
G.Ricorrected = 0-0L (G.V.W.) (% grade)
\ G-Recorrected * 0.0 (300,000)2 = €000 1lbs.
or a reduction of 9000 - 6000 = 3000 lbs.

:‘f".)
1 - Clark Equipment Engineering Data Sheets.

L
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FEASIBILITY STUSY (cont'd.)

LAND ..CLE FROFULSION SYSTiM (cont'd.)

Performance Data: (cont'd.)

Selection of iotive Power (cont'd.)

The Total Resistance Ry which was 22,350 lbs. {Refer to Pagel)

now becomes: Rp = 22,350 - (3000 + 1750) "= 17,600 lbs.

The Gross Engine Torquéareduired“which was found to be
T-= 1290 1bs. ft., now becomes -

90 x 17,600 @ |
Tcorrected ™ P x = 988 1bs. ft. (See equ. 2 Pg.45)
v 23,000 :

or approximately Teorrected ™ 1000 lbs. ft,

It 1s'interést;ng to note that the Forbeiqf Accélérétion Fa,
and the Grade Resistance G.R.gorrected, are .both approx-
inately 6000 }bg. and egch amount to ggproximately 355 of .

the Total Resistance Rp.

\

The -general disposition of the mechanical components, within

the vehicle, will be suggested in a later section of the

study., ' ' > ' -

J.-_‘)_



3.3.1

. case is that the craft would float. ' L

L9

- FEASIBILITY STUDY (cont'd.)

WATER MODE PROPULSIOK SYSTE{ .

An Amphibious Vehiche is defined as a vehicle that

can move over land and on water,

. After having asserted the capability'of the v ehicle
to move itself on the land portion of the itineranl, its
adequacy on water must also be proven in order to obtain a

cozpletely functional transportation systex,

The vehiclé shall now be treated as a watercraft.

1

‘Performance Data:

As was done for land locomotion the total resistance

of the craft to motion must be known in order to determine

the power requirezents, Of course a prerequisite in this

Nawil Architecture being a very specialized field,

thdless, sone basic knowledge in this field has been acquire

the design of a watercraft shall not be atteaopted. Hefer- {/’

through reading,pertinenp}}iterature in ‘order to aswive at-a

compromise. -

b

1 - John P. Comstock - Principles of Naval Architecture,
Chapter Vi1,
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3. FEASIBILITY STULY - {cont'd.)

3.3  WATER HCDE PROFULSION SYSTEM ({onttad. ) .

3:}.1' Performance Data {cont'd,)

In other words it will'be:shown,;we:hOpe,.LQat the 1and"
‘vehicle deseribed previously .will indeed be able to float

_ aafely and reach/its destinotioh within a reaeonable;length
of time under its own power. ) |
Reaiatance and Propulsion ) q= '

A\
2 . -1

IS

The draft of a vessel is defihed as the depth of its

£ -

-_

keel below the ,ater line. The drafﬁrmust-nottn-exce531ve
to the point“of t king water over theisides,'and must be
' ﬁarge enough to provide good étability in the water,

The draft of a vessel is given by:

-~ »

i w
Draft - "
' ' (L) (D), é2.4
' RIS .
where.w - Total Weight*in lbs,
L - Length at watenline n ft. .

. D = Width at waterllne in fv;

-~

b -

'Both tractor and trailer nave flat bottoms, therefore their
reapective draft,uill be the distance froan bottom to water—
line. (See-Fig. 12 ).- The added buoyancy provided by the

tires shall be neglected for now,.
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3. FEASIBILITY TULY (cont'd.)

3.3 - WATER «ODE PROPULSION SYSTH. (cont'd, )

3.3.1 Performance Data (cont'd,)

T

‘Resistance and Propulsion (&ont'd.)

(a) Tractor |
‘W = 50,000 1bs,’ o . i o
L - 26 ft. Q waterline.
* pwelofr, |
50 ,Om ' ! ot
- &> 3 ft, N
(26) (10) 62,4

Draffaétb; =

5

| (b} Trailer

1

1. Wpgy " 250,000 1bs. 1 o

empty

2.0 W " = 50,000 1bs, _ﬂ\\; D

;- L, L = 40 ft. w .Hater,line ' ' S
- ) r,.._’- . - . . .

D ~ 18°ft.

The drafts cqrresponding to the'hxﬁed'or empty
coﬁditions will be: . ;1
, . -, | _
\ 0O .
'Drhftl' - 250' 9? = 5 ft, when-}vaded
' (45) .(18) 62:4 - . |

leaving 'a freetoard of about 2 feet.

0,000 L
‘Draft, = 50,! Y 1.; ft. when ng§y

(40) (18)-62.4

leaving a freeboard of about 6 feet, %ﬂ‘

I
F ’ 1

.'J .
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3.3.1

41

" For equilibrium one must have:

52

FEASIBILITY STUDY {cont'd.)

a

#ATER ODE PROPULSIQN SYSTE! (cont'd.) -

Performance Data {cont'd.} N %

Resistance and Propﬁlsfg; (cont'd. )

Both tractor and trailer shall therefore float satisfactofilx
since in all cases, the drafts are smaller that the distanéqé |
from bottoms to top of sides. .

In calculating the drafts, buoyancy of the tires "aﬁu

‘neglected. However, since 6 hlgh flotatlon tires were

used on the trac.or,-it would be interesting to see what
their contribution is to the overall draft of the tractor,
According t; the Goodyear Terra-Tire Data Book, the capacity
of the 66 x L3. OO - 25 tire is 258 gallogg and its weight
is SLL ibs, o ,

Welght of tire = weight of .displaced water._.

Theréfore the volume needed per tire will be

v - ——
o] P o
Vo = =2k o g7 o9 el

-y . -

- 62.], 0o A - \-\. b -

‘where P_’- 62.4 lbs./ft..3 for fresh water

"1 - Goodyear Tire Data book, Page 2z2.

. ) - - -
- . -
., ' .
g » .
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3. FEASIBILITY STUDY (cont 'd.)

Y

3.3  WATER 1:CDE FAOPULSION SYSTEY . (comt'd.) f/

1.3.1 ‘Performance Data (cont'd, )

"Resistance and Propulsion (cont'd.}i’

and if 1 ft.? = 7.4,81 gallons, the total volume of the tire

 is $gf§i ~ 34,.5 ft.3 plus the’ volume occupied by the

rubber itself. As,an:approﬂxim'at.i‘on, Vo can Ee taken as
37 ft.3 including the rubber, ' | | “

~ Each tire will therefore be able co:aupporc in equilibrium:
W= (37 -9) 62.4. -

- 1747 1lbs, in aﬁdition to its own weight,

G

The -.corrected draft for the thactor is;.

| 50,000 - (6) 1700
'Drafsorrecped (26) (lOJ_62.§ -

\

\ x 2.5 feet e

The Tow Rope or Effective Horseﬁower required to propel
the boat is given by:' - 5 ‘ -
’ . "'" - f

RT '
E.H.P; P -
(or g; 326

e U ¢ s I

where V = Speed in knotg
Rp = Total Resistance in lbs,

' 550 ft, 1b,/sec,

326 1,689 ft./sec. #not




FEASIBILITY STUDY. Lgynt'd.)

24

-

WATER ~CDE FROFULSION SYSTEL “(cont'd.)

Performance Data (cont'd,)

Resistance and??fopulsion (cont td.)

£ f R V . ) . s .
or E.H.R};’gﬂ Py = T'f _ |

a 550 -

S

wherE-Vf = Sbeed in ftv./sec.

N - — ‘ A
-Total"Resistance = Frictional Resistance + Wave lMaking (gi

Résistange + Eday_ﬁesistance + Air Resist-

ance. .
It has been féund that at logzspeeds, Frictional Ré;}stance
afcants for more phqn 8055 of the total resisthnce, Stnce
the vchicle fili'opeqate at betwgen-3 to 5 knots, only
Frictional‘Resistantevshall,be cénsidered for design purposes;
" a prierin", Howe@é?}”ﬁlf}ﬁéqistance shall be calculated
for maximum wiﬁﬁ fbrce and assessed against Frictional

Hesistance, .

As per the Iqternatiénal fowiqg Tank Conference (I.T.T.C.)

proceedings of 1951 (washington), it was set that for fresh

.T.

‘upon’ length and nature of surface. : :

. uatur the Frictional Resistadca-3F i3_given by: 1
3 . 1.84.?5 ..odcllao‘-‘lo".c(z)
- 0,0510 .
Rg = [9.00859 + 2 ] 5.V . :

L3

(8.8 + L)

b

‘1 -~ ¥hich is a refinement of the empirical formula arrived at

by Proude in 1472, 1i.e., R = f.SaVn, where_f‘and n depended

[




55

}
|

3. FEASIBILITY STLDY (cont'd.)

3.3  WATER HODE_PROPULSION SYSTEM (cont'd.)

3,3.1~\Ferformandé-nata (conttd, )"

Resistanfg and Propulsion (cont'd.)
. \ -
wheye RF - Frict;onal Resistance in lbs,
S ;~Hettedl urface in ft.z
V = Sbeed in knots _
L = Length of Craft in-feet.’
The exponent n is taken as 1.825.
. 1 .

According to Froude's skin friction coefficients fo}‘a
* length of surface of about 50 ft., n is approximately 1
1.83 for a varnish surface,
In order to find the wetted surface of both tractor and
t;éilgr, an avérfge ¢raft of 3 feet shall be.uaed_for.both
—-, units. (Figoiz ).

\Assuming that-at‘ganerline.the total length of tbe-craft'is
ﬁpproxiaately 80 fﬁ. and average width iS'approiimately ‘
15 fp;, Lhe‘wette& surfaée.s will be: “
s =3 (80 + 15) 2 + 15 (80)
= 570 +:1200 = 1770 ft.?
;*L'.l R |

»
1 « Principles of Haval‘ArchiCeqpqre, Page‘29b.

-




Substituting the vélqes of“S and V in equation 2,we have

Ry -[6.008L9 +

56

FEASIBILITY STUDY (cont'd,)

. WATER MODErPHOFULSIOH SYSTEN (contid.)

Performance Data {cont'd.)

Resistance and Propulsion ({cont'd.)

x

Although on the sketch the total length is 66 ft. (40 + 26),

the gap between tractor and trailer (where turbulence will

create resistance) is arbitrarily set equivalent to an

-additional 14 ft. in length.

Using a safety fact&r of l.S, the wetted surface is set

equal to S = 1770 x 1.5 = 2655 ft.2
We shall use S = o ft_zl

The maximuz water speed of the craft was set at. V = 5 knots, . -

1.825

0,0516 -'] 3000 (5)
(8.8 + 80)

| -[0.00973] 3000 (5)3-825
= (29.2) (18.9) = 551.7
or Rp-x 552 1bs. -

’ . ' \ - .
For a head wind the expression for Air Resistance is:

Ry p, = 0.00L1 Ap (VR)Z o.eiiniinnn., rererereeneneeen(3)

/-—:-——

.A_.( L] l :
i:- Principles of Naval Architecture, Page 315.

" “-‘ "“‘ - -




3. FEASIBILITY STULY (cont'd.)

3.3 WATER .iODE FHOPULSION SYSTE4 (cont'd.) | .

3;3.1 Performance Data (cont'd.)

Resistance and Prorulsion (coﬁt'd.)

-

where Ap = Transverse préjected area of above water
hull in f£.2,

L = Wind veloci;y in knots. - o

For the tractor, AT is épproximately equal to:

AT = 8x12 = 96 ft.,2 = 100 ft,2 .

Assuming a head wind of 25 knots into which the vehicle is

JOSDESU

to do 2.5 knots, the air resistance becomes:

o

.

"Ry .. =~ 0.0041 (100) (25 + 2.5)2 300 1lbs.

-

L4 -

RA.A- - 300 lbs" - . . ‘ ) r.

. 1
The Total.Resistance is: .
T"RT = Rp 4+ Ry, ~ 552 +300

<

Rp - - 852 lbs.

A

L 7.

. ) ) 1
1 - At much. hirher speeds, in addition to the resistances
listed on Fuge 54, shallow water resistance would have -
had to be taken .into account. . : s

4
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3. FEASIBILITY STUDY (cont'd.,)
3,3 WATER ODE FROPULS ﬁ " SYSHE. (cont'd.)
A \
3.3.1 Performance Data (cont‘d.) N

[ : Resistance and Propulsion (cont'd.)

|

f Inv iew of the length of the dmphiblous vehicle, and of the
: fact that only the tractor is' poaered, serious maneuvering
| difficulties would be u1qounterbd in side winds when the

trailer would pivot about the hitch point. (Fig. 13)

RaL | T RaL .
|  Trailer % Tractor v
p B
RiL ‘
¥ N
Area A,
’ ) : ‘\/—_\\ Waterline
DO VO()OV *
Fig. 3 .

The aide wind thrust on the trailer is:
Ry, = 0.004 (As) (FR)? |

where Ag = Normal area =150 ft.2

For '§ = %0° and.VR - 25 knotq _ : -

DN where VR = Wird .speed in krots
N : ’ .
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FEASIBILITY STUDY (cont'd.)

WATER iOLE_PROPULSION SYSTE: (cont'd.)

3.3.1 Pgrfdrmanqe Data (cont'd.,)

S
Resistance and Propulsion (cont'd.)}

0,004 (150) (25)2
0.6 (25)2
Rarp, = 375 lbs,

Qs

we havef Rar

A counterthrﬁst of 375 1lbs. is therefore needed to

« neutrzlize the wind force, However since a pivot point

c - Rarn ' |
exiats\ap the hitch, it will absorb ﬁgfa = 188 lbs,

Therefore the counterthrust needed in the aft portion of
the trailer shall also be 188 lbs. : o
A safety factor of.z_;hall be retained and the design

counterthrust becomes: ‘ S

Fp = 375 1lbs.

‘Choice bf’?rcpulsion
Y

Given the particular constions of operation of the _
Amphibian, it was deemed reasonable to use ‘a water propulsion
ayatem well adapted to. ahallow waters namely a Jet"
propulaion system. ‘ - h

Although this type of propulslon is gettlng increased

-
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FEASIBILITY STUDY (cofit'd.)

WATER CDE PROFULSICN SYSTE: {cont'd.)

Performance Data {cont'd.) i l\

Resistance and Propulsion (cont 'd. )

‘Choice of Propulsion (cont'd,)

L

accéptance in the pleasure,craft'fieid, its use in heavier

crafts has not been widespread to date because of the excessive

 power required to attain speeds in the order of 20 or 30 knovs.

waever;uLhé;low speed operation of ﬁhe amphibious vehicle

negates that drawback.

: Letters of inquiries have been sent to companies :
L—"\-./( ’ ’ Tf'f*": )

- 1. B :
- sapufacturing Jet Drives  in order to assess their performance

in this particulhr application. _The Companies involvedrhere:‘

+

o “mlgy Chrysler Corp. .arine Froducts Div.

—_— [

- 2. Hardin ﬂarine.

3. Jacuzzi srothers, Inc.

e

4. O.M.C. Stern Drive. Outbosrd varine Corp,

e

s

' - N . .
5, ‘Waukesha .lotor Co, Pleasurecraft larine Engine- "

Division.‘

1 - Boating - December 1973, Page 118:
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FEASIBILITY STUDY (cont'd;) v

A
WATER .ODE PRGPULSION SYSTE. (cont'd.)

Performance Data (cont'd.}

_ _Reéistancé and Propulsion (cont'd.)

Choice of Propulsion (cont'd.)

At‘the momient out of the-Five\Companies mentioned, oﬁly
Jacuzzi has units large enough to satiSfy‘our‘reqdi;emehts.
Actording to Jacuzzi- of Canada, given the opérating Qeight
and the maximum sggfd desired (5 knots), sa;igfactory

performanc¢e could be obtained by Jsing either two 20 YJ pumps,

or three.l4 YJ's or even 6nly two lL'YJ's.l

Referring to the Jacuzzi Engineering Data Bopk for the ,
14YJ unit, for a speed of 5 knots the thrust is as follows:

1150 1bs, for 100 S.H.P. Input

—

1560 1bs. for 150 S.H.p. Input

\ e ¥l
1900 1bs. for 200 S.H.P. Input

S.H.P. = Shaft H,P,
"':"r . - .
SR
.
: | \o :
1 - Lett of 10 January l97b from Jacuzzj Canada, Ltd.

2 - Jacuzzi 14LYJ Engineering Data Book - Thrust\Performance'
Curve lo. 90507;, Page 7.



foraed by the prow of the trailer;-'

FEASIBILITY STUDY (contt'd.)
o]

WATER #ODE PRCPULSION SYSTE! (cont'd.) ~

Performance Data (cont'd,)

Resistance and Fropulsion _(cont'd.)

Choice of Prorulsion ({cont'd,)

62

Originally it was found that the total resistance to motion

in water was 852 lbs. @ 5 knots, Using an efficfency factor

be capable of produciﬁg a thrust which is:

~ Tp = 852x2 = 1704 lbs.

‘Therefore the design'thrust will be:

Tp = 2000 lbs.

~
9

r

From a hydrodynaaic point of view it would be wise ‘to

.of 2, (for unforeseen drag cqﬁditions), the pump or pumps must

AVAN

obtain ‘this thrust witn 2 jet puaps fbrtbetter control and

better evacuation of the water jets around the obstacle

. ”

Assuming,:therefore, that 2 jet pumps are installed in the

tractor, the individual puwp thrust requireament drops to

2000 .
-2

= 1000 lbs.

-
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3, FEASIBILITY STULY (cont'd,)

Nalk
-
ad

WATER OBE_PROFULSION SYSTE. (cont'd.)

3.3.1 Perfornance Data_ (cont‘d )

:

. o ———

- Resistance and Prdpulsion  (cont'd.)

Choice of Propulsion  {cont'd.)

: i | 1 ,
The Speed Vs Thrust graph for the 14 YJ jet pump shows that

each puzmp would reﬁgire approximately 100 S.H.P. for a total
of 200 S.H.P. ' -

The design Shaft Horsepower is 200, . N
'Referring back to thé Land dee Choice of Propulsxon section
of this report, it was found’ one of the suggested engines,

i. e., Detroit Diesel lZV - 71N has a flywheel horsepower of

39, @ 2100 r. p m. Therefore, theoretically, it can drive

both puzmps if connected through a dual output gearbox, the :

losses aof wnich could be absorbed in the excess horsepower

J . . ) . S s

.available. o S : .

This impiiés that the single prime mover shall have a duay
‘pover iake-off systemn ip order to handle both land and water
_locozotion. - “ i _

Aside fron pfopulsioﬂ_reqdirements, it was discovered ‘earl-
ierth;i a -counterthrust wa$ ?eQUiréd in the aft section of

_the Lra;;er to balance side winds. : - .

1 7 Jacuzzi ILYJ Engineering Data Book. - Thrust. aerformance
- Curve ho. $0507L, Fage 7. :

2 - Page 59 ®f this report.
- C. } . . . 0

¢
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FEASIBILITY STUDY (cont'd.) - Y

7 ‘ _ aﬁ_
WATER MODE FicPULSIGH SYSTE: .lcont'd.)

Performance Data- (cont'd.) ' kN

Resistance and Propulsion ~(cont'd.')

-~

Choice of Fropulsion (contid,)

Its maghitude was determingd to Se'FT - 375 1bs.

To provide this control Lﬁrust (as well as an additional’
forward thruﬁt‘whqp.neededl it is decided to instéll another
1, YJ Jet.bump in the trailer, Fog the trailer then we have:

Jet Puap Unit: Jacuzzi 14 YJ

Impeller: G - o~
- - _ }

Sugiested Engine: "Detroit Diesel GV - 53
"S.H.P.: 200
Maximun R,P,M,: '28QOJ .

Avai;ablé‘thrustgfor'zoo S.H.P. @ 5 knots: 1800 1lbs,

\ .' . .' - Tc . )“. . Pl

The total propulsive force Tp available, is the sum of

the thrusts provided by the three jet pgmps}
Tp = Tp+ T¢ '

Tp = 2600 + 1800

e

Ty = 4400 lbs, . ' a | )
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3, FEASIBILITY STUDY ({cont'd.,)
5.3 WATER MODE PROPULSICN SYSTE. (cont'd.)

3,3.1 Performance Data (cont'd,)

Resistance and Propulsion (cont'd.)

Choice Qf"Prcpulsion fcont'd.)

Steering -

Steering in the water shall be accompliéhed through the use

of‘the jet deflectors kgoo.ﬂrc} as sﬁppl}ed with the jet .
‘puﬁp unip%, Revﬁrﬁe motion ié dbtéiged by dropping
.reverging‘gates thus deflecting ﬁhé'jét dbwnward and forward.

Tﬁe reférée ﬁhrustlis ap;fbiimate;y 50 of:the,forwarQ thrust.
" The gctuatioﬁ of Steer;ng‘ahd,Réversesfgnctions is‘asg;ollpws:

\ L

a

(a) Steering: A tiller ‘arm inside the hull moves the jet‘_.

from side to side through a 40° Arc.

Tiller Arm Travel: 7.25 in.

. .Required Force: 160 1lbs,

I SR

;17? Jacuzzi.ldYJ Engineering Data Eobk.
o ) ] 3 ‘ . - .

. \ '
. 1

\./ 1 R - . P : P
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3.3 .
3.3.1

.

FEASIBILITY STUDY (cont'd.) ~» . o

WATER iiODE PROPULSICH SYSTE: (cont'd.)

Performance Data (cdnt'd.)

Resistancq_ﬁnd Propulsion © {cont'd,)

Choice of Fropulsion {cont'd.)

(b) Reverse} The reverse gate is controlled by a push-

N . pull cable.
Travel: 3"
Required Forée£ 80 lbs,

It is intended to have. both steering and reverse controlled
from the Driver's Cabin. Both‘fdnctions sh;ll,be gccomplished'
hydraulically using an auxiliagy.éower_stegrdng pump unit orn
tﬁe éngines." e _ H\ . _ _ 2
It is believed tnéf-a'véry versatile dontrol system can be

obtalned with proper co- ordinatlon of the 3 Jet pumps.

.Location of the components wlthin the vehlcle shall ‘be .

J

discussed in the Design bynthesxs Sectlod.
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FEASIBILITY STUDY (cont'd.)

of supporting a total weight of 250,000 lbs. .

be left tolthe spééialists. . w

arailer

STRUCTURAL DESIGH NOTES

. Both the tractor and the trailer making up the

amphibious transport must have the necessary strength in

" their structures in order to withstand the loads imposed

on them. Because of its function as payload.carrier the

trailer, naturally, will have a chassis or structure capable

’ . 2 :
.'Intuitifely, it was'already suggested that, a box

structure should be used with a_boxed‘beam as a backbone,

for torsional reéistance.” This suggestion-will now have

¥

-

to be proved out with the necessary strength analysis in
//

order to satlsfy the conceptual desmgn criteria.

' \ ’-f’ . i - -
The detailed structural Gesign Pr‘the_frames_will
. I \‘

| ) LS
AR

The'loaded trailer's weight was assumed to be
250,000 lbs. Of thiq, 50, 000 lbs. was tare weight and

200,000 1lbs. was payload e
- Ll ‘ \-.
1 - See Design Criteria - Page-~ of this report

2 - See Pagez6 of this report.

~—



. - FEASIBILITY STUDY (cont'd )

PR

3.4,  STRUCTURAL DESIGH NOTES (oont'd.)f

3.4.1 Trailer (cont[d;).

S ;The shape of the payload is such that, for practical pufpoqes,
ﬂye have a uniforml§ distributed load over the léngth of tﬁe
'billets, i.es, 30 feet. . S -

‘ =S

- Tvo conditions ofjibéding are present:

,(a) on laﬁ@
(b) 1in the water /””'/\_N L
/ I

Only the first condltlon, which is the worst, shall be -
considered here. Indeed in theory, for a dxstrlbuted
load in a boat no bendlng moment to speak of should exlst
wigp a continuous body of water surrounding it.

. h . _

Bending lMoment and Shear Stress

o

For the Land ”ode, the s implified dlagram of the reactlons

is shown on Fig. 1.

W = 6,700 163, /ft,

Do e TR N

- 3 ? , ?
r e :
|.. s [

1 10 25';' .
‘jq_ 30'“, . L

Fig. 1& - Trailer Loadinq Diarram (Txp*cal)

1 - The spring constanis of the tlres are dlsregarded for this’
feasibility study - o ‘ . !



69

p}

., FEASIBILITY STUDY (cont'd.)

3.,  STRUCTURAL DESIGN NOTES (cont'd.)

¢

3.4.1 Trailer (cénttd.) -

This is equivalent to a Statically Indeterainate Beam

because the two static equations ﬁust be supplenented by.

one equation involving deformations, ‘ o " '

-

The continuou bean, i e,. bean resting on more than two

v

supports is subgetted ‘to a uniform load for a portlon of

. its span, The three Homent Theorem shall be used;, where

-

. 1
the bendin soonents are the. unknowns.

N . 6A1 al 6A; by
Mplp + ZMB (Ly+ L) +Mglp = - i - o

T

Where My, HB and ”c designate the bending monenns at

)

supports A, B and C, Al and A2 represent thc areas of the
ﬂDBment diagrams and al and b2 designate 'the distances of the

centroids of each of the moment diagrams froa Aand B
respectiv;lj. '_,5» L "f L

R ]
)

However for feasibility purposes we shall use the case.

‘s

_.*--

ere/ the load is centered on the axlee.

.+ 195, Page 1£5.

<

1 - Strtfgth of Wate:ials by Wahe uash Schaum Publi*hing Co ,

'ﬁ>
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FEASIBILITY STUDY. (cont'd.)

STRUCTURAL LESiGi LOTES (cont'd.).

Fro::ymmetry-the reactions are:

o

Trailer {cont'd,)
' «L

Neglecting the hitch reaction, we have a continuous beam

overhanging 2 supports as shéwn'below:

M
I

| W =6,700 lbs./ft.

vt b e |

1 2O [ [
B : Ry - R
10°¢ .f 1 QO' f 2 10!

il

h

Fig., 15 - Idealized Trailer Loading

: 300,000 + 50,000 - |
Ry - Ry = 125 000 1bs

2 |g -7<. .

Viaually, it is seen that the moments at points 1 arnd L will

¢

be.0. i = H, = 0

'Assuming nhat the tare weignt of the trailer is uniformly -

distributed, it will contrlbute .29;299 ~ 1200 lbs./ft. -

.. N o
Therefore over the 30 ft_load supportiﬁgflength, the totaﬁ

unit load will be:

Hﬁ

K g
200,000 ', 1300 = 7,500 1bs./ft.
v . . .
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FEASIBILITY STUDY “fcont'd.)

STRUCTURAL DESIGH LOTES (cont'd.)
Trailer (cont'd.) ' : &
From symmetry we havé\M2'= My
- \ 10
Mp.= My = - 7,900 (10)] ——

, O\
Mz = M3 = = 395,000 lbs. ft. :

At the centre of the beam,.the bending moment will be:

My = - 7900 (15) __1_2 + 125,000 (5) .

- - 888,750 + 625, ooo K
Mgy = - 263,750 lbs. fr.

The bendingrmoment diagram takes the following shape: e
el - .2 3 4 -
-100 | ) o o ///,/ﬁfzr .

200 4§~ | | i . _ 263 750
=320 1 C { - : ibs, ft.
- - . . : i : - OOO
ke o %%
"500 ¢ ot —_ -
M x 103 1bs. £, k) - L |
) Fig. 16 1/;;:;iiéed Bending Homent Diagram-of .
e . / Trailer. : :

. - .
N - L s - . e

v . - ' :J"\
[ L . ) - . )
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FEASIBILITY STUDY (cont'd,)

'STRUCTURAL DE3IGH HOTES “(cont'd.) .
Trailer (cont'd.k_ . ) o

Using ag‘oad factor of"1.5 with ‘a steel hav1ng 50, OOO P.S.1.

yleld stress, the design stress 1§ ,
. . T '
Design Stress = Smax.”j o .
l.“5 ’
which is derived from ﬁhe'maximum bphding’;ﬁress formula:
“ Mo Trom I \ :
a'smax.‘ = T = /e wherﬁ < = Z = sestiqn modulu§
-fherefore using the idealfzed'diagrém we g%t: | 'gi
DesiCn'Sbégiﬁ = -22#932;__'- My (12)
' 1.5 ’ Z

BN

7 e 14,2.2 in,° o~

The-rehuij@d section modulus 2 of the main bean is:

W3 (12) 1.5

YA
50,000

395,000 (12) 1.5 . . . . .o
3 50,000 |

1f torsional resistance were not a consideration, the follow~

ing team nOUid be satlsfgcfor, ‘ )

N2 x 12 %F beam 106 lbs /rn._ Z = 144 in.>



, FEASIBILITY STUDY (cont'd,)
3. .

3.,  STRUCTURAL DESIGE NOTES (cont'd.),

3.4,1 Trailer’ (cont 'd,)

Howevér, because of the torsional requiréments, it is

.. preferable to use a boxed section in which ¢ ase one could
use two: Z sections welded togetﬁer or an equ1valenL built
ap X section. ' B

. This boxed section would form the backbone of the'tfailer'
and wohldvbé continuous'from the hitch on., (See Fig.ly )Q
The rest of the trailer would. be. made up: of steel plates

. welded also in a box fashion as. shown. s

Although the hitch reaction Ry shown on Fig..lb Page 70

haé been disregarded for the selectlon of the backbone beam,

" a reasonable hitch" load would be 10 ,000 lbs. This reacpion

is ne essary for proper trdctlon and control of the vehlcle.

If a smaller hitch force is deemed necessary, both traller

axlea can be moved forward to auit , while maintaining the

— v

wheelpa§e of 10-ft,

o

: 31‘0.2 ;Pr’act—orl'- . y

. !’_ .

P . ) . -
« A : - ..
Al .

“““?3& adequaté,tréction, the~traétor weigﬁt had earlier been
laét“gﬁ‘S0,000 lbé.. For all précticalmpurposes,'this welght
will be a3a;hed to be é@psﬁant;. It is relatiyely-modest--"
compared to the. loaded .trailer.

1 ﬂ‘

%



Filg. 17 - Sketch.of Trailer Frase "
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3.4, 2

hor installation of the. wachlner).

Yo S

FEASIBILITY STUDY ({cont'd.)

U

STRUCTUR:L DESIGN NOTES ({cont'd.) -

Tractor (cont'd.) .

The hitchlldad of about 10,000 1lbs. (loaded tré&ler) will

. also have to be added. If uniform loading is assumed, the

load per axle will be:

60,000 s .
! = 20,000 lbs, or 10 Tons:

w ™
A 5 20,000 "

I3 [ .
To gain maximum room inside the tractor for all the equip-

ment, a cage type_structure is indicated. It would give
good re51st;nce to torsion. (See Fig 9 ). !
It is sugcested to use steel’ hollow structural sections

r

(H. S.-.) in an all welded structure thus taking advantage of

&
" thelr stiffness and physical shape that provides-i flat

. surfsces that would facilitate the ins tallatlon of the motive

v

equipment,
Unlikf ‘the trailer, which is open top, the tractor is
totally erclosed and allows a rib cage structure,

A suitable openlng mustj?e prov1aed at the top for removal :

i -
b |

Although this rib cage deuign will be much stronger than
the finite backbone beam one the worst case ahall be

considered here to arriVe.at:a safe design.
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3.4.2

The distributed load is: w =

FEASIBILITY STUDY (conﬁ'd.),

STHUCTURAL DESIGH NOTES (cont'd,)

Tra ctor {cont'd.l

e .

'Lét us assume that the‘eﬁtire tractor load (60,000 lbs.}
ié distri%uted over 25 fp;of its length (Fig.1Yy ), and
supported by 2 beams'with ;vefhanging ends resting.on the
3 a;lés as.éhown. '%his is equivalent to a statically

indeterminate continuous beam subjected to a uniform

load (Case 1}. Again, as was done for the trailer, a worse |

case shall be considered namely the one where only the front:

_and-rear axles would support the load (Case 2).

In this particular instancélthe reactions Ry and R3 are:

R = Ry - 605000/‘ = 30,000 1bs. ol

Visually the moments at A and E are:
My = kg = 0 ; T
60,000 '
25

= 2,400 1bs./ft.

Again by symmetry at'points A.and_D the bending moment is:

Lo

My = Mp = = 2,400 (5.5) 252 S R
‘w « 36,300 10s. ft, ,
B e .
, ) o | .
. ; _-_..ﬁ . -1 '_-j | ' ‘/ = ) ‘ N \'
o A U

L
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TCTAL LOAD: 60,900 lbs..

25! !

}25 ] .

.
Fip. Lo
[ 1]
I
<

15 a



CHg = =72,400, (5.5 + 7)

::C = + 22_!509_ lbs a’ ft. L .“~ . - '. ". e ,_ '.
. a o . « |
Thexrefore in Case .2 the mgximum.bénding moment ogcurs at -

?Lhe frent “and rear'gﬁiéé. \

| 76 3
FEACIBILITY STUDT (cont'd.)
5TRUCTURAL DESIGN NOTES {conttd.) T
. Iractor (cont'd.)

A

‘At C the bending moment is:

5.5+ 7)
T R ()

= . -~ 187,500 +_ 30,000.(7)%

i

The bLending moment diagram is as’ follaws:

M ix 103 1bs, 2 |
. o - ’ o b
- Y
LI
. coL T S

. ’

2>~ Fig. 20 - Idealized Bending Moment Diapram of Tractor -

)
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FEASIBILITY. STUDY - (cont'd.)

cTRUCTURAL DESIGlN MOTES

Tractor f{cont'd.).

L

Using a load factor of 1.5 with a steel Raving 50,000 p.s.i.

'w-myieldAStrqss} ;he.design stress is:’

~—

smaxi

Désign'stress,-
- 1.5

~
LN

" where Spay, = Hrxioua

' K|
but Spax, = —
 Saax. Z

)

(ébht'd:)'.

P

SQress

b

-.." * !

uhere M - Max, bending moméﬁt

Z = Section mozhlus in in.3

Therefore, Design Stres

Mg (12) 1.5

AE

50, 063*-
1,5
{

oo

L | 50,000
36,300 (12

) 1.5

—

7 ='13 in.l.

Thia condition is aatisrha

50,000

d by many H. é S., as fof“Xamélg,

1
a rectangular 4.5.5., 84000 in..x 4. OOO in, with a

0.3120 in. wall tnickness and waignAng 23.28 los. /ft for

which the section modulus Z is. &3 466 in,

1 - Hollow Structural S

ections - Desizn'

3

b ]

ianual - Stelco 1973

\
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3, - FEASIBILITY STUDY (cont'd. ) )
3.,  STRUCTURAL DESIGK NOTES ﬂconu'd )

.3,L.2 . Tractor ‘(conﬁ'd.) : : .
S - wWith two"beams supporting the.load, we could use two HoS.5.
rectangular sections, such ase6,000 in. 4.000 in. (s%énding 
on their smaller sides) with a b 2500 in. wall thickness and

.ueighing.13.60 lbs, /ft. Each beam would have a section -

-

- - modulus of Z = 7.354 in.3.
Case 2" P _ f§

'Thié 1a-the éitreme‘case.where the vehicle goes over a’ hump
and has, momentarily, 1ts load supported by the middle axle.
: only. (See Fig. 19 )e T
-+ The maximum bending moment would occur at the middle axle.‘
| \Ta value would be: - ; “"/ ' f)

M =+ 2,400 (5.5 +7) 22T

| . ' ,‘ R
. Mg - - 187,500 lbs. ft. ( ‘ ' . ,
s _ With a load factor of 1.5, Qeg_reqhiqed section,modqlﬁs'
would be: o .: T "ﬁe‘ | .
el 187,500 (12) 1.5 . ,‘ - . |
' | . 50 ooo- r"' - : -‘. I‘
C . Z= 67,5 1n,3, | - '
7 ' .
S with two beams, thquﬁgftion modulus . required would be
) = T = 34 in.?.. _
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‘case of collisions.

. _ _ _— 79
FEASIBILITY STUDY (Font'd.) - T Y S
| STRUCTURAL DESIGK LOTES (comt'd.) - - I ‘
Tractor (pont}d}T . | . . o |
- 'I'h$ following H S. S would be adequate:
Squqrq.Sgct}op. 10,000 in., x 10, 000 1n.
¢ oo . - -
. Wall thickness: 0,3120 ih. ,ow ~ - b
Weight: 40.25 1bs./ft, - - | o R

. . N . . : . . ¢
Sgéﬁidn_Modulus:_ zZ = }6.633 in.B. .

s

‘ The rib’ cage design with its inherent strength would permit,

the use of small\n\ﬁ S.S. beams, The skin coulﬁ be of

1/8" thick steel plates reinforced at the bow and stern 'in

1 1

" 1f a 8 00 x 8,00 H.S.S. Square is chosen for estinating o

T,

'ﬁhrposes, it is found that at 35 lbs /ft., the cage

structure would weigh approximately 30 000 lbs., leéﬁing

a nargin of .20, 000 1bs, for machinery and ballast if

requireg {See-Fig. 9 ). a\\



3, » FEASIBILITY STUDY® (comfd y - -

3.5 . OVERALL DESIGH SYhTH:.SIS
. . \ . 4
, - In the prev1ous sections of this report the fLas- o

Xbility of the amphibious transportation syste. was denonstrat-
/ ed-. Conceptual solutions eo the basic design’ :Loblens were

’ advanced in order to support the viability of tLe overall
.- schene, . Cee LT | --&' SR

o+

.

‘It remains to diseuss how these conceptuél.solutions

can begbrought together to form a functlonal,piece of

machihery or in other words, 5ynthesized into a realistic

overall design. coe !

- 3,5.1 Terrain and Buildingg.

" . .- . ..‘ . . “ \., R
As was mentioned earlier, the design constraints-

| ;. ; imposed 'by terrain or buildings were taken into consxder-
oo .:tion for the design of the vehicle. However, these are - )
not fixed immovable constraints. II the amphibious
transportation syotem is accepted and substituted for the '
present railway system, the constraints can also be changed
to suit, the vehicle tf’nogd be, This is especialiy*true if
the aavings -are consi&erable.l for exanple, the size of a‘
,,truck huilding access door could be changed,rcrane handling e
) could be altered, roads could be paved etc. Tharefore, the

statib constraints are in-fact flexible. .

Kl
. R .
B N .
N
" . .
) . . .
. . .
- .
a . . ' 1 .



3.5.2.

 'ﬁ£nsIB1LITY STUDY (cont 1d. ) LT .

'componenbs. _ S 3

OkERLLL DEgIG' §YhTHEuIS (cont'd ) | T

lmphibious Vehicle

'(a) Suspension

The basic functions of the venlcle, iae.< load
carryin& capabiliby, land locomotlpn and‘nqv1gabiliby,
have been.studied and proven to be feasible.' In each.case,'

solutlons havé been suggested to obtain these functions

' doun to the aalection of -a suitable piace of equipment The};

1

. following is a suggested overall system broken down to .its’

- . i .
~& - -

g R .F ....'. ‘]‘ (? .‘ ;‘ ‘-.7

Aé was decided earller because of the lqw operating-;\

(b)- Body S R oo

Thé'godieé of both'tractor ghd trailer can be made up of% ;
l/Bﬂ thick steel plates in an all welded cogstructidn.- .
The body of the tractor could be designed in such a way ’
that some sections at the rop could- be readily removpd

for easy access to the machinéry. In all cases however,

proper naval techniquea must be used to insure a water—

L

tigh; conatruction. ‘ _ L ) L : -



- FEASIBILITY STUDY o /

3. (cont'd.) . , i
‘. . ' b ‘. ' : V i . ‘. ¢
3.5 OVERALL DESIG: SYNTHESIS (cont'd.) '
3,5.2 Amphibious Vehicle (cont'd.) ,T ]
(b) Body (cont'd.) S ' . -
Due to the tracneﬁ's structural conflguration -the;;$ﬁ

engine .rooa. iskselatively spacious; . neverthelqﬁg,.
equipment “must be installed‘with several obJectives
in-mind - o o | |

’.

e Proper Weight Dlstribution

ks

y-Ease‘of'haintenence DR ‘

- Optiaun 'Spl@i;ization . - o

-Depending on the arrangement of thg mechanical components,

it might be necessary to add weight to the front of'the

i L]

. trac;or in order to provide a fairly even groun ressure

" at all six tires especially with mayimum hitch [load.

This added weight cduld be in the form of removatle -

" ballast like water. y
"The dea&gn of the trailer is straightforwafd. Care must

be-taken\?o provide the load supporting bed in such a

‘> way as to. allow enough, clearance for the existing

-wf;“—moterized 11£cing bales presently operating in the

- No, 3 Bloom and Billet Mill Shipping Building (Fig. 7 ).
A compartment is provided at the sternto house the

q}ng%e'jec punp and engine. .
T . ’ P - \ s .
- . A%
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eh. FEASIBILITY STUDY (cont.'d) I

3.5 ' QVERALL DESIGH SYN THESIS' (conr.'d ) L

3.5.2 mehibious Venicle (Font'd.)

(c)' En ines : Coe - - |
—gﬂ' L.+ - - . .

- rd

-

For reliability' power ‘and minimum maintenance, it is
euggested to use Diesel engines the power and torque
. of uhich are  well suited to the requireme“ts set forth
) -t in tha.previous sections. Several manufacturerslproduce
- <i-engines suitable for this application. The Caterpillar
- Co.,, for example, makes engines in a wide. horsepower and
torque range weil adapted to rugged oonditions.
It wasxehown in the land prOpuISion system study ‘that T
T -the grade and acceleration requirements account for
mor.e than 705 of the power requirements .and yet: these ¥~
two peuks only ‘occur for a short’ duration. _This fact
points ;he way towards the application of en energy 'j -
f-'. h otoring oevice that would give up this e?ergy rbr the
two peaks ment}oned. If the so-called super flyvheels
"'1 proved feasible in this particular a lication, a>less
o powerful engine wouls*" be-required resulting m*a capit&l
c?at reduetiou as wfll as a reduction i? fuel\coggufgfion.
v D‘ : ) o

1 - Diesel and Gas Turb‘ne Catalogue - Volume 34 - 1969
. Edition, Published by. Diesel and Gas Turbine Progress -

oE 'Milwaukae. o o ,
2 - 'See Page k? of. this—repbrt. - ‘!

-
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| FEASIBILITY STUDY (comt'd.) -

]

"OVERALL uESIQ} SYNTHESIS (cont'd.)

Amphiblous Vehicle {cont 'd.)

(¢)

(d)

,Transniesion ann'Driveline -

!

-Engines (cont'dz)

This flywneev could ‘be revved up during loadlng and-

unloading, on flat ground when empty, in the water,c

GCC.

L] -

4 .
- .

v e

R 4 uas decided earlier to USe a Diesel engine'tocfrive

the wheels through a conventlonal transmission system.
For gptimum space, utilization it is suggested to drive
the two forward axles conventionally out to drlve the

rear wheels by sprockets and chains from the middle‘

‘q;le. (See Fig.lL }. This layout would elininate

one expensive planetary axle and would provide room 1n
the back of the vehicle to fit, the water propu151on
systems. - The two front axles uould not get their

poner directly from the transmission but from a transfer

‘‘case as shown on Fi;.i; . Similarly the two jet pumps

would be shaft driven“through a dual output gearbox

L |

connected directly to the’ engine throu;h a universal
shaft This implies that the engine will be supplied |,
uitb dual power take-off ~ The engine position would

. neceesitate the installation of 2 access ladders into_'

N .

.the engine room, located on either‘side.of the engine.{

»

* ' r R N ‘. *
- 4 . . )
‘ . ; . -
. - . . L]
. . = . -
.
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‘_IE'_I';ASIBI'LI'H STUDY (cont'd,) : S
OVERALL LESIG. SYNTHESIS {cont.'d l
5.2 Am*hibious Vehicle (com,' . ) " . s _—

(d) Transwisuion and Driveline -Iébnc'd.)

Al) uheélg'will have their bedrings totally sealed to

‘withstand hydrostatic pressure. |

(e) Jet Pfopulsion . | T,

In the feasibility study for the wéter ‘mode propu131on
syste& it was concluded that two jet pump units wou‘d

be used to obtain the required thrust assxsted py a

third unit installed in the trailer. The paddle whe€l
action of the 6 tires was not tdken into con51deration .
;but should perhaps be considered in view of. the ‘spare
powar available, at least for a551stdnce in .steering or .

braking.

N

> 'The water intakes for the jet pumps will be located on

the flat botto;s of tractor and trailer and be p;cvided

. luith an adequate screening device:f - | '
| To aave space, the trailer Jet pump,gngine could be -

tranaversehy nounted with the use of a right angle gear-

box. The location of the Jet pumps in the tractor is as

'shown-on Fig. 11 .

(:jl - See Pagé 02 of this report. = ,
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3,’" - FEASIBILITY STULY (cont'd.) .

3.5 OVL;R,‘LL DE‘?IG‘ _SYNTHESIS  (cont'd.) ; ’

3. 5 2 AmphlbiOba Vehicle - (conc'd.)
u " ) - r
(e) Jet Propulsion Cont'd.’)™

Jf In view of "their experience to-date with heavy barges

and fenries, the Jacuzzi Company: seems to be;a likely

-

supplier for the jet propulsion equipment as was already

»

~ discussed in the feasibility section;
: -

- .
ot . ’

() intch echanism ' IR N

'Tﬁe'hitch will be one very Sinilar‘to ehe brésené-
wfifth. wheel’ design extensively used ‘on Stelco's’
:ingot carrier truck:. "Our design hitch load of
. 10 030 lbp. is about one,third of the everyday operat-
ing hitch lOadS of the ingoc carrier trucks. The
'fifth wheel™ hitch provides a spherical novement of .
' 22° Irom the vertical, '‘which is deemed adequate for
the t)pe of operation discussed previously. To ‘2
'compensate for the changes in draft of the trailer,
it is proposed to al;ow the hitch-to have a vertical

o adjuscment of about 3 feet in order to maintain a

reasonably level attitude of the tractor in- ﬁhe water._

l - Euclid R35 Tractor Specifications - Appendix.
2 - See Page 51 of ‘this report. '

-
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- FEASIBILITY, STUDY (conu'a,l

OVERALL DLQIG!\ C”HESES"(Eont;d})

'Amphibious Venicle (éogt'd;{

o

(f) Hitch techanisa (coft'd.)

[
- o " ot

Py Field-tests, however, might'proﬁe that a hitcﬁ‘positioh-
ed for loaded conditionu could well be acceptable as -
such; the consequence belng that the stern of the
trailer would ride high in the ‘water when emppyz

&

(g} Controlé

&)

The driver's cab.~ or pllot's cabin - Hlll COQtaln all-
the necessary controls for both 1and and water modes of
operation, It will have interior dimen51ons sufficient
to accomodate a crew of two. | A |
pAll con rol functions, including control of the traller
jet pump, shall be accgmplished from the~cap. In effect
‘the cab will ?e a hybrid design, combining land and
water oper on cqntrol_gquipment. For example, ;he-
lghd.steergng coﬁtfpls - whether joystick or wheel tyre -
'wi}l perfora double duty by also coﬁtroi}ing»the stéer;ng
deflectorsron'nhe jet pumps. ’ - e
Havigatioﬁal lights, Searchlights, etc., will,a;sa,be

provided as needed.



N OwrnAhL Duuzcn CYNTHEST (cont'd )

- FE&SLBIL;TY‘STDJY (cont 1di)

0

L

1mpnibious Vcn;cle (coht'd.)

(h)

LI
° Tt

_Operatians - S

.- LT

i .

-

* The approach_torghe_LranspopPeL;on problem stated‘hjs

been one-of'substitut;bn; that is the new concept
could eliminate the old., It would be appropriate in

this casqpto do,a Value Englneerlng Analysis of the

operations in - order to determine whether, in certain

cases, both old and new could be coaplenmentary. .

For exampie,,it may be more economical to operate the.
amphibious vehicles in good weather only. This cculd
be determined after the analysis of the performance
trials of the prototype. AS it. stands, the'ob}ective
is. to ope;;te the amphibiou vehicle }ear round,

Unless otherwise indicated, it is proposed that routine

mqintenance of this new equipment be carrleo out in the

existing iobile Equipment, Centre which 1is equ1pped to

handle the big Euclid Trectors

- . I

o>
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. pmslenary stups feomt.). | |
5.6 COST ESTLIATE . / - e

: Int he context of a money maxlng concern, no scheme
., or idea ‘is a pood one if it does not save money or otheruise
brings sone: beraflts to the compan;. " kn idea will remain an
1

idqa'if the "+ :rh on Inveatment" is too long especially if

0-.

{t tries to replace aiproven method. An atbempt Hlll .be made

-

here to arrive at a "shotgun" cost estlnate in order Uo get a

feel fo* the capitel outlay requlren to make th1s schcme

: operational.' , o
. - ‘ .'.

The following sropé of work is cowtemplated“

l. Roads and Euixﬂxng_

. *
————)y . .

; - {a) Prozide approc¢na.ely 2 OOO feet of’ paved roadway

J

where necescarj excavanion and backfill where-'

reqyired.

. . E . v o

-, 1(61 lFrovide approxinately "200 feet of concrete ranp Bj

ol
It

| : fJO_fpeL wide for 1and-launch purposes. ; oy, '
DS ' 6
g . = '5.-" . . T s
;,/- .t {e) Modify railway track ckossingg‘whéré7hecess§ry‘co
_ bring to level. . - . el e
L) Clearfan’nrea-inSide buildings for adequate vehicle.’
: -' ‘ oo R v T ‘ ‘ot
clearance. o T
f . \ ; ) [
} ] ' . t
r . . D N
' ) _a !‘-.'_ A - i ‘ .
, 1 ~ Nizber of }ﬂ [ gnarui c hepcapipalfexp;nditure‘with
the savings dccrued., ot L C
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5. FEASIBILITY STUDY  (cont'd.)
5.6 COST ESTLAATE (cont'd.)

Y. ' Roads and Building; “{conttd.) *3

Pﬁrchase 2 motorized 1ifting bales for No. 2 Rod Mill.
- I' " .
oo e
2, Waterways - S _ f
: .
(a) Dredge at the No. 2 Rod Mill site to remove an. aver-

‘\,
age of L feet of muck to provide B feet of water over

a diatance of 2, 500 feat (from red channel marker to

loaﬁing area)..

(b) .Provide floodlights av each land~launch site.

::,‘ .

1c4 Provido de-icing devicas if necessary.

3. 'Mobile Equipment I . : ! N
(a) Purchase 3 amphibioua Tractor-Trailef Unins."
(b) Purchase oﬁe-aparé'amphibious Tractor. -

? *

(¢} Purchase nhbesaarx'spare.parta.

: . N ' . . I &
The correspdnding coai'gStimates. baséd‘on current costs, are
] A A i o ’ .. . sl -
as- followa. .o > o ‘
1., Roadp and Buildinga L TR
. . L 4 .

(a) Paved Roadway-
Area: 2,000 fv. x 30 fe. uide = 60,000 fp.z

1)
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3. FEASIBILITY STUDY (cont'd.)

36 COST_ESTIlATE (cont.'d )

1. "Roads and Buildingp {cont'd.)

(a) Paved Roadway (conp'd.) |

"* Using a unit cost of $5/yd.2,.the cost
P - of paving is: ¥

(0,00 x5 = 33,350  Say +.....  $35,000

(b) Concrete“Rame
200 feet long by 30 feet wide by 2 feet . - . '

vy,

thick .
: Volume = 200 x 30 x 2 - 12,000 ft.3
At $125/Yd 3 installed the cost is:

: 27

[ 4

(¢) -Modifications to Railway Croiﬁing;-
A © Allow $5,000 | S $- 5,000
k (d) -Area 61earanco Insidé Buildinés :
thllow $5,000 _f . & 5,000

(o) Purchase of Lifting ﬁales
Purchase 2 motorized lifting bales:
 Allow $20,000 ' $20,000
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3. FEASIBILITY STUDY (cont'd.}
3.6 COST ESTIMATE (eont'd.; = ¢
2, Waterways - _ o S ¢

~

(a)

(v)

(c)

Dredging at No. 2 Rod Hill]

Dredge 4 Ieei over an area of 2,500 feet

by 100 feet wide.

Volume = 2,500 x 100 x4
A . . - -
. -= 1,000,000 ft.3 . '

At $2/yd.2, the &redgihg‘cgst is:

1,000,000 - _° - : _
- x2 = 74,000 Say.... - $75,000
27 ¢ o |

o | :

Floodlighting ' ,
. ’ .‘ s & '...- .

Allow szs.ooo-\) S \ $35,000
‘De-icing Equipment
An allowance of 50,000 is made. ' - 450,000

o
',“
- ! _'\’\ .
!
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3, FEASIBILITY STUDY (cont'd,) ., - - R

3.6 COST ES*ILATL. (cont.td.)

3.  Mobil

(a)

e‘ﬁqpipment ’ P

Tradﬂbr-Trailer'Unita. .

.. The present, cost of a tractor-trailer

s (D)

(¢)

unit with 120 Ton payload is approximately
+ $120,000. N .
" {70, 000 tractor-+ 50,000 trailer)

<
for the phibioue vehicle - prorating .
e will uee.k; Al ‘
3200,000 per uni _
i.e., $120 Oodffor the trac -
$ 80 000 tor the trailer * . e
'; Therefore for 3 complete units the cost
will be: _ e < B
.$200,000 x 3 = $600,000 .- & 600,000
Spare trec;er $120,060 : S \~ $ 120,000
Spare parts, allow — ‘ " $ 25,000
| e oo -
o o Total  $1,026,000
(, ‘. ' . -
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'FEASIBILITY STUDY (cont'd.) o C .

A

cosT ESTIMATE (cont'd.)

Approximately 20% of this total is added.on as contingency
and eadﬁiation tofbring the total spproximate cost of this

. &

projebt to: v .
| ) © $1,250,000 S
." \- ' : | - 7
For comparison purposes, tranéportation of billets by barges.

. 1l
. AS described earlier uould have cost approximately

$4,000,000. 1n equipment alone, not counting the annual tug

rental fee and-the wages of ;he_manning personnel.,

LY

N
-

~ : -

1l « See ¥ag§_8 of this rppo?t.
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SUIGARY_OF PROPOSAL : S . )

> . The proposal that hds been discussed in the fore-
going feasibility study is not meant to be only the L

\presentation of & new vehicle, but instead the sugﬁfstion (L

'

;3 of s new, original transportation scheme within which a new

[

- wvehicle is created.

: In recapitulation hera are again, the main lIines of

‘this proposal . : o ) '

1. , Problem to be Solved '

t *: The preaant rail transportation system used to carry
 steel billets from the No. 3 Bloom and Billet Mill, where
they ara produced, to the No. 2 Rod Mill, where they are
rolled into rods, is an expenaive and slow process
ibecauaa of the distance involved - qver 2 giles - and the
use- of an outside railway company. A better schame would
-bq\one that uould use Sﬂelco Personnel ‘and equipqspt along
- a quicker itingrary. ‘
P

2. Progoaed-Solution
3 }

The/new cransportation ‘'scheme prOposed, utilizes
' a_uatdr-rogto’charted on the waters of Hamilton Bay éver a

" distance of approximately 8,500 feet betueen the two mills.

L8

—

‘i@ question. _(sg. Fig. &)






" smmr! OF PROPOSAL. (cont'd.)

2.

Proposeg Solution (cont'd )
)

. The m eéni of conveyence will be a hybrid vehicle capable

of prdpe ling 1taelf oh land as well .as on wﬁjir in order

to carry the billata from mill to mill without 1nbermediate
handling of the load.

Qggcrigtion of the Vehicle
. ‘

The amphibioua vehicle will conaiat-pf a tractor

and a 'trailer capable of hauling 100 'ronsﬁ billets per

»trip i necessary, in ordar to austain the maximum .

) - production requiremonts of No, 2 Rod Hill uhich are

,LOO Tons/day. The maximum. apeeds required- of this

vehicle are set at 5 m.pih on land and 5 knots on water. -

The tractor consists of -an amphibious 6 wheeled vehicle
' dcaignod for adequate movement on land and on water.

. (See Fig. 3) Lnnd locomotion is accomplished by driving }

by
all 6 wheels of the vehicle through a conventional Diesel
engine and transaiasion aysten.' (See Fig. 11l).° !
Propulsion in the water 4s insured by two water Jet pumps

- driven by the same Diesol engine. The tires used are of
the high flotation typo, well suited for this kind of

operation. A standard . "Fifth Wheel” hitch links the

tractor and the‘trailer.
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S . * The trailer is approximstely

. | ) . -

SUMARY OF PROPOSAL {cont'd, ) S .
5 . R

3, Descript¥dn of the Vehicle

’
o
.

-

Ihe tractor is approximately-30 reetlong,slo feet wide
¢

"and 12 feet high.

18 feet wide and 9 feet high., Its box structure can

‘carry the 200,000 1bs. payload, and is supported on

b non-flotation whoele, poeiCioned in ‘such a way as to

.allow & hitch load of 10 Tons. (See Fig. 3). A third -

water Jet pump, with ite own diesel prime mover, is :Q'J

uounted at the stern in order to provide proper ateering

control and additional propuleion when required.

4. Changes Reghired

The adoption of this neﬁ'propoaed scheme would

¢ require only minimal chenges to existing conditions.

" These changes eseentially involve the construction of a

suitable land-launch ramp at both ends, grading\and paving

roadways where required lighting, etc.

In other words. no

ma jor ‘alterations to the landacape or existing buildings

‘are contemplated. o

!

~

.



Ilo

98

SULUARY OF PROPOSAL (cont_'d3) ;

_ The originality of’ this new scheme lies, to a certaih
- extent, in the fact that a water route 1s ‘used, but mqre 80 in'{

the fact that this water route is plied by an amphibious
vehicle capable of driving directly“inno the respective mills
for loading and unloading. . " N E L

~ It is estimated that the total cost of tbis proposed
scheme would be_dﬁproximatéli $1,250,000. '

. ¢
o -
hY



3.

- etion ayetem uould be one directly controlledﬁand operated by-

COKCLUSIONS T

The evolutlon of Steelmaking operetlone ‘at the Hilton
works of the Steel Company of Canada Ltd., 4n H ilton,
Ontario, has created over the years problems of ansportetion
within the 1 050 acres property, problems which had to be

solved, more or less happily, in order to have a relatively i

. efficient and profitable Steel Plant.

-’

The .particular pﬂeblem, etudied in thie report, ia

the one that haa been’ created when, hecauae of space

'1imitetione, the lo. 2 Rod Hill had to be built gome 2 miléé"

away from Hilton Works, on the eouthern ehore of Hamilton Bay.

This problem is t.o t.ransport. t.he &teel billets produced in the

'f,where they are. rolled into rods of. various sizes.’ The present

be forwarded on an outeide railwey company trackage ‘and
thorefore precludee the uee-of Stelco equipment or pereonnel.
Thie reliance on an outside company, coupled to the neceasary

naintenance of trackage inside Stelco properties, reeult in a

L+] .

. No,. 3 Bloom and Billet Mill at-Hilton horkn to the No. 2 Rod Mili

‘solution is to trangport the billeto in railroad care which must

high operating coet for a vuinerable system. A betcer:transport-l

<

M

Stelco.

o
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5;’,coneLusxous (eontrd.) - - \

Since both milla are located close to a common ahbre,

.i,;the ehortest route would be a water route.‘ Along tha?e linea,.

atudiea have: already been made for Stelco by an outsaide

o, ngineering fir':n to prove the feasibili&o&‘ tranapor'ting

L3 -
™

@

‘the billets by barge. The latest of ‘vhese recommends the use

"of bargea, each capable of carrying ‘I railroad gondola cars
-loaded with billets. | B

The capital investment required ‘{n this scheme, 18 a very

“_large one becauae of the equipment required, e. g., locomotives, i

-

;;railroad’cars, tracka, bargea, tugs, docking: facilities, etc.
| ‘lAdded to thie financial dfawback, one muat also consider the

ex aaive handling, the loss of valuable land, the personnel
" requ ements as well aa the hypothetical relia:g}ity of the

ction underwa
-\\\

-hydraulic barge lifting mechanism that uould f

L~ : L
II;houever, one conaidera the new'scheme proposed in

' this 'thesis, namely the traneportation of.billets by self
't“propelled amphibious vehicles, one will appreciate the

"advantages that it’ possesses ‘over the b&rging system, namely:

- - ey
- N

1. Eiimination of expensiVejequipment like locomotives,
'gondola cara, tracks, etc,
2..'Ho'permanent»occupation of valuable land,

1

ter.

N\

R ]
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a

. tnanqurtation system.

CONCLUSIONS (cont'd.)
,3."Minimum number of ‘personnel. . ‘e
ya Versatility. . W f"'c',

A

101

On the basis of the foregoing feasibility study, it

is recommended that tbis original acheme of transporting

billeta by amphibious vehiclea be investigated further and

evéntually adopted as a replacement for the present railway =

-
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