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[57] ABSTRACT

Protection against injury to an operator of a construc-
tion vehicle in the event of rollover is provided by a
system which may be adapted to many different types
of construction vehicles, yet which will withstand the
static tests accepted as the industry standard for simu-
lating rollover. The system includes an integral super-
structure including upright corner column members
joined at their upper ends by longitudinal and trans-
verse horizontal members. At each upper corner of
the superstructure there is a special gusset member in-
terconnecting the three coincident superstructure
members. The gusset members effect a smooth transi-

“tion of stress applied to one member to the other

members of the superstructure with minimum deflec-
tion. The bases of the superstructure upright columns
are anchored by means of vibration mounts to brack-
ets which are attached to the vehicle frame.

7 Claims, 18 Drawing Figures
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ROLLOVER PROTECTIVE SYSTEMS FOR
CONSTRUCTION VEHICLES

BACKGROUND AND SUMMARY

Certain types of construction equipment such as
loaders, tractors, graders, bulldozers, compactors and
scrapers (collectively referred to as “tractors” herein)
are operated under conditions wherein it is possible
that the equipment will roll over. Such a condition is
obviously extremely hazardous to the operator, and it
has therefore become highly desirable to provide pro-
tection to the operator in the event of rollover. As an
absolute minimum, any protective system should be of
sufficient strength to support the weight of the vehicle
and it preferably should be capable of withstanding
even greater force.

More recently, minimum performance criteria have
been developed by the Society for Automotive Engi-
neers for rollover protective systems, and a test is used
to simulate the applied stress during rollover. This test
has become an industry standard for testing roliover
protective systems. It is, of course, desirable to have a
uniform test so that available systems may be compared
and improved. One such test procedure for establishing
whether a system exhibits the required performance
criteria is described in the SAE technical report J320a.

It is desirable that a rollover protective system be de-
signed such that it can be mounted to existing vehicles
as well as to new vehicles without re-design of the basic
vehicle frame, as this is not practical. In addition, it is
desirable from the point of view of design and manufac-
turing economy that the same basic system approach,
including interchangeable elements of the system, be
used on as many of the different types of construction
vehicles as is possible. Not only are the economies of
mass production thereby realized, but even more im-
portantly, as experience is gained with system opera-
tion for different types of vehicles, the system can be
improved and thereby afforded greater protection to an
operator.

It is, -however, difficult to achieve a uniform system
for rollover protection which is capable of being se-
cured to the many different types of construction vehi-
cles because of the widely varying situations encoun-
tered. For example, the operator is not always located
in the same part of a vehicle, and the different vehicle
designs include frames with stronger and weaker por-
tions that may be located at the varying locations about
the operator’s position.

In the SAE test mentioned above, a hydraulic ram is
positioned against the top of a rollover protective sys-
tem which is mounted to a vehicle, and the ram is ex-
tended to apply a force at the top of the rollover pro-
tection system in a direction transverse of the intended
direction of travel of the vehicle. Thus, a predeter-
mined force simulating the stress applied to a vehicle
during rollover is first applied. After this force is re-
moved, a predetermined weight is deposited on top of
the rollover protective system to simulate the applied
stress if the vehicle were completely turned over. In ad-
dition, in order for a proposed system to be acceptable,
the total deflection of the protective system must be
such that no part of the rollover protective system will
enter the so-called “critical” zone. The critical zone is
an imaginary volume in which the 95th percentile man
(when ranked in increasing size) outfitted in artic
clothing so as to take up a maximum space, would oc-
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cupy. More information concerning the critical zone
may be found in SAE Technical Report J397.

The rollover protection system of the instant inven-
tion includes an integral superstructure formed from
upright corner column members joined at their upper
ends by longitudinal and transverse horizontal mem-
bers. At each upper corner of the superstructure, a
novel gusset member interconnects the three coinci-
dent superstructure members in a manner such that
stress applied to any one of these members will be
transferred to the others under smooth transition to
minimize buckling. The bases of the superstructure up-
right column members are anchored by means of vibra-
tion mounts or rigid connections to brackets which are
attached to the vehicle frame. The interaction of the
superstructure, mounts, brackets, and vehicle frame to
resist deflection during the SAE test or actual rollover
is a very important aspect of the present system. All el-
ements of the system cooperate to transfer stresses to
the vehicle frame in a smooth transition to protect
against failure of any component whether in normal
operation or in the event of an accident.

The upright column members of the superstructure
are placed outside of the corners of the critical zone
and thereby leave an open field of vision for the opera-
tor in the intended direction of travel of the vehicle.
Further, the superstructures are adapted so that panels
may be mounted to it and thereby fully enclose the op-
erator’s station and protect the operator against harsh
environments, as in U.S. Pat. No. 3,572,819.

Another advantage of the instant inventive system is
that the same basic elements may be used for a number
of different vehicle types, each having different frames,
and yet it will be assured that the rollover protective
system will pass the above-mentioned SAE test without
intrusion of the superstructure into the critical zone.
That is, the present invention permits a designer to con-
sider the various parameters of each individual vehicle
type (such as the strength of the framework the protec-
tive system is to be mounted on, the availability of
space, the strength of the brackets attached to the vehi-
cle framework and the strength of the roll bars them-
selves) and to design a system from a limited number
of basic elements which are interchangeable between
systems wherein the applied simulated rollover stress
will be transmitted in smooth transitions to the stron-
gest part of the vehicle frame with a minimum of de-
flection of the superstructure.

Other features and advantages of the present inven-
tion will be apparent to persons skilled in the art from
the following detailed description of alternative em-
bodiments wherein identical reference numerals will
refer to like parts in the various views.

THE DRAWING

FIG. 1 is a rear perspective view of a crawler tractor
equipped with a rollover protective system, according
to the present invention; :

FIG. 2 is a side elevational view of the rollover pro-
tective system of FIG. 1;

FIG. 3 is a rear elevational view of the rollover pro-
tective system of FIG. 1;

FIG. 4 is a fragmentary rear view of the tractor of
FIG. 1 showing the rollover protective system after
stress;
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.FIG. 4ais a close-up rear view of the front mounts for
the rollover protective system after stress has been ap-
plied.

FIG. § is an enlarged fragmentary perspective view,
partially broken away, of a mount for the rollover pro-
tective system;

FIG. 6 is a vertical sectional view of the mount of
FIG. 5 showing the associated column in a deformed
state;

FIG. 7 is a fragmentary perspective view of the roll-
over protective system as viewed from below and show-
ing the gusset means which interconnect the various
columns and beams;

FIG. 8 is a perspective view of the inside of one of the
gusset means of FIG, 7;

FIG. 9 is a fragmentary vertical sectional view of one
upper corner of the rollover protective system;

FIG. 10 is a view similar to FIG. 9 but of a modified
form of structure utilizing tubular as contrasted to
formed beams and a modified form of gusset;

FIG. 11 is a view similar to FIG. 10 but showing vari-
ous elements in the condition assumed under stress;

FIG. 12 is a front perspective view of a scraper
equipped with the inventive rollover protective system;

FIG. 13 is a front elevation view of the rollover pro-
tective system of FIG. 12 under stress;

FIG. 14 is an enlarged fragmentary perspective view,
partially broken away of one type of mount for the roll-
over protective system of FIGS. 12 and 13;

FIG. 15 is a vertical sectional view of the mount of
FIG. 14 but in the condition assumed under stress;

FIG. 16 is a side elevational view of the rollover pro-
tective system of FIG. 15; and

FIG. 17 is a front and rear elevational view of the
rollover protective system of FIG. 12.

DETAILED DESCRIPTION

Referring now to FIG. 1, reference numeral 20 gen-
erally designates a crawler tractor equipped with the
rollover protective system of the present invention. As
already indicated, the invention has application to a
wide variety of construction vehicles. For convenience
of reference, we have referred to such equipment as
construction vehicles or simply *‘tractors’ because par-
ticular emphasis has been placed on the safety of oper-
ators of graders, scrapers, haulers, and tractors as well
as those pieces of self-propelled equipment which are
used in allied industries such as logging, mining, mate-
rial handling, and the like. It will be appreciated there-
fore that the invention relates in its broader aspects to
rollover protective systems, and it is not limited to use
with any particular type of working vehicle.

The tractor 20 is equipped with a chassis 21 support-
ing an engine 22, operator’s station or seat 23 and con-
trols 24, The chassis or frame 21 also supports the in-
ventive super-structure generally designated 25 and the
entire piece of equipment is propelled by crawlers des-
ignated 26. It will be noted that the operator’s seat 23
is completely circumscribed by the perimeter of the su-
perstructure 25 and further, the superstructure 25 is so
arranged and constructed so that under extreme stress,
no portion thereof enters the critical zone occupied by
the operator and described above.

The superstructure 25 includes four upright columns
or legs denoted respectively 27-30 which are also seen
in FIGS. 2 and 3. The front (i.e., in the direction of for-
ward vehicle travel) legs are designated by the numer-
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als 27 and 28 for the right and left legs respectively.
The rear legs are designated 29 for the rear right leg
and 30 for the rear left leg. Each of the columns 27-30
may be a tubular column of generally square cross sec-
tion which, for most vehicles can be either 4 X 4 inches
or 5 X 5 inches with the wall thickness being about
3/8"". Each of the legs or column members 27-30 are
attached at their bases to the frame 21.

Each column 27-30 is connected to the frame 21
through mounting means generally designated 31 and
which can be seen in FIGS. 5§ and 6 relative to the col-
umn 29. The general arrangement and additional de-
tails of the mounting means can be seen in co-owned
U.S. Pat. No. 3,560,019.

In FIGS. 5 and 6 (the column being under lateral
stress and designated 29 in the latter), the mounting
means 31 includes a sleeve 32 which is equipped with
a perimetrically enlarged bottom flange 33 providing a
shoulder 34. The column 29 is received over the upper
portion of the sleeve 32 and is secured against the
shoulder 34 as by a weld at 35,

Extending upwardly from the base 21 is a bayonet
mount 36 equipped with an enlarged flanged base 37.
The base 37 is secured to a bracket 38 by welding as
at 38a. The bracket 38 will be described in greater de-
tail presently. The sleeve 32 has a vertically extending
channel 39 which is defined by four walls which are in-
wardly inclined at their upper ends. The walls of the
bayonet mount 36 are correspondingly tapered as at
the portion designated 40 in FIG. 6.

A cushioning member 41 of rubber or other suitably
resilient material extends around the mount 36 above
the flange 37, and is interposed between the base flange
33 of the sleeve 32 and the flanged base 37 of the bayo-
net mount 36.

The sleeve 32 (and hence the column 29) is secured
to the bayonet mount 36 by means of a locking element
42. The element 42 extends through aligned passages
in the sleeve 32 and the column 29 and through a verti-
cally elongated slot 43 in the bayonet mount 37. The
slot 43 is equipped with a lining 44 of rubber or similar
resilient material also slotted as at 45.

As illustrated in FIGS. 2 and 3, the columns 27-30 of
the superstructure 25 have their bases securely at-
tached to the frame 21 by means of brackets, the for-
ward brackets being designated by reference numeral
40 and the rear brackets being designated 40a. It is
considered one of the primary advantages of the pres-
ent invention that the same elements may be used to
achieve a superstructure which will pass the SAE test
and thereby achieve the economies of interchangeable
parts, while adapting the system to vehicles of different
types. For example, in the crawler illustrated the chas-
sis or frame 21 is equipped with heavy longitudinal side
frames extending along either side of the operator’s sta-
tion, and, therefore, in this construction, it is desirable
to secure the superstructure 25 to these longitudinal
beams. Other vehicle types may have stronger frames
at different locations, thereby requiring slightly differ-
ent brackets, but nevertheless enabling the use of the
same general configuration of superstructure being de-
scribed. In the case of the front columns 27 and 28, the
bracket 40 includes a vertically elongated plate 40b
bolted to the frame 21 and including an outwardly ex-
tending horizontal pedestal 40 ¢ (see FIG. 3), the lower
side of which is braced against the vertical plate 405 by
means of a brace 40d. Thus, the base flange 37 of the
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bayonet mount 36 is welded to the top surface of the
pedestal 40c.

The base portions of rear columns 29 and 30 are con-
nected to the frame 21 by similar brackets generally
designated 40a in FIG. 2. In this instance, a pedestal
40e receives the base flange 37 of the bayonet mount
36, and this pedestal 40e is bolted to a similar plate 40f
which, in turn, is welded to a vertical plate 40g which
is secured to the longitudinal beams of the frame 21.

The columns 27-30 are connected at their upper
ends by four horizontal beams, two of which are ex-
tended longitudinally of the vehicle and are designated
41a and 415 in FIG. 7, interconnecting respectively the
tops of the beams 27, 29 and 28, 30. There are also two
transverse beams designated respectively 41¢ and 41d
in FIG. 7. At each upper corner of the superstructure,
an upright column, a longitudinal beam and a horizon-
tal beam are connected together into an integral, uni-
tary junction by means of corner gussets, generally des-
ignated 42 which can be seen in perspective in FIG. 7
from beneath the superstructure and in FIG. 8 from a
position above the gusset with the gusset not attached
to the superstructure.

Each of the corner gussets 42 as seen in FIG. 7 inter-
connects an upright column, a longitudinal beam and
a transverse beam of the superstructure.

In plan view, the superstructure top for the embodi-
ments of FIGS. 1-7 is substantially square, and a can-
opy plate 43 including depending side flanges 434 and
43b overlies the longitudinal beams 41a and 415.

For the embodiment of FIGS. 1-3, we have found it
advantageous to incline the rear columns 29 and 30
(see particularly FIG. 2). In the illustration given, the
inclination is of the order of 15 degrees from the verti-
cal. Although this inclination is not critical, it is useful
in transferring stress to the strongest portion of the ve-
hicle frame in certain instances. This example further
- illustrates the flexibility of the inventive system in
drawing the load to the strongest part of the frame for
a particular vehicle through the use of the shortened
rear columns 29 and 30 which cause the rear portion
of the superstructure to be stiffer and hereby draw the
load to the vehicle at locations just behind the opera-
tor’s station where the frame is best able to withstand
the load for this type of vehicle.

The showing in FIGS. 4 and 4q is a superstructure
suitable for use with a Caterpillar C9G crawler tractor
wherein identical reference numerals refer to like ele-
ments for the embodiment of FIGS. 1-3. The embodi-
ment of FIGS. 4 and 4a, however, has been stressed,
and the results will be discussed below.

The critical zone is diagrammatically illustrated in
FIGS. 2 and 3 by the chain line C.

Turning now ta the corner gussets 42; each gusset in-
cludes three struts, designated 45, 46 and 47 in FIG. 8.
Each of the struts 45-47 can be seen to define a chan-
nel, denoted respectively 45a, 46a and 47a. Each chan-
nel is defined on two adjacent sides by tabs, denoted
45b, 45¢, 46b, 46¢, 47b and 47c.

The gusset 42, as illustrated, is a solid, integral piece, -

preferably made according to conventional metal-
forming techniques from an integral piece of metal for
strength and integrity. Thus, the tabs 45¢ and 46b are
joined by means of a connecting brace 45d. Similarly,
the tabs 46¢ and 47¢ are connected by a brace 46d and
the tabs 45b and 47b are connected by a brace 47d. The
braces 45d, 46d and 474, are, in turn, connected to-
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gether by means of a triangular median plate 48. The
longitudinal edges of the braces 46d and 474 which are
not joined to the plate 48 are provided with triangular
web portions 49 and 50 to provide additional support
between the upstanding column member and the trans-
verse and longitudinal beams connected by the gusset
42. The axes of the three channels 454, 464 and 474
defined by the struts 45-47 for the embodiment of FIG.
8 extend in mutually perpendicular direction. The
downwardly extending channel 47a would, of course,
be slightly modified to accommodate the inclination of
the rear upright columns 29 and 38. Similar gussets can
be adapted to beams of round or rectangular cross sec-
tions. The primary function of the gusset 42, as already
mentioned, is to interconnect the intersecting trans-
verse and longitudinal beams with the upper end of one
of the columns in such a fashion that any applied stress
will be transmitted from the upper beams to the column
in a smooth transition so that the stress may be borne
by the frame of the vehicle and there will be only a min-
imum of deflection of the superstructure. This smooth
transition of applied stress to the upright columns is not
impeded by inclining the upright column relative to the
channels 45a, 464, thereby permitting the same gusset
configuration to be used on superstructures for differ-
ent vehicles. In addition to the above-mentioned man-
ner of manufacturing the gusset 42, it may equally well
be fabricated by welding individual parts together or it
may be cast.

Reference is now made to FIG. 9 and to the forward
right-hand corner of the superstructure—i.e., at the in-
tersection of beams 41a and 41¢ with column 27. In
that corner, the strut 45 receives the beam 41a, the
strut 46 receives beam 41a, and the strut 47 is attached
to the column 27. Thus, the plate 47d forms a diagonal
reinforcing and connecting member between beam 41a
and column 27 for force transmission. In like fashion,
it will be seen that the plate 46d provides a diagonal
brace between beam 41c and column 27. Lastly, the
plate 454 serves as a diagonal brace between the beams
41a and 41c. Each of the tab portions associated with
a particular strut is welded to its associated column or
beam, as the case may be. [t will be observed that each
tab is relatively small in cross sectional area at its distal
end, and this area gradually increases toward the junc-
tion with its associated diagonal brace. This gradual in-
crease in size effects a smooth transition of stresses
under load to the gusset and thence to a column. Other
shapes may be used for the tab, but it should preferably
exhibit this characteristic. As a consequence, the tri-
angular plate 48 provides a load transmitting element
extending between and secured to each pair of inter-
secting structural members, and each of the diagonal
braces, sometimes referred to as “flanked portions,” of
the corner gusset is an integral extension of the triangu-
lar center plate which serves as a base common to all
three intersecting structural members.

Referring to the gusset located diagonally opposite
the one just discussed, it will be noted that the web 49
extends between column 30 and beam 41d, and the
web 50 extends between column 30 and beam 41b.
These two triangular webs fill in the spaces between the
diagonal braces 46d and 474, and the two intersecting
structural members (beam and column) which these
plates join. The webs have their edges welded to the
corresponding structural members, thus adding further
reinforcement to the corner interconnection.



3,785,696

7

The triangular webs 49 and 50 are shown in the cor-
ner gusset 42 provided at the left rear corner in FIG. 7.
It is also possible to have a similar triangular web ex-
tending between the struts 45 and 46 in a horizontal
plane. However, usually the superstructure is equipped
with a canopy, as mentioned, which serves as a rein-
forcing corner web for the two intersecting beams at
each corner.

Due to the shape in which the corner gusset 42 is
constructed, it is economical from the standpoint of the
amount of material actually required in its production,
and its interconnection to the associated beams and
columns does not present any particular problem.
What is more important, however, is that it provides for
an equalized and smooth transition of stress between all
connected structural members. The tabs by which the
gusset is secured to the beams and columns act as stress
reducing elements in distributing the load along these
structural members while the triangular median plate
48, adjoining all of the struts, tends to distribute the
load about all three intersecting structural members.
Thus, a smooth transition in section strength is made
possible between all of the intersecting members and
the corner gusset provides good load carrying capabil-
ity in all directions instead of only a single direction. By
this means we are able to provide a structure wherein
a stress loading applied to one structural member is not
absorbed by that particular structural member but in-
stead is transmitted to other structural members. In-
stead of having the stress mainly resisted by a particular
column, the stress is distributed by means of the beams
and corner gussets to the other three columns and
thence to the vehicle frame thereby making for a stron-
ger and much more effective rollover protection be-
cause the strongest portion of the frame may then bear
the bulk of the load.

The same type of corner gusset may be employed in
connection with the showing in FIGS. 4 and 4a. The
showing there is of a superstructure especially suitable
for a loader, only a portion of which is seen. Further,
the illustration shows the loader after stress is applied
in accordance with the SAE test mentioned above.

In FIGS. 4 and 44 the overlying canopy is again desig-
nated by the numeral 93 with the depending side
flanges being designated 43a and 43b. Corner gussets
are denoted 42, and it will be seen that the upright col-
umns 27-30 are all vertical and of about the same
length.

The mounts 31 are similar to the mounting means al-
ready described, and they connect the bottom portions
of the upright columns 29 and 30 to brackets desig-

nated S5 in FIG. 4. The brackets 55 are supported by

laterally-extending members 56 which, in turn, are sup-
ported by angle brackets shown partially in dashed line
and designated 57.

The forward upright columns 27 and 28 are secured
to lateral rails 58 which are supported, in turn, by
plates 59. The plates 59 are braced by means of in-
clined braces 60 against reinforced sidewalls 70. The
sidewalls 70 are, in turn, secured to the frame of the ve-
hicle. For this embodiment, the rear mounts for the up-
right columns 29, 30 are intended to bear a greater roll-
over stress than forward columns.

Referring now to FIG. 4, the critical zone may be dia-
grammatically illustrated by the dashed line C, as
viewed from the rear. When a lateral force, indicated
by the arrow F is applied to the top of the superstruc-
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ture, the force is transmitted to the beams and columns
of the superstructure, held together by the gussets 42
and then to the supporting brackets and the frame of
the vehicle. The superstructure will deflect in the man-
ner illustrated in FIG. 4 whereby the transverse and
horizontal beams will be translated to the right, thereby
bending the upright columns 29, 30 in the manner
shown. However, none of the superstructure will enter
into the critical zone C. In addition, it will be observed
that the forward vision of an operator in the direction
of intended travel of the loader is not impaired in the
slightest by the superstructure. Thus, an operator dur-
ing rollover is enclosed on all sides of his person by
means of the superstructure (as distinguished from
some systems wherein a canopy is cantilevered over an
operator from the rear), and the inventive system per-
mits adaptation of the basic system of upright columns
and transverse and longitudinal beams to vehicles of
many different designs while insuring that the applied
rollover stress is transmitted in uniform transition from
the horizontal beams to the vertical columns and
thence to that portion of the vehicle frame which is best
suited to bear the rollover stresses.

Turning now to FIG. 10, there is shown a view of an
upper corner of a rollover protective system, similar to
FIG. 9, except that the canopy 43 is missing. In this em-
bodiment, a longitudinal beam 65 is shown to have a
tubular shape, and a similar transverse beam 66 is con-
nected to the end of the beam 65. An upright corner
column is designated 67. A corner gusset, generally
designated by reference numeral 68 interconnects the
beams 65-67, and it includes first and second tabs 69
and 70 for welding to the column 67 as well as similar
tabs for welding to the beams 65 and 66. The principal
difference of the gusset 68 from that previously de-
scribed is in the inclusion of a smoothly curved plate 71
interconnecting the three struts which are generally
designated by reference numeral 73, 74, and 75 respec-
tively. The struts secured to the upper beam 65 and 66
do not have tabs for welding to the sides of those
beams, that is, each strut has only a lower tab and these
are designated respectively 734 and 75a which weld re-
spectively to the lower surfaces of the beams 66 and 65.

Under lateral stress, the embodiment depicted in
FIG. 10 deforms in a manner illustrated in FIG. 11
wherein the vertical column 67 and the beam 65, al-
though forced together, are braced apart by the smooth
curvature of the corner gusset 68, this bracing, of
course, affords a smooth transition of applied stress
among all of the three interconnecting superstructure
members 65-67.

Turning now to FIG. 12, there is shown a front per-
spective view of a scraper which is provided with a roll-
over protective system constructed according to the
present invention. The scraper includes a rear bowl
generally designated 75 and a forward cab 76. The op-
erator’s station is generally designated by reference nu-
meral 77 and it is located forwardly and above the for-
ward wheels 79. A horizontal frame platform 80 is con-
nected to the forward chassis of the scraper.

The rollover protective system for the scraper in-
cludes a superstructure generally designated 81 which
includes four generally upright columns 82, 83, 84 and
85 as well as two longitudinal upper beams 86 and 87
and two transverse beams 88 and 89. The operator’s
station is normally enclosed by means of panels secured
to the superstructure 81, but the panels have not been
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illustrated in order to more clearly show the superstruc-
ture. At the forward upper portion of the operator sta-
tion there is a windshield 90.

The corners of the upper beams and upright columns
are connected with corner gussets generally designated
by reference numeral 92 which are similar to the cor-
ner gussets 42 which have been previously described in
connection with FIG. 8 particularly.

Turning now to FIGS. 16 and 17, the rear corner col-
umn 84 is seen to comprise an upper generally vertical
portion 84a and a lower inclined portion 84b. A gusset
95 braces the upper and lower portions 84a, 84b of the
beam 84. The gusset 95 is similar to the previously-
described gussets 92 in its attachment to the intersect-
ing beamed portion and its ability to effect a smooth
transition of forces between interconnected beam
members.

The gusset 95 includes an upper tab 97 which is
. welded to the forward surface of the vertical beamed
portion 84a and a lower tab 98 which is welded to the
lower beam portion 84b. An inclined interconnecting
plate 99 (see FIG. 12) interconnects the tabs 97, 98.
First and second side portions (only one of which is
shown in FIG. 16 and is designated 100) extend from
the plate 99 for engaging the forward surfaces of both
beam portions 84a, 84b to brace them against buckling.

Turning now to FIG. 17, the forward vertical col-
umns 82, 83 are further interconnected by means of a
horizontal forward beam 103 which is braced respec-
tively against the upright columns 82, 83 by two pairs
of right-angle gussets which are generally designated by
reference numeral 104, all of which may be identical.
The right-angle gussets 104 are single to the just-
described gusset 95 for interconnecting and bracing
two intersecting beams, except that the end tab por-
tions (designated 106 and 107) extend in perpendicu-
lar directions. The gusset 104 is otherwise modified to
accommodate a right-angle intersection of the two
beams.

As will be further observed from FIG. 17, the rear
right corner column 85 is inclined outwardly relative to
the front corner beam 82, and as has already been men-
tioned, it is considered one of the features of the pres-
ent invention that such beams may be angled either to
connect the superstructure at its base to the strongest
portion of the vehicle frame, or, if desired, to lend an
aesthetic appearance to the operator’s cab.

The two rear beams 84, 85 may be further braced by
means of a horizontal beam partially shown in FIG. 17
and designated by reference numeral 110. The beam
110 will come, of course, connected to the upright col-
umns by means of gussets, one of which is partially
shown in FIG. 17 and designated 111.

The bottom of the column 85 is connected to a por-
tion of the frame designated 112 of the vehicle by
means of a mount 113 which is similar to the previous-
ly-described mounts 31, illustrated in FIGS. 5 and 6.
The bottoms of the remaining three upright columns
82, 83 and 84, may be connected to the vehicle frame
by an alternative type of mount which is generally des-
ignated by reference numeral 115 and shown in greater
detail in FIGS. 14 and 15. The mount 115 is an anti-
vibration mount, as was the prevoiusly-described
mount. The mount 115 has an advantage in low cost
and simplicity over the previously-described mount.

Turning then to FIGS. 14 and 15, the mount 115 is
shown for connecting the upright forward column 83 to
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a bracket 116 which, in turn, is connected to the main
frame of the vehicle. The mount includes an integral
pedestal generally designated by reference numeral
118 and including an upper crown 119 of generally uni-
form rectangular horizontal cross section with rounded
corners, and a base 120. The outer periphery of the
base 120 is approximately equal to the dimension of the
outer periphery of the upright column 83, and it is
welded as at 121 to the bracket 116. The lower end of
the column 83 is spaced above the upper surface of the
base 120 of the mount, as indicated by the distance $
in FIG. 114, for reasons which will be explained pres-
ently.

The crown portion 119 of the mount is provided with
a transverse channel 125 which receives a flexible filler
126. The filler 126 is provided with a bore 127 which
receives a shaft 128. The bore 127 of the filler 126 may
be elongated slightly in a vertical direction as illus-
trated in FIG. 15, if desired. The bolt 128 is provided
with a hexagonal head 129, and the other end of the
bolt 128 may be threaded to receive a nut in securing
the upright column 83 to the pedestal 118.

At the top of the crown 119 there is a cap 130 which
includes a peripheral bumper member 131. The cap
130 may also be of a hard flexible material, and it
serves as a cushion for the interior of the tubular col-
umn 83 when it is deflected as shown in FIG. 15. As il-
lustrated in FIG. 15, the lower portion of the column,
when deflected, will tilt as shown, and the spacing S
permits a uniform tilting of the column about the shaft
of the axis 128 without binding. The cushion or bumper
131 as well as the flexible filler material 126 reduce vi-
bration during operation.

Turning now to FIG. 13, there is shown a test stand
for testing the rollover protective system superstruc-
ture for the scraper shown in FIG. 12 after the lateral
force has been applied. The test stand includes an out-
wardly extending beam 135 which is secured to it by
means of bolts 136 and is cantilevered in a slightly up-
wardly inclined position to accommodate the super-
structure 81.

The applied simulated rollover stress force may be
applied in the direction of the arrow 138.

With the present invention, then, there is provided a
rollover protective system which is capable of being
fabricated to fit the individual needs of each vehicle
type. Primary among these needs is an ability to trans-
mit any applied rollover stress, whether actual or simu-
lated, to that portion of the vehicle frame which is best
able to withstand it. Secondly, the rollover protective
system, having as it does a superstructure intercon-
nected with the novel gussets illustrated and described,
is able to transmit the rollover stress in orthogonal di-
rections and in smooth transition, thereby to distribute
the applied rollover stress to all portions of the frame
equally.

Having thus described in detail a preferred embodi-
ment of the inventive system, persons skilled in the art
will be able to modify certain of the structure which has
been illustrated and to substitute equivalent elements
for those which have been described while continuing
to practice the principle of the invention; and it is,
therefore, intended that all such modifications and sub-
stitutions be covered as they are embraced within the
spirit and scope of the appended claims.

1. A rollover protective system for vehicles compris-
ing: at least four generally upright columns spaced at
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the corners of an operator’s station; a plurality of gen-
erally horizontal beams interconnecting the upper ends
of said columns to provide a superstructure; gusset
means for rigidly interconnecting each column with its
associated beams, each gusset means comprising an in-
tegral corner gusset having three struts extending in
generally perpendicular relation, each strut including
members welded to an associated beam or column, and
rigid median plate means interconnecting all of said
struts to provide a smooth transition of applied stress
from said beams to said columns; and mounting means
pivotally interconnecting the lower end of each column
to the frame of said vehicle when said structure is in as-
sembled relation with said vehicle.

2. The structure of claim 1 wherein said members of
each strut comprise first and second tabs extending in
generally perpendicular planes and adapted to be
welded to adjacent sides of an associated beam or col-
umn having a generally rectilinear cross section.

3. The structure of claim 2 wherein said rigid median
plate means of each strut comprises a diagonal brace
plate extending between each pair of struts, and a gen-
erally triangular median plate connected to the inner
edge of each of said brace plates.

4. The structure of claim 2 wherein each median
plate means of said struts comprises diagonal brace
plate means extending between at least two pairs of
said struts and a smoothly curved median plate con-
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nected to the inner edge of each of said brace plates.

5. The structure of claim 1 wherein at least one of
said columns is shorter than the others and inclined rel-
ative to a vertical line extending perpendicular to its as-
sociated beams to thereby draw any load applied to
said protective structure to a stronger part of the vehi-
cle frame.

6. The structure of claim 1 wherein said protective
structure is adapted to receive enclosing panels thereby
to enclose the operator’s station and provide the opera-
tor with environmental protection.

7. A rollover protective structure for vehicles com-
prising: a plurality of generally upright columns spaced
about an operator’s station; a plurality of generally hor-
izontal beams interconnecting the upper ends of said
columns to provide a superstructure; gusset means for
rigidly interconnecting each column with a pair of asso-
ciated beams, each gusset means including an integral
corner gusset having three struts extending in generally
perpendicular relation, each strut including a pair of
tab members welded to an associated beam or column,
and rigid median plate means interconnecting all of
said struts to provide a smooth transition of applied
stress from said beams to said columns; and mounting
means interconnecting the lower end of each column
to the frame of said vehicle when said structure is in as-

sembled relation with said vehicle.
* * * * *



