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- ' Louis H. Shoemaker, Santa Monica, Calif; Secur-
o ity-First National Bank of Los Angeles, execn~ . -
~ tor of said Louls H. Shoemaker, deceased Vo
Application May 22, 1945, Serial No, 595,158 . R
.. My invention relates to.operating. mech_anism" . ends.of the lifting span will be uniform, in order
-for bridges of the vertical lift span.type, and-also - to .a,vqi_gi,ta.llup’y{ope:atio | in raising the span and
-‘to a method of -arranging the lifting. and lower- undesirable stresses in bringing the span back
-jnig cables and for assuring-proper functioning - into contact with:its supports. o
-of the mechanism. ./ s 5 . Another oblectof the invention is to compen-
- At the present time: vertical lift span pridges . sate in a novel manner for the varying load im-
are operated principaily by one or another.of two posed on the raising-and lowering machinery, by
- different arrangements. In one, the ‘operating . the changes in length . of ‘the cables attached to

-power is mounted on the lifting span, while: in the usual counterweights ‘used in this type of
~the other the operating power is mounted on the 10 lifting bridge: during the raising and lowering of
“towers at-each side of the lifting span. .. .. thespan. . . . .. . . s

- In the first case, the weight of the machinery .. A further object of the invention is to provide
-with house -and supports adds materially to:the " improved. means - for attaching the ends of the
- dead -load on-the lifting span and requires con- - - cables “to the. loads carried, said means being
- siderable increase of metal in the trusses. “The 15 adapted to. e application of known forces by
_power required to 1ift the span has, therefore, to means . of Jacks or the like for the “purpose of

be materially increased to provide for the addi- equalizing’ the load ‘between the ropes ‘of the

. tional load. If electric power is used, the cur-  cables. . A . \
“ rent has to be carried -onto the lifting span, .in- "~ A’ further object of the invention is to provide
- volving further complication.. - R 20_an improved type of ‘the horizontal longitudinally

- +In the second case, two sets of machinery must éxtending frame members in the towers to permit
be provided together with:the necessary appli-  counterweights of a more advantageous form {0
“ances for synchronizing the: movement of:the ‘be used and enabling the girders supporting the
_two ends of the span. In this type of operation  counterweight sheaves to be positioned on the
'glectxjic power .must be used, and the current car- 25 tops of the columns, thereby providing ‘an im-
~ried across the opening to the farther tower, It proved arfangement of the counterweight and its
i€ not possibie to use gasoline or Diesel engines:for supporting means. S e :
guxiliary power in case of accident as the engines “Still further objects and features of the inven-
cannot be accurately synchronized. . = .- -7 tion will appear in the following description taken
: It has also been proposed to provide means for 30 in conjunction with the accompanying drawings.
< raising -the lifting span by cables .opergteq!_,,by ' In the.drawings, - R no
 winding mechanism located on one to¥s% B2 28 Fig. 11s a side elevation showing a lifting span
5 Shore o of e Bidse aaiacent B WS riggs having sparaing e Sh b
.. of cables are employed connected to: the corners: 3s mn%gd;;:c@igda;g;ﬁing ;‘nlx;?;?on, le th
- of both ends of the bridge span, the lifting cables : in Figg ~1' &%ié g orating tower and :s::teof t%llé
. passing over sheaves srranged on the towers ad- d g d "fpt;ﬁ - lifbin, , '1; ] b
jacent -their points of attachment, ‘under the ~2¢joining end of the lifiing span, certain part
bridge and over corresponding sheaves on- the bEiFnig °ﬂ?:%§:$$;‘lt§é&ion'sh i e spe
-.opposite tower, resulting in a somewhat compli- 40 18,0 15- 4. DoAY A D pe-
: catedbarrangement involving the use of long runs = giiﬁ:ﬁ:ﬁ;::‘;‘;::;ﬂ: ‘éﬁﬁ%&iﬁ?ﬁifiﬁﬁrﬂg
" of cable. B T s - ME MEIDEes, Wikt oulat=
One object of my invention is to provide a novel - erweight in position; . . R
arrangement by means of which-the vertically - Fig. 4 is a plan of the top of the operating tower
. Jifting span cen be raised and lowered by POWer 45 showing_the arrangement of the operating-ma-
- located on or near one of the towers -at the ends Chinery; - o0 o men T
of the span and - utilizing a simple arrangement _ Fig. 5 is a front elevation of the parts shown in
" of cables, resulting in considerable reduction in Fig 45 oo o : i
dead weight and in improvement of operation. ©  Fig. 6 is a vertical section through the top of
" Another object of the invention is to provide a 5o the operating tower on line §—§, Fig. 4, showing -
. single pair of lifting cables and & single pair of ¢ the-method of connecting the winding drums and
. lowering cables effective to-raise -and lower both - counterweight sheave drives; - ;
_ ends of the lifting span. . . . Fig. 7 is a fragmentary detail view showing the
Another object of the invention is to provide - meansof connection of the cables to the counter-
‘means for insuring that the movement of the two' 56 . welghts;. R TN I IOTENTES




 thent of the lifting sp

3

Fig. 8 is a view of the parts shown in Fig. 7 as
seen from the right;

Fig. 9 is a fragmentary detai] through the end
of the lifting span showing the means of connect-
ing the cables of the counterweights to the cor-
ners of each end of the span;

Fig. .10 is a view. of the parts shown. in Fig. 9,
showing the parts as seen from the right; - -

Fig. 11 is a vertical section, with ¢erfain paris
omitted, taken near the longitudinal center line
of the towers, showing the location and method of

operation of auxiliary chain counterweights for

the main counterweight ropes; B .
Fig. 12 is a detail to a larger scals of the auxs -
iliary chain counterweights: . oL
Fig. 13 is a view of the parts shown in Fig, 12
as seen from the right; and 7 "t~ . - :
Fig. 14 is a detail view to a larger scale of-the
pull reversing sheaves- of the auxiliary counters
weights, ‘ o
_ Relerring now t6 Fig, 1, the ‘general afranse-
an will be seen to comprise

“two Vertical 1owers 15 and 1§ and a vertically

.ing machinery ‘
“lozation on or a3jdcent ong tower, but I prefer thet.

lifting scan 11 which- tay te raised by cables
betwesn (hs to )
ly held reztiny on fcotings 22 4nd 23. It will be
noted thattiae vinding'mechinery (8'is, a§ shown,

‘Inoun:ed on one towcr on.y. Obviousy the wind-

y ke pesitiofied at any desired

location indicatzd. Saeaves 18 ‘positioned on
each tower are for ihe purpose’ of suspending
counlerwe:ghts ‘20 - Preférabiy’ the counter-

“welglits subs:ant ally eqtal the total weight of the

vk

span go that te oniy power required is that nee--::

s

essary to overcomie friction of thé operating sys-
tem of sheaves and cables. “The span. is normal-
ly held down upon footings 22 and 23 by & low-
€ring cable as later deseribed. - - : S
- The tower i§ on which the winding drums are
arranged will hereinaftér be referred to as the
‘operating fower” and theother tower 15 will
be rélerred to as the “idley tower.”" 'The bridge

5Dan is 1ifted o raised by 4 cable 28 for each side

&t each énd thereof.

ating towerand are secured to-the’

Secured toward the top of the idler tower as in-’
dicated at 25 and passed under ‘shieavés 26 which
may conveniently be mounted at the upper cor-
Hers of the span, When constructed as illustrated,
_ The cables 24 pass under-
neath the sheaves 26-at the opposite end 6f the
span and extend upwardly to the top of the 6per-

21 mounted on the top thereof. ]
_ By mounting the windifiz ‘machinery on the.

* fower a minimum length of cable is fequired with

a consequent saving in asfociatéd parts such as
Sheaves, thus Teducing weight,-and also-reducing
to a minimum the frictional losses which arecon-
Siderable in wire-cables Working over sheaves.
The cables 28 uséd ‘for lowering the bridge are
Secured to-the idler tower towards the foot thefe-
of as indicated at 29, passed over sheavés 30 ‘con-

“veniently arranged-at the same approximate lo-

Ccation s the lifting sheaves, ‘carried across the -

bridge and over sheaves 30 at the opposite ‘end

“tirereof; ‘taken down' to “pass under sheaves 81,

and  carried upwardly for attachment ' to - the

“Wwinding -drum 27, the ‘cables béing 1aig areund

the wirding drum 56 that ‘a-the lifting cable 24 .

*15 taken in the lowering ‘cable is playéd out.and

Is provided for each side-of thebiidee spaih. -

vice versa. One lifting ‘and ‘one-lowering eable

‘Cables Tor raising gnd lowering ‘thelifting span
of bridges are usually doubled for safety reasens,-

2,482,562
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wers, tlotgh the b.idge is norinal-

45

60

4
but for convenience I have described the use of
single control cables.

The main counterweight cables 32 are attached
to the upper corners of the overhead structure
of the lifting span at each end thereof.

It will be obvious that as the lifting cables are
~wound on the drum the lifting span wiil be ver-
- fiedlly: ralsed but it is'pessiblé for one end of the
btideé, Ustally that aWay from the operating

tower, to lag the other unless means are taken
" to insure that both ends of the bridge move up-
‘wardly at the same speed. For this purpose I
provide means for connecting the counterweight
_shedve to the bridse winding drum to insure that
“the couriterweight in the operating tower moves
it & coordindted speed to that of the winding
- frutd. - This-drrangement effects the desired pur-
Dose of causing equal movement of both ends of
- thé span. )

Figs. 4 and 6 show the operating means for the
‘witiding druihs for each: side of the lifting ‘span
-and the ‘dfive contection between the counter-

weight sheaves and the winding drums: Electric
motors 38, of the réversible type or fitted with a
reverse gear, act through change speed gearing
34, drive- the din- drive shaft 35, ‘'which is ar-
ranged to diive the winding drums 27 on the op-~
‘erating- tower- through spur gears 36 and large
~&ears 87 mounted on. the ¥im of each drum. A
“ehain drive .88 at each end of shaft 85 drives a
countershafi .39 earrying a. spur gear 40, This
“latier “gear drives ‘counterweight - 'sheave 18
‘through the ihedium of sear 42 thereon. The
gears are 30 propéitioned as to effectively drive
“the cablés bassiig over the drums 21 at twice the
‘speed -0f the:@ables: passing over the counter-
Welght sheaves 19:: It is:icontemplated,.of course,
“that fovemeént of thé dounterweight. be coordi-
“finted With the moverment of the lifting span and
hence the ratio or télative speed of the winding
- drums ahd eouniterweight: sheaves would vary for
- different -systems. of ~stringing. the lifting. lines.
~It would alse' vary with' different diameters of
- Wwinding drums and cointerweight sheaves.
“While: various arrangements 1ay -be provided
of the relative positions of the sheaves for the
~counterweights and:for the raising and lowering
“drums of the-liffing sban, that preferred by me
and illustrated: i detail in Figs. 4, 5 and 6, -com-~
50/ prises- bearifigs: 44 for the shafts of the winding

-drums- 27 moutited on a built-up bearing bloek

4% also eafrying bearings 47. for the. main drive

-Shatt 85. The'bearings 48 fot the counterweight

- BHeave Bhafts are carried on: girders 49 extend-
55 g acress the toprof the towet, the outside girder
- ‘eah! Side: being supporied. on the tops of the
“ertical coluthns at the front and rear corners of
the towers 4t that:side, ds permitted by the extra,
Width of the countsrweizht provided by my con-

“istrvictiott thereof. - S Lol
-+ ‘Figl-3 s$hews in-detail the arrangement of the
longitudinal horizontal structural members 50
~Pracing the towers.which: are arfanged to enable
: of counterweight to-be used which permits
- various. advantages t6 be secured in the con-
= Struction of the-tower., It will be seen that the

“WidtH of the longitudinally . extending bracing

-members toward the front of the tower is con-

cavely inélined at 52 toward the-eounterweight 20
70 to enable. s counterweight Yo be used which is

~substantially the full ‘Wwidth. of the ‘tower, thus

“endbling the . counterweight Sheaves to be: sup~

borted as above described. AM diggonil bracing

of the Kides of the t

15

20

1y

4

vl tower is positioned on. the
75-outer 1865 oy WHd 6 Provide additional -sbiff-
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- figgs to compensate for the reduction in; width
- of the longitudinally extending bracing; 1 provide
~horizontal struts 9s and 53a -and eross braces 54,
. The single sets of cables 32. for -the counter-
weights at each end of the span have ;
" the weight of the span, and therefore. their weight
is very considerable. - 1n the.lowered position of
the span the weight of the ‘cables is carried on
. the span side of the towers, thereby increasing the

weight to be lifted by.the winding engines, where-:

as in the raised position of -the span the weight
-.of the cables is suspended from the counterweight
.sheave- on the opposite side, thereby. decreasing
. -the.weight to be lifted. ~The. increase:in the ef-
fective weight of the
increasingly -rapid
.guarded -againsf. . .. ..
- -A-feature of my. invention:
-for the varying load caused by

lifting of .the. span. unless
15 to_compensate
the counterweight

cables by the provision of a short length of chain 2

-§8, serving as.an auxiliary counterweight, which,
instead of being lowered between. extreme high
-and low positions, -of the. counterweight as in
- known constructions, is moved through only one-

_fourth this distance and at the fully raised posi--

“tion of the lifting span is in fully raised position.
The construction and operation of the auxiliary
counterwelghts is shown in Figs. 11, 12,13 and
14, The weight of chain 85 is nearly as possible
equal to the total weight of
over the sheaves from the lifting span. The chain
is attached to a top member of the lifting span
by means of a cable 56 passing over a sheaye 51
supported on the towers and over a second sheave
58 enabling the chain to hang downwardly with
the bottom link supported on. an-abutment 59
arranged at a point .one-quarter of the distance
traveled by the main counterweight. between its
raised position and its lowered position, . -

At a point exactly midway of the travel -of
the lifting span of the bridge two sheaves- 60, 61
are arranged in vertical relation and -are spaced
apart as closely as is possible while permitting

.travel between them of the: cable supporting.the

guxiliary counterweight chain. The upper por-:

tion of the vertical run of the chain supporting
cable passes around the tower side of. the upper
sheave, .then passes between the sheaves, and

continues -over the opposite..side. of the lower

sheave. to its point of -connection to the lifting.

span; The result of this arrangement is- that
. during the raising of the lifting ‘span, the top
of the chain is lowered, thus continuously reduc-
ing the weight. of the chain suspended by the

cable as more and more of the chaln is suspended ;

- from the abutment, until the point of attachment
‘of the chain to the lifting span reaches the level
ot which the cable passes between the vertically
.arranged sheaves, at which time the weight of
the auxiliary chain counterweight is wholly sus-
-pended from the abutment exactly compensating
for the increased weight of the counterweight
.cable in the tower.- As the point of attachment
‘of the cable of the auxiliary counterweight passes

the vertically arranged sheaves, the upper sheave:!

acts to transmit a pull fo the cable which acts
against the lifting power and again raises the
end of the chain or auxiliary - counterweight so
-that in the fully raised position.of the vertically

-lifting span the chain is suspended by its attach-:

_ing cable from the lifting span,’ thus: the extra
weight added to the counterweight by the.coun-
terweight cables is counterbalanced at all:times.

To provide a chain which ‘will function satis-

factorfly I construct it of .a ‘plurality. of - short.

to carry half -

counterweight tends to cause-

the wire cables passing.

30:

50

55

60 .

65

75

the -sockets of .a higher tier.

‘6
_rectangular.séctions 64 of cast-iron.or other suit-
.able.material, as shown in detail in Figs.-12 and
13. These sections have rounded ends:65: to en-
able them to:move relatively to ‘one another, and
‘are .connected by pins. 68 passing through side
links 61 which are of similar form to the sections
64 except that they-are each. of half the thickness
of the sections. The last upper link is connected
to the cable 56, which is preferably double, while

the-lowest link is connected. to spacing.members
-68 pivoted in bearings on the abutment §3-and

length. of chain clear of. the
it may be lowered. by- cable

.acting- to- hold :the
.. abutment- so- that .

_59..link by link until whoily -supported.on the

abutment. -

.. A-still further feature of the: invention is the

-provision of novel ‘attaching means for the ends

_of the cables. . .It has previously been necessary
.to spread the ends of.a set of cables raising heavy

‘loads -over sheaves and this has; resulted in-a

. somewhat: cumbersome arrangement of anchoring

means. -In order to economize space in the an-
- choring of -a number of cable ends, I arrange.the
_cable ends in sockets T0 (Figs. 7 and 8) of square

: cross-section of relatively small size and provide

abutments for these sockets arranged in vertical
-tiers, the cables: attached to a tier passing between
By this meansa
~large number of cable ends can be secured:to a
smaller. area of anchor plate and cccupy a smaller
volume than has been possible by previous prac-
tice. -

. Preferably the sockets -are provided: with. eyes
-10a. A pin may be passed through two -opposite
eyes and the end of a. Jever, fulcrumed against
the structure, may be passed over the pin, a hy-
draulic jack being used bearing against. the free
end of the lever to stress the cables.to.their proper
_load, any slack being taken up by. shims inserted
“between the sockets and their abutment.
. Figs.'T7and 8 show the connection of the coun-
.terweight cables 82 to the. counterweights . 20
which are formed about a structural frame:to
_which .lengths: of -angle material 12 are riveted
and which project from the upper surface of the
-counterweight toward each end thereof. Plates 13
are secured to the flanges of the angle material
and to a heavy strap 14 extending vertically. from

_the outside edge of:the counterweight and se-

cured. to its structure and lengths of I beam: 15
_are arranged to extend between the plates 13 and
“are secured thereto by angles. Plates T6 of heavy
gauge are welded to the lower surface of the bot-
tom flange of the I beams to provide abutments
for the upper surfaces of the square sockets 10.
The cables 32 are positioned in slots formed in
.the plates and I beams. Sixteen cable ends are
_shown arranged in-two tiers with half the cable
ends on one side of the webbs of the I beams and
half on the opposite side. : It will be noted that
_the construction described provides a very. com-
pact cable end anchoring assembly. .. o

“Figs. 9 and 10 show the right hand half of an

~grrangement -for connecting the counterweight

cable ends to the end of the lifting span. .An I
beam 80 is arranged to extend across the ends of
-the span superstructure to which it is secured,
and special castings 82 are bolted to. the front
and back of the webb at each side of the bridge.
The casting 82 is formed to provide channels for
‘the cables and flanges against which bear the
-square section cable end fittings.. The cable ends
at each side of the bridge are arranged in-tiers
.and to the back and front of the carrying beam
;as in the construction shown in Figs. 7 and 8, .-
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- T6-will be evident that T have provided & verti-

~cal Hitlng span bridge in which: the Ufting and

-operating means are simple, effevtive, and eto-

~pomitsl to construct axid: operate; NGWever, vari-
bus modifications of the described arraneements
may be made without departing from the soope
-of the invention as indicated: by the appended
tinims, ) -

Telam: - . .

1. A vertienl lifting span bridge Ineludingy an
Operating tower; an idler tower; & verttonl lift
Span arranged for upward and-downward move-
‘ment ‘between said towers; sheaves mounted: on

-Suid- towers: ab each side theveof; bearing mem-
bers for said sheaves, one of said bearing mem-
‘bers at esch side being in the plane of & side of
-Yhe' tower -and near a vertical column’ thereof;
“horivontal longitudinally extending tower brae-
ing members reduced in width in g part-of their

length; additionnl horizontal internal tower brae- . -

“ing members: compensating for the ‘reduced width
of said longitudinelly extending: members) diag-
onally arranged tower cross ‘Dracing members

-arranged on the exterior of said tower: g toun-
‘terweight extending across substantially ‘the full
width- of the tower interior in the spaté provided
by the reduetion in width of the: longitudinally
extending’ bracing members; eables secured to
said cournterweight passed over said: sheaves and
secured. to said lifting span; lifting table means
secured at-ohe end to the idler tower; lowering
cable means secured at one end to the idler tower;
sheaves mounted on the vertical lift span around
which: the lifting and lowering eable teans are
Dagsed;: cable winding means loosted: off the 1ith-
Ing span adjacent one end only thereof ; sheaves

‘mounted on the operating tower below the level
of the sheaves on said lifting span when said span
18'In lowered position and: around which: the low-
ering cables are passed from the lifting span and
led to the winding means, said lifting and lower-
ing cables being secured to said winding means:-so
that operation of said winding means: acts, se-
cording to the direction of rotation thereot, to
raise orlower said span,

2. A vertical lifting span bridge including: &n
operating tower; an idler tower; b-vertieal litt
spanh arranged for upward and downward move-
ment’ between said towers; sheaves mounited on
said towers; bearing members for suid sheaves,
‘one of sald Bearing méambers gt each: side being
itrthe plane of a'side of the tower and tiear 4 ver.-
tieal  column thereof: horizontal longitudinaily
extending tower bracing members reduced fh
width:in a part-of their length: additional hori-
Zontal internal tower bracing members compen-
sating' for the reduced witith of said: longitudi-
nally extending members: diagonally’ arrarigsd
tower cross bracing ‘merabers arranhged on the
exterior of sald tower; a counterweisht extond-
ing across' substantially the full width of the
tower interior in the space provided: by the rediio-
tion i width of ‘the longitudinglly: extending
bracing members; and cables: secured. to said
counterwelight passed over said shesves and se-
eured to said lifting span.

3. A vertical lifting span bridge: inecluditie : ah
‘operating tower; an idler tower; a. vertleal 1ft
span: arranged for upward and downward move-
Ment -between said towers; counterweight sheaves
mounted.on: said towers; cables attached to said
litting span and. extending over: satd sheaves;
counterweights. suspended in: said towers: from
sald cables; auxiliary counterweight. shegves
mounted on:said towers; asuxiliary counterweight:

- WuRiliary -sounterwelghts of

15°

8
S SUDDOrting Gebles running over swid auxiiary
- counterweliht sheaves and attached to #aid shan;
vhriable effective
- welght susgended in 3aid towers frotn the cables
TUnning over  said auxiliaty counterweight
-Ehesves and: dormprising a plusality of tonnected
‘bodies for ecoutiterbalancing the welght of the
counterwelght' oables; means for changing the
‘dirention- of ‘Mmovernent of the auxilia¥y counter-
welght supporting: cables turing ohe-half of the
“upward or downward movement of said span; an
- abutment arranged on each of the towers to
-engage  with: the lowerfiost of $aid connected
“bodies of sald auxillary counterweights; cable
mesny attauched to the idler tower for raising and

- -lowering sdid:$pan; sheaves mounted an the lift-

ing span; sheave means mounted o 3aid operat-

- -Ing tower below the lavel of the theaves on said

30

£
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80
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lifting span when said span iy in lowerdd
* position: of ‘the lifting span; and eable winding
- means lovated off the lifting span: adjacsnt one
“end only thereof, suid cable means being passed
“from the points: of attachment to: the: idler tower
around the alieaves on the lifting &pat and around
“the'sheavs meand mounted o the operating tower
therebelow and engaged with said: Winding means,
.80 that operation: of said winding means aets,
‘adcording o' the: direstion: of rotation therest, to
raise or lower the lifting span,
4. A vertieal Hiting span bridge Including: an
operating towet) an idler tower! & vertical Lft
spen-arranged for upward and downward move-
ment hetween anid towers; counterwelght sheaves
‘molnted on sald towers: cables attached to said
Hfting span and extending over said - sheaves;
Counterweights'suspended in said towers from said
“eabless auxiliary counterweight sheaves: motnted
on-sald towers; auxiliary dounterweight support-
ing cabley running over &id suxiliary counter-
weight: sheaves and attached to said 1ifting span;
Auxiliary: eounterwelghts of variable effective
welght suspended in said towets. frem the cablés
runhing over satd auxilisry counterwelohit shesves
And comprising: s plurality of connected bodies;
menns Ior chngirg the direction of movemert of
_the: auxiliary coutiterweight supporting ctblés
“durihg-one-half of the upward or downward move.
ment of Saiq span; means to vary the weight of
said auxiliary eounterweight sicting through its
- supporting cable on sala lifting span: cable meatis
attacled to'the iajer tower Tor raising s6d Iower-
Ing eaid span;’ sheaves mounited on the lifting
Span; sheave means mounted oh said obaratitig
_tower below the level of the sheaves on suld lift.
“INg SpAN whett sald span is 1o lowered position:
-and cable winding means located off the lifting
Apan’ Rdjacent one end only thereof, suid cable
Teans being pusssd from the. points of atiach-
ment. to° the' ialer tower around the sheaves on
the lfting sban and sround the sheave meais
inounted: on' the: operating tower therebelow avid
-enguged With sald winding mesns, so that op-
‘eration of said wihaltie meany dcts, acGeorditig
‘to-the airection of rotation thereof, to raise or
lower the HEting span; ' :
8. A.vertiear lifting: span bridge incliiding: an
-operating. tower; an 1dler tower: o vertical lift
‘#pan arranged for upward and downward move-
meny between: satd towers: cabls means attached
to-the dler tower for raising and lowering said
Span; sheaves mounted onthe litting span; shedve
Means motinted. o suid opsrating tower bélow
the level of the sheaves on said Hiting span when
saia span s in lowered' pofition; esble Winding
‘mskng lockted off the lifting spah adjacent ofie
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end:only-thereof; said- cab__lez means Jeing-passed
from: the peints: of -attachmentrto the: idler-tower:

around-the sheaves. and:- sheave: Means and: eB~

gaged with-said winding means, sO that epera-

tion of -said winding: means: aeis; according to the:

direction:.of setation thereaf, ta raise or-lOWer the.
lifting span:;;: counterweisht: sheaves. o saic: toW=
ers; ‘main.- counterweight; cables attached: te the
lifting. span and passing over: said
sheaves; mairmr counterweights. suspended:. from-
said - counterweight. cableas and nieans; connecting
the- eable: winding means:
weight sheaves to-insure &: desired: ratia. of <yeka
tive speed of rotation ofsaid winding means and:
counterweight- sheaves; to: effect. level: raisingy -ef
said vertieal lifting spatr. : : L

6. A vertieallifting &gm:.mdgeincm@mg;{mn

operating tower;-am: idlep- tower; a vertical lft
span arranged for upward and downward move-

ment between ‘§aid; towers; & Hait’ of lifting cable
means secured af one end. to the idler tower for

raising each side of the span; a pair of lawering.

cables means secured at one end to the idler tower
for lowering each.side o the span; sheéaves mount-
ed on the vertical 1ift span.around which: the.
lifting and lewering cable means. are-passed; eable
winding means located on.the. gperating. tower;
sheaves mounted on ‘tHe operating tower below
the level.of the sheaves on said Liffing span: when
said span is in lowered position.and around. which
the Iowering cables are passed from the 1ifting
span and led to the cable winding means, said
lifting and lowering cables being secured to said
winding means so that operation of said winding
means acts, according to the direction of rota-
tion thereof, to raise or lower said span; counter-
weight sheaves on said towers; main counter-
weight cables attached to the lifting span and
passing over said counterweight sheaves; main

counterweights suspended irom said counter- s,

weight cables; and means connecting the cable
winding means on the operating tower and the
counterweight sheaves thereon to insure a de-
sived ratio of relative speed of rotation of said
winding means and counterweight sheaves to
effect level raising of said vertical lifting span.

7. A vertical lifting span bridge including: an
operating tower; an idler tower; a vertical lift
span arranged for upward and downward move-
ment between said towers; counterweight sheaves
mounted on said towers; cables attached to said
lifting span and extending over said sheaves;
counterweights suspended in said towers from
said cables; auxiliary counterweight sheaves
mounted on said towers; aquxiliary counter=-
weight supporting cables running over said
auxiliary counterweight sheaves and attached to
said lifting span; auxiliary counterweights sus-
pended in said towers from the cables running
over said auxiliary counterweight sheaves and
comprising a plurality of connected bodies for
counterbalancing the weight of the counterweight
cables; means for changing the direction of
movement of the auxiliary counterweight sup-
porting cables during one-half of the upward or
downward movement of said span; an abutment
arranged on each of the towers to engage with
the lowermost of said connected bodies of said
guxiliary counterweight; lifting cable means at-
tached to the idler tower for raising and lowering
said span; sheaves mounted on the lifting span;
sheave means on said operating tower below the
level of the sheaves on the lifting span when
said span is in lowered position; cable winding
means located on said operating tower; said lift-

counterweighti:

and eertaim. covgters.

. Operating. tower;. an:-idler. tower;.

~ 10
ing -cable means-heing; passed from the points:
of -attachment: to. the- idler,-tower- around the:
sheaves.on:said liftingspan-an said sheave means.
on- said operating: tower and.engaged with said-
winding meams, so-that-operation of said ‘wind-
ing: means; acts,, aceording-te the .direction of ro-
tation. thereof, to.raise orlewer the lifting span;
and: means: conneeting the.cable winding means.
om:the eperating. tower and- the. counterweight

.. sheaves. thereon. to: ;i:ﬁsurea;desired ratio. of rela~

tive- speed. of rotation. of-said-winding: means.and.

counterweights: to. effectlevel raising of: said- ver—
tical HEting Spam. - <o . oo U >

8., A vertical _uﬁf,ing-»f-spanj~bridge-;includ-ing:_ an.

- fowe: --idle! er; a. vertical Lft

span arranged-fox. upward: and-downward move=

" ment.between.said:towers; cable means.attached

4
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- said lifting span

- to the idler tower for

to the idler tower for raising.and.lowering said.-
span;. . sheaves: mounted -on, the lifting span;

. sheave: means mounted on said:»—opeitating-_, tower:
below the:level.of the. sk eaves-on the lifting span..

when..said span. is in lowered position of the lift~
ing.span; cable winding means located-on the.
operating tower, said cable. means. being, passed.
from the poinfs of: attachment to. the idler tower,
around, the sheaves. and sheave neans. and en-

gaged: with said winding means, so that operation. -
of said winding meaps acts, according to the di-
rection of rotation thereof, to raise or lower the.

‘lifting span; counterweight. shesves on said tow-,

ers; main counterweight “eables attached to the
1ifting span and passing over said sheaves; main
counterweights suspended from said counter-
weight cables; shelf-like abutments arranged on
and said counterweight; rectan-
gular sockets in which said main counterweight
cable ends are secured, said rectangular sockets
being arranged in close proximity to one another
to. engage ‘the undersurface of said abutments;
and means connecting the cable winding means
on the operating tower and the counterweight
sheaves thereon to insure a desired ratio of rela-
tive speed of rotation of said winding means and
counterweight to effect level raising of said verti-
cal lifting span. )

9. A vertical lifting span bridge including: an
operating tower; an idler tower; a vertical lift
span arranged for upward and downward move-
ment between said towers; cable means attached
: raising and lowering said
span; sheaves mounted on the lifting span;
sheave means mounted on said operating tower
below the level of the sheaves on the lifting span
when said spanisin lowered position; cable wind-

. ing means located off the lifting span adjacent

one end only thereof, said cable means being
passed from the points of attachment to the idler
tower around the sheaves and sheave means and
engaged with said winding means, so that oper-
ation of said winding means acts, according to
the direction of rotation thereof, to raise or lower
the lifting span; counterweight sheaves on said
towers; main counterweight cables attached to
the lifting span and passing over said counter-
weight. sheaves; main counterweights suspended
from said counterweight “cables; and means for
insuring equal rate of movement of the ends of
the lifting span comprising a mechanical drive
means connecting said cable winding means and
said counterweight sheaves. ,

10. In a vertical lifting span bridge, an oper-
ating tower; an idler tower; a vertical lift span
arranged for upward and downward movement
between said towers; counterweight sheaves
mounted on said towers; cables attached to said
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lifting span:and extending over said sheaves; °

counterwéights suspended in said towers from
said- cables; " auxiliary counterweight sheaves

mounted on said towers; auxiliary, counterweight .

supporting " cables running over:said auxiliary
counterweight sheaves and attached to said span;
auxiliary counterweights of variable effective
weight suspended in said towers“from said auxil-
iary counterweight supporting cables, said auxil-
iary counterweights each comprising an elongat-
ed flexible meémber; means in the ‘towers for sup-
porting said auxiliary counterweights at the ends
thereof opposite to the ends supported by the
auxiliary ' counterweight supporting cables; and
means for changing the directioh of movement of
the auxiliary counterweight supporting  cables
during one-half of the upward or downward
movement of said span. '

11, A bridge as défined in claim 10 in which
the means for changing the direction of move-
ment of the auxiliary counterweight supporting

cables diring one-half of the upward or down--

ward movement of said span ‘comprises a pair
of sheaves for each of said auxiliary counter-
weight supporting cabies mounted on said towers
at a point halfway between the uppermost and
lowermost, positions of said span, said auxiliary
counterweight supporting cables. running from
said span ‘between said pairs of sheaves to said
auxiliary counterweight sheaves. -

10

.20

12

12.'In a vertical lifting span bridge, an oper-
ating tower; an idler tower; a vertical lift span
arranged for upward and downward movement
between said towers; counterweight sheaves on
sald towers; counterweight cables passing over
said sheaves and attached to the lifting span;
counterweight suspended in said towers from said
counterewight cables; cable and sheave means
mounted on said towers and said lifting span for
effecting raising and lowering of said span; and
means for insuring equal rate of movement of
the ends of the lifting Span comprising a driving
connection between said cable and sheave means
for raising and -lowering the span and said coun-
terweight sheaves for driving said counterweight
sheaves at a desired speed of rotation relative to
the speed of said sheave and cable means.
LOUIS H. SHOEMAKER.
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