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1. 

2,959,411 
SHOCK ABSORBNG LINKAGE MECHANISM 

Louis G. Kaplan, Evanston, Ill., assignor to Cullen 
Elt Company, Chicago, Ill., a corporation of 

OS 

Filed Dec. 23, 1957, Ser. No. 704,385 
1. Claim. (CI. 267-71) 

The present invention relates to lifters for use in han 
dling and moving or transporting metallic sheets and like 
articles from place to place. The invention is particularly 
concerned with lifters of the type which are adapted to 
be hoisted and moved from one place to another by a 
crane or overhead hoist. A lifter of this character has 
as its principal components or parts: (1) a supporting 
element having means thereon whereby it may be at 
tached to a hook or other connecting device on the oper 
ating end of a crane or a hoist with which the lifter is to 
be used; (2) a pair of opposed horizontally elongated, 
complemental jaws which are pivotally connected to the 
Supporting elements so that they are capable of swinging 
toward and away from each other into and out of engage 
ment with the side margins of the sheets or other articles 
to be lifted; (3) a reversible electric motor which is 
mounted on the supporting element; and (4) a train of 
motor actuated gearing which is associated with, and 
carried by, the supporting element, operates when driven 
in one direction to shift the jaws apart and when driven 
in the opposite direction to move the jaws toward each 
other into gripping relation with the sheets or other arti 
cles and includes a speed reducing unit operatively con 
nected between the drive shaft of the motor and a hori 
Zontal rock shaft positioned under the supporting element 
and operatively connected through linkage mechanism to 
the jaws. A lifter of this character has been shown and 
idescribed in the United States patent to Hooker No. 
2,695,809, dated November 30, 1954, and entitled “Lift 
er,” and the present invention is designed as an improve 
ment over such a lifter construction. 

In the above-mentioned patent to Hooker there has 
been disclosed a lost motion linkage mechanism which 
extends between the jaw-actuating rock-shaft and one of 
the two cooperating jaws, the lost motion mechanism 
being provided with a take-up spring which is adapted to 
become compressed when the two jaws are brought into 
engagement with the side margins of the sheets or other 
articles which are to be lifted or when either jaw is sub 
jected to shock or impact tending to limit its inward 
swinging motion. The take-up spring associated with the 
lost motion linkage mechanism shown and described in 
the above-mentioned Hooker patent serves normally to 
take up lost motion in one direction only and thus the 
lost motion connection is effective to assimilate shock 
only when there is an impact tending to limit the inward 
swinging motion of the jaws. In the event of an impact 
tending to limit the outward swinging motion of the 
jaws, the lost motion connection is rigid and thus no pro 
tection against shock is offered to either the speed reduc 
ing unit or the electric motor which drives the same. Such 
shock may be the result of the jaws becoming wedged be 
tween two adjacent objects during their outward Swing 
ing motion, or it may be the result of inadvertent contact 
between the outer surface of one of the jaws and an adja 
cent object, either during outward Swinging movement 
of the jaw or during transportation of the unloaded lifter 
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assembly by the hoist mechanism from one location to 
another. 

It is among the principal objects of the present inven 
tion to provide a lifter of the type briefly outlined above 
and shown in the above-mentioned patent to Hooker in 
which the actuating rock-shaft for the lifter jaws is oper 
atively connected to one of the jaws by one or more 
double-acting spring-biased lost motion linkage mecha 
nisms capable of absorbing any sudden shock which may 
be applied to the lifter jaws from the outside or from the 
inside of the jaw structure during outward or inward 
Swinging movements of the jaws respectively, and also 
capable of absorbing shock which may be encountered by 
the jaws during transportation of the lifter when the jaws 
are empty, whether the shock be occasioned by an inside 
or an outside blow on the lifter jaws. 

Other objects and advantages of the invention, not at 
this time enumerated, will become more readily apparent 
as the nature of the invention is better understood. 

In the accompanying two sheets of drawings forming a . 
part of this specification a preferred embodiment of the 
invention has been shown. 

In these drawings: 
Fig. 1 is a fragmentary vertical sectional view taken 

through a lifter assembly in the vicinity of the power actu 
ated gear driving mechanism therefor and showing in 
proved linkage mechanism of the present invention opera 
tively applied thereto; 

Fig. 2 is a side elevational view of a link assembly em 
ployed in connection with the present invention; 

Fig. 3 is a sectional view taken substantially along the 
line 3-3 of Fig. 1; 

Fig. 4 is a sectional view similar to Fig. 3 showing the 
link assembly in an extended position; 

Fig. 5 is a sectional view similar to Figs. 3 and 4 show 
ing the link assembly in a contracted position; - 

Fig. 6 is a sectional view taken substantially along the 
line 6-6 of Fig. 3; and 

Fig. 7 is a circuit diagram for the electric motor associ 
ated with the lifter and illustrating certain safety features 
employed in connection with the invention. 

Referring now to the drawings in detail and in par 
ticular to Fig. 1, the improved linkage mechanism of the 
present invention is shown as being operatively applied 
to a lifter of the general type shown and described in the 
above-mentioned patent to Hooker, No. 2,695,809. Only 
such portions of the lifter assembly as are pertinent to 
the operation of the linkage mechanism have been illus 
trated herein and for a detailed description of the entire 
mechanism and its mode of operation, reference may be 
had to this patent. The lifter involves in its general or 
ganization an elongated supporting element i0, a pair of 
jaw assemblies 11 and 2, a reversible electric motor 14, 
and a power train 16 extending between the motor and 
jaws for conjointly shifting the latter toward and away 
from each other in response to operation of the motor. 
The supporting element 10 is in the form of a hori 

Zontally extending I-beam having horizontal top and 
bottom flanges 18 and 19, respectively, connected together 
by a vertically extending web 20. At suitable spaced 
points along the I-beam 10 there are provided a series 
of spaced attachment or pivot lugs, only one of which 
has been disclosed herein and designated at 22. Each 
lug 22 has pivotally connected thereto on opposite sides 
thereof one of the pairs of jaw assemblies 11 and 12, each 
jaw assembly being attached to the lug by means of a 
pivot pin 24. The pivot lugs 22 fit between the top and 
bottom flanges 18 and 19 of the supporting element 10 
and are welded as at 26 in position thereon. The two 
jaw assemblies 11 and 12 are substantially identical in 
construction and each is in the form of a composite 
assembly including an upper or proximate jaw section 28 
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and a lower or distal jaw section 30 hingedly connected 
as at 31 to the upper section. 
The upper jaw section 23 has its upper end region 

curved inwardly and the section is comprised of a pair 
of laterally spaced flat metal bars 32 and 34 (see also 
Figs. 3, 4 and 5). The upper ends of the bars 32 and 
34 straddle the pivot lug 22 and the pivot pin 24 extends 
through the three thicknesses of metal involved. The 
lower section 30 is in the form of a single flat metal bar 
36, the upper region of which projects between the bars 
32 and 34, with the hinge pin 31 extending through the 
three metal thicknesses. The extreme upper end region 
of the bar 36 is in the form of a toothed sector 38 capable 
of swinging movement between the bars 32 and 34 of the 
upper jaw section 28 and capable of being locked in any 
desired angular position of adjustment by means of a 
lock bar 40 which passes through a pair of slots 44 pro 
vided in the bars 32 and 34 and which is capable of being 
selectively received in a series of notches 46 formed on 
the periphery of the sector 38. The lock bar and sector 
arrangement just described provides a convenient means 
whereby the angular position of the lower jaw section 30 
may be adjusted relative to the upper jaw section 28 to 
decrease or increase the effective span of the two jaws 
to adapt the jaws to articles of varying width. The lower 
jaw section 33 of each jaw assembly 11 or 2, as the case 
may be, are cross-connected by means of horizontally 
extending box-section type members 49, the ends of which 
are welded or otherwise secured fixedly to the central 
regions of the flat bars 36. The lower ends of the lower 
jaw sections 30 carry opposed angle bar gripping mem 
bers 50. The electric motor 14 by means of which the 
jaws 1 and 2 are actuated is preferably of the reversible 
series wound direct current type. The motor includes 
a casing 5 having a mounting flange 52 secured by bolts 
54 to the underneath side of the horizontal lower flange 
19 of the supporting element 0. The motor has opera 
tively associated therewith a gear reduction mechanism 
56 having an output shaft 53 carrying a pinion 60 con 
stituting one element of the previously mentioned power 
train 6. 
The power train 6 which extends between the output 

shaft 58 of the gear reduction device 56 and the jaws 
11 and 42 is comprised of a set of gearing including the 
pinion 60 and a linkage mechanism, the latter constitut 
ing one of the important features of the present inven 
tion. The gearing, in addition to the pinion 60, com 
prises a gear segment 62 which meshes with the pinion 60. 
The gear segment 62 is keyed or otherwise secured to a 
rock-shaft 64 suitably mounted in bearings 66 provided 
on a bracket 63 which depends from the underneath 
side of the flange 9 associated with the supporting ele 
ment 0. Also keyed or otherwise secured to the rock 
shaft 64 are a pair of bifurcated crank arms 70 and 72 
which extend radially outwardly from the rock-shaft 64 
generally in opposite directions. The distal end of the 
crank arm 79 is pivotally connected as at 74 to one end 
of a thrust link 76, the other end of the link 76 being 
pivotally connected as at 78 to a medial region of the 
upper jaw section 28 of the jaw 2. The distal end of 
the crank arim 72 is pivotally connected by a horizontal 
pivot pin 80 to one end of a spring biased lost motion 
link assembly designated in its entirety at 82, the other 
end of the link assembly 82 being pivotally connected by 
a horizontal pivot pin 84 to a medial region of the upper 
jaw section 28 of the jaw 1. 
The arrangement of parts thus far described, with the 

exception of the specific character of the link assembly 82, 
is purely conventioia and no claim is made herein to 
ally novelty associated with the same. For a more de 
tailed description of the motor 4, gear reduction device 
56, the specific mounting means for the motor and its 
gear reduction device and other mechanism which may 
be associated with the lifter assembly and which is not 
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4. 
to the above-mentioned Hooker patent for a full disclosure 
of these details. The invention of the present application 
resides rather in the novel construction and arrangement 
of parts associated with the spring biased lost motion 
link assembly 82 which will now be described in detail 
and its operation subsequently set forth. 
The link assembly 82 involves in its general organiza 

tion four relatively movable parts or assemblies, together 
with a preload compression spring which serves to main 
tain these assemblies in a normal or intermediate posi 
tion when the link assembly 82 as a whole is in its free 
state, or when compressional or tensional forces below 
a predetermined minimum are applied to the ends of the 
assembly. The compression spring by means of which 
these four parts or assemblies are normally held in their 
neutral or inoperative position is designated in its en 
tirety at 86. 
The four parts or assemblies set forth above include 

an inner link member 100, an outer encompassing link 
member 102, a slide member 104, and thrust collar 106. 
The inner link member is of a composite nature and com 
prises a cylindrical rod i08, one end of which is threaded 
as at 110 and is threadedly received in a threaded bore 
12 of a Socket member 114. One end of the socket 
member 114 is welded as at 16 to a sleeve 8 which, 
in combination with the pivot pin 84, provides the pivotal 
connection whereby one end of the link assembly is 
connected to the members 32 and 34 of the upper jaw 
section 28 of the jaw 1. The outer link member 102 
may be in the form of a casting providing a pair of paral 
lel flat bar-like arms 20, the right hand ends of which, 
as viewed in Figs. 2, 3, 4 and 5, are connected together 
by a sleeve portion 122 which surrounds and is slidable 
on the Socket portion 14 of the inner link member 100. 
The left hand ends of the bar-like arms 120 are connected 
by means of the pivot pin 80 to the bifurcated crank arm 
72. The upper and lower edges of the arms 12) are each 
formed with lugs 24, providing shoulders or abutments 
126, the function of which will be set forth presently. 
The slide member 104 is in the form of a relatively 

thick plate or block (Figs. 3 and 6) having a central 
opening 30 therethrough, through which the rod 103 
extends and in which opening it is slidable. The oppo 
site edges of the plate 104 are notched as at 132 to 
provide pairs of ears 134 which straddle the members 
or arms 20, respectively, so that the block 104 is con 
Strained to slide longitudinally on these arms. The col 
lar 106. Surrounds the rod 108 in the immediate vicinity 
of the socket 114 and the rod 108 is slidable through 
the collar for purposes which will also be made clear 
presently. 

Still referring to Figs. 2, 3, 4 and 5, the compression 
Spring 86 is of the helical variety and, in its free state, 
is provided with a series of open or spaced convolutions 
to allow for limited compression of the spring endwise 
in the usual manner of operation of such compression 
Springs. The spring 86 surrounds the inner rod 108 and 
bears at one end against one side of the slide block 104 
and at its other end against the collar 106. The length 
of the compression spring is such that it normally main 
tains the collar 106 seated against an internal shoulder 
136 provided at the juncture between the sleeve portion 
122 and the arms 120, while at the same time maintain 
ing the slide block 104 against the shoulders 126 afford 
ed by the integral lugs 124 on the arms 120. The left 
hand end of the rod 108 has mounted thereon a limit 
collar 138 which is anchored in position by a set screw 
140 and the distance between the collar 138 and socket 
member 114 on the rod 108 is such that, in the normal 
position of the parts as shown in Fig. 3, the compression 
spring 86 will, through the medium of the collar 106, 
force the slide block 104 and collar 106 outwardly away 
from each other in opposite directions whereupon the 
collar 106 will bear against the extreme end of the 

pertinent to the present invention, reference may be had 75 Socket member 114. and cause the entire composite in-- 
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ner member 100 of the assembly 82 to be moved to 
the right as shown in Fig. 3 until such time as the limit 
collar 138 bears against the slide member 134. The 
spring 86 thus maintains the four relatively movable 
parts 100, 102, 104 and 106 of the assembly in the po 
sitions in which they are illustrated in Fig. 3, this being 
the neutral position of the assembly when the same is 
under neither compressional nor tensional forces. 

In the operation of the link assembly 82, when the 
rock-shaft 64 is turned in a clockwise direction as viewed 
in Fig. 1, the crank arm 70 will force the link 76 to 
the right, thus swinging the jaw 12 outwardly about its 
pivotal axis 24. At the same time the crank arm 72 
will force the link assembly 82 to the left thus swinging 
the jaw 11 outwardly about its pivotal axis 24. Con 
versely, as is obvious, when the rock-shaft 64 is turned 
in a counterclockwise direction, the linkage mechanism. 
will be actuated to draw the jaws 11 and 12 inwardly 
toward each other. 

During outward swinging of the jaws 11 and 12 under 
the motivating influence of the electric motor 14, oper 
ating through the gear reduction device 56, output shaft 
58 thereof, pinion 60, gear segment 62, crank arms 70 
and 72, and links 76 and 82, if the jaws 11 and 12 
should become wedged between two opposed adjacent 
objects, or if one of them should strike an adjacent 
massive object, counter-torque will be applied to the 
rock-shaft 64 through the link assembly 82 and such 
counter-torque, when applied to the shaft 64, will tend 
to compress the link assembly 82. As shown in Fig. 5, 
the application of compressional forces to the opposite 
ends of the link assembly 82 will cause the socket mem 
ber 114 to slide inwardly through the sleeve portion 122 
of the outer link member 102, thus forcing the collar 
106 to the left, as viewed in this figure, and compress 
ing the spring 86 between the collar 106 and slide mem 
ber 104 which is held against the shoulders 126 of the 
integral lugs 124 on the side bars 120. Movement of 
the socket portion 114 in this manner will cause the 
rod 108 to be slid to the left through the slide member 
104 so that the limit collar 138 moves away from this 
slide member. The effective length of the link assembly 
82 thus becomes shortened and the spring 86 assimilates 
the shock which otherwise would be imparted to the 
power train 116 leading to the motor 14 where conven 
tional rigid link constructions are concerned. When the 
compressional force on the link assembly 82 is relieved, 
the parts will be restored to their neutral position as 
shown in Fig. 3. 
When internal shock is encountered by the jaws 11 

and 12, as, for example, when the angle bar gripping 
members 50 engage the side margins of a stack of sheets 
or other objects to be lifted during inward Swinging 
movement of the jaws 11 and 12 under the influence of 
the motor 14, such inward swinging motion of the jaws 
is immediately arrested and tensional forces are applied 
to the link assembly 82 tending to expand the same lon 
gitudinally. When this occurs the inner link part 100 
will be moved to the right as viewed in Fig. 4 so that 
the limit collar 138 will force the slide block 104 to 
the right along the members 120 on which it is slidable 
and the spring 86 will be compressed between this slide 
block and the collar 106. The collar 106 will bear 
against the internal shoulder 136 and thus receive the 
end thrust of the spring 86. It will be seen, therefore, 
that the spring 86 assimilates any shock incident upon 
interruption of the inward swinging movement of the 
jaws 11 and 12. 

In order to reduce the flow of current through the 
electric motor 14 when the movement of the jaws 11 
and 12 is interrupted, during outward swinging move 
ment thereof, as previously outlined, a limit switch 150 
is mounted on one of the arms 120 of the outer link 
member 102. The limit switch 150 is provided with an 
actuating finger 154 which is positioned in the path of 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
movement of the collar 138 which moves to the left rela 
tive to the arm 120 as seen in Fig. 3 when the spring 
86 is compressed under the influence of compressional 
forces acting on the opposite ends of the link assembly 
82. The limit switch 150 has associated therewith a 
normally open pair of contacts 158 (Fig. 7), adapted to 
become closed under the influence of the actuating fin 
ger 154. The circuit connections for the limit switch 
150 will be set forth subsequently. 
The reversible electric motor 14 is of the series wound, 

direct current type in which reversal of the direction 
of current flow through the motor armature will ef 
fect reversal of the direction of rotation of the motor 
shaft, and consequently of the output shaft 58 of the 
gear reduction mechanism 56. Such selective reversal 
of the current flow through the armature circuit of 
the motor 14 will control the direction of movement 
of the lifter jaws 11 and 12. In order to prevent ex 
cessive motor speeds during inward swinging move 
ments of the jaws 11 and 12 under the influence of 
gravitational forces acting upon the jaws, means are 
provided whereby full line current will be applied to 
the armature circuit with the current flowing through 
the circuit in a direction to cause clockwise rotation 
of the rock-shaft 64 and consequent opening move 
ment of the jaws 11 and 12. The motor 14 will 
thus be driven under full power. However, when 
the direction of current flow through the armature cir 
cuit is reversed so that the power train 16 is actuated to 
cause counterclockwise rotation of the rock-shaft 64 to 
effect closing movement of the jaws 11 and 12, automati 
cally operable means are provided for introducing a re 
sistance element into the armature circuit so that the 
motor will be driven under reduced power. The circuit 
diagram of Fig. 7 illustrates schematically the manner 
in which such a resistance is automatically introduced: 
into the armature circuit of the motor and it also illus 
trates the manner in which the limit switch 150 is ca 
pable of interrupting the flow of current through the 
armature circuit. - 

Referring now to Fig. 7 in detail, full line current may 
be applied to the armature circuit of the motor 14 from 
the positive side of the line, through a reversing switch 
160, leads 21, 23, motor 14, leads 25, 27, a pair of nor 
mally closed contacts 29 associated with a relay magnet 
M, leads 31, 33, 35, and reversing switch 160 to the nega 
tive side of the line. Current flowing through the arma 
ture of the motor 14 in this direction will move the rock 
shaft 64 in a clockwise direction so as to cause opening 
movements of the jaws 11 and 12, as previously de 
scribed. 
When the reversing switch 160 is operated to reverse 

the direction of current flow through the armature of 
the motor 14, a circuit will exist from the positive side 
of the line through the reversing switch 160, leads 35, 37, 
relay magnet M, lead 39, a unidirectional device SR which 
may be in the form of a selenium rectifier, leads 47, 49, 
21, and reversing switch 160 to the negative side of the 
line. Energization of the relay magnet M will cause 
opening of the contacts 29, thus establishing a circuit ex 
tending from the negative side of the line, through the 
reversing switch 160, leads 35, 33, 51, resistance R, leads 
53, 25, armature of the motor 14, leads 23, 21 and re 
versing switch 160 to the negative side of the line. The 
ohmic value of the resistor R may be selected according 
to engineering requirements to produce a desired voltage 
drop thereacross and reduce the current flow through 
the motor armature to such an extent that overspeeding 
of the motor 14 under the influence of gravitational forces 
acting upon the jaws 11 and 12 during closing movements 
thereof will be avoided. 
The normally open pair of contacts 158 associated with 

the previously described limit switch 150 on one of the 
arms 124 of the outer link member 102 is disposed in 
shunt relationship with the unidirectional device SR, 
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Thus, when the actuating finger 154 is engaged by the 
collar 138 and the contacts 158 become closed, the uni 
directional device SR will be bypassed and a shunt circuit 
passing through lead 43, contacts 158, lead 45 and magnet 
M will be completed, thus opening the contacts 29 and 
restoring the circuit through the resistor R and motor ar 
mature so as to reduce the power output of the motor 10. 
Such a condition will obtain, for example, when compres 
Sional forces are applied to the ends of the link assembly 
82 due to the lifter jaws becoming wedged between two 
adjacent objects during opening of the jaws under full 
notor power, as previously described. 
A preferred embodiment of the invention has been 

shown in the drawings and described herein, but it should 
be understood that the invention is not limited to the 
specific disclosure made. For example, although in Fig. 
1 only one of the improved lost motion link assemblies 
82 has been shown in association with the gear segment 
62, the assembly being connected to the jaw 11, it will 
be understood that the thrust link 76 may be replaced by 
an assembly such as the lost motion link assembly 82 
having its opposite ends connected between the gear seg 
ment 62 and jaw 12. The appended claim should, there 
fore, be construed as broadly as the prior art will permit. 

Having thus described the invention what I claim as 
new and desire to secure by Letters Patent is: 
A compressible and extensible shock absorber link as 

Sembly comprising four relatively movable link elements 
capable of axial shifting movement in opposite directions 
relative to one another and including a first element hav 
ing means for attaching the same to one of said arms, a 
first stop shoulder on said first element facing said other 
arm, a second element slidable on said first element, hav 
ing means for attaching the same to the other arm, a 
Second stop shoulder on said first element facing said one 
arm, a third element slidable on said first element be 
tween the two stop shoulders on the latter and being en 
gageable with the first stop shoulder, said second element 
being slidable through said third element, a first stop 
shoulder on said second element facing said one arm, a 
fourth element slidable on said first element, interposed 
between said third element and the second stop shoulder 
on the first element and engageable with said latter stop 
shoulder, a second stop shoulder on said second element 
on the side of the third element remote from said other 
arm, facing the latter arm and engageable with said third 
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element, and a compression spring surrounding said second 
element and bearing at one end against said third ele 
ment and bearing at the other end against a fourth ele 
ment, said spring normally urging said fourth element 
against said second stop shoulder on the first element and 
urging the third element against the second stop shoulder 
on the second element, said first stop shoulder on said 
second element being engageable with the fourth element 
when compressional forces are applied to the link assem 
bly by said attaching means to compress said spring 
against said third element, said second stop shoulder on 
the second element being engageable with said third ele 
ment to compress said spring against said fourth element 
when tensional forces are applied to the link assembly 
by said attaching means, said first element being in the 
form of a pair of spaced parallel bars connected together 
at the end thereof adjacent said other arm by an integral 
collar portion, said second element being in the form of 
a cylindrical rod slidable through said collar portion, said 
third element being in the form of a block extending 
across said bars and having notches in the lateral side 
edges thereof within which said bars are slidable, said 
block also having a hole therethrough through which said 
rod extends and in which it is slidable, said means for 
attaching said first element to said one arm including a 
cylindrical socket member carried by said one arm and 
having a threaded socket formed therein and in which 
socket one end of said cylindrical rod is threadedly re 
ceived. 
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