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- FRAME FRONT END OF JAW CRUSHER, JAW CRUSHER AND CRUSHING

PLANT

FIELD OF THE INVENTION

The invention relates to a front end of a frame of a jaw crusher, a jaw crusher and
a crushing plant which are suitable for crushing mineral material.

BACKGROUND OF THE INVENTION

Frames of jaw crushers have been manufactured in many different ways. One
typical frame of a jaw crusher comprises side plates and ends which are
assembled with bolt joints. A jaw crusher may also comprise a completely casted

or a completely welded frame.

Side plates of a jaw crusher are attached with bolt joints to, for example, casted
ends in which shear forces created while loading the crusher are received with
extending pins casted to the ends. The movement between friction surfaces of the
bolt joints exposes joints to loosening and/or fretting fatigue that decreases
considerably fatigue strength of the side plates and the ends. Due to the loosening
frame bolts of the side plates attached to the ends require regular checking and
when needed after-tightening.

Initiation of a crack from contact surfaces of two pieces pressed together is called
fretting fatigue. For initiation of a crack typically a continuous low amplitude
vibration gliding occurs between attaching surfaces of the side plates and the
ends. Fretting fatigue is a very serious form of faﬁgue because it may also occur in
such areas which are not critical regarding to stress. Controlling the fretting
phenomenon is computationally difficult and laborious because influences of
friction, such as friction coefficient, in joints are not accurately known.

TRANSLATION (RULE 12.3)
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| Extending pins reCeiving shear _forces of present multipart frame assembled with.

bolts and casted to the ends of the frame cannot be replaced when the pins wear
éway. 'ln bolt joints, especially due to the large amount of frame bolts, lots of
places critical to the fretting fatigue are caused to the frame because users easily
forget after-tightening of frame bolts. Lots of frame bolts and massive base plates
used with the frame bolts and lots of extending pins are used in the'multipart frame
of a jaw crusher due to which expensive machined surface must be plentifully
produced to the frame. Thus, the amount of parts and expensive machining‘grows

high that increases price and assembly time.

Very many critical fatigue vulnerable places are formed to a welded frame of a jaw
crusher. Welding decreases significantly fatigue strength of the base substance.

‘Quality assurance of the weldings in the welded frame increases costs.

Casting p'i'eée of the frame gets heavy when the frame of the jaw crusHer is-
entirely casted of character. High weight of the frame piece consisting of a single
part causes difficulties in handling of the frame piece, for example, in machining,

assembly and transport.

A thick intermediate piece behind a wear part of a fixed jaw is used to adjust the

~ jaw angle of a jéw crusher in some applications, which intermediate piece may be

replaced. The intermediate piece is heavy and difficult to mount. Relievings for
decreasing weight have been made to the known adjustment plates of the jaw

angle that increases manufacturing costs.

- Patent publication EP1049539817 describes a jaw crusher which has a frame

~ assembled of many parts.

In a known jaw crusher the front end has a structure of a so called book case
formed by vertical and horizontal ribs connected to a plain plate-like wall. The wear
part is attached to a plate-like front wall an_d the rib structure is open outwards

~ from direction of a throat of the jaw crusher. Because the plain front wall does not
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bear i ln its own dlrectlon the front wall will have massive saze and welght Bolt joints

to be made to side plates increase the welght

Patent publication US 2,125,666 ‘describes a frame of a jaw crusher having ends

with horizontal cross sections which have a form of a half-circle. The ends are
manufactured of rolled steel plates by welding and connected to side walls of the
frame by welding. A separate attachment piece is needed for the wear plate whieh
has a plain surface at side of the wear plate. A rear Wail of the attachment pie'ce
which has a half-circle form is attached with help of melted metal to the half-cnrcle

formed end plate.
SUMMARY

According'to a first aspect of the invention there is provided a front end of a frame
of a jaw crusher which front end comprises a curved front wall for receiving
crushing force. The front end comprises an inner rib structure formed to the curved

front wall.

Preferably the front end comprises side wall parts of the frame which are
connected fixed to the curved front wall via which side wall parts the front end is

detachably joinable to a remainder part of the frame of the jaw crusher.

Preferably the front end compn'seé.joining organs in the side wall partévia which
joining organs the front end is detachably joinable to a remainder part of the frame

of the crusher.

- The front end may comprise at least one first flange in both side wall parts for a
- flange-screw joint to be realized with the frame.

The front wall may be stiffened with a rib structure and loads of a cruShing event

‘may be transferred to membrane stress in the front wall wherein less bending

strain is present in the front end. The rib structure may be inside the front wall..
Preferably the inner rib structure is adapted to receive a rear surface of a wear
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plate of the jaw crusher. The front end may comprise ‘an outside rib structure

‘formed to the curved frqrjt wall. The rib structure may comprise horizontal ribs. The

rib structure may comprise vertical ribs. Pfeferably the rib structure forms a so

“called book case structure where vertical ribs connect horizontal ribs being one
* upon another. Preferably the front end is formed of the curved front wall and the

inner rib structure in which vertical ribs connect horizontal ribs being one upon .
another and, additionally, of horizontal stiffening ribs outside the curved front wall.
Preferably the front end transfers membrane stresses in direction of a shell

 structure formed by the curved front wall. Preferably the structure of the front end _‘

is pressure vessel-like wherein bending strain of material of the front end and
material of connecting locations of the front wall and the side walls may be

decreased.

Preferably the frame of the jaw crusher comprises a front part and a rear part

joinable to the front part. Preferably the front_ part comprises the front end.

Preferably a substantial part of load of the front part is transferred from the front -
end via the side walls as a tension stress to direction of the rear part of the frame.

Preferably the frame of the jaw crusher comprises a front wall and a major part of
the front wall and front parts of both side walls form a Unitary piece.

Preferably the rear part of the fr_ame comprises a unitary piece which is formed of .

rear parts of both side walls of the frame and at least one structure part connecting

these rear parts of the side walls.

Preferably the front end is manufactured by casting to a unitary pieéé. Preferably
the front part is manufactured by casting to a unitary piece. Preferably the rear part

~ is manufactured by casting to a unitary piece.

Preferably the front part and the rear pért are joinable to each‘other_with joints
which connect front parts and rear parts'of the side walls on both sides of the .

frame.
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According to some embodiments the front part and the rear. part of the frame are

_joinable to each other wuth ﬂange—screw joints.

Preferably the ﬂange-scréw joint-comprises in the Side wall of the front part af least
one first flange. Preferably the ﬂange—scréw joint cdmprises in the rear side wall of

the rear part at least one second flange, and first and second ﬂangés are

tightenable towards each other with screws having influence on flanges.

Preferably the flange-screw joint comprises an intermediate plate with a selectable

-.equal thickness which is mountable between the first and second flanges.

o Preferably the flange-screw-joint comprises a wedge-like intermediate plate with a

15

20

25

30

selectable equal thickness or an adjustment wedge which may be mounted peak

’pdinted ub_or down, mountable between the first and sécond flanges.

-Accordihg to some embodiments the frame comprises a welding joint on its both

sides between a side WaII, of a front part and a rear side wall of a rear part. The
welding joint may comprise one welding seam. Amount of welding joints and

welding work in manufacture of the frame may be considered as small.

According to some embodiments the front part and the rear part of the frame are

joinable to each other with a fork-pin joint.

Preferably the fork-pin joint comprises,‘a fork in the side wall of the front part and/or

‘the rear part, and a tongue as a counter joining part, correspondingly, in the side

wall of the rear part and/or the front part, which tongue is adaptable between walls
of the fork, and the fork and the tongue comprise pin holes for a pin.

Preferably the frame comprises an upper and a lower fork-pin joint on both sides

of the frame.

Preferably the forks and the tongues are plate structures in the direction of the
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walls of the front part and the rear part.

Preférably at least one fork¥pin-joint comprises the fork and the tong'ue formed of
plate structures devratmg from the dlrectlon of the walls of the front part and the :

. rear part.

According to a second aspect of the invention there is provided a jaw crusher
whlch comprises a frame for crushing mineral material which jaw crusher
compnses a front end or front part of a frame of a jaw crusher according to any

embodiment of the invention.

- According to a third espect of the invention there is provided a crushing plant

which comprises a front end or front part of a frame of a jaw crusher according to
any embodiment of the invention or a jaw crusher according to any embodlment of

the mventron

Preferably the'-crushing plant comprises a frame of a crushing plant which frame is

 configured to receive the mass of the frame of the jaw crusher.

Curvature of the front end of the frame decreases bending strain of the front end.
The pressure vessel-like front end gets lighter because bending strain caused by
the crushing event can be changed to membrane stresses which are directed
along the shell formed by the front wall and the side walls. The front end gets also
lighter because joihts present in known joints between the front wall and the side -
walls can be left away. | |

The frame of a crusher assembled of two frame parts and manufactured by
casting has many advantages when compared to a frame of crusher which is
entirely cast. Joints proven to be problematic between load transfemng large
frame pieces are less needed and the weight of frame parts handled in the
manufacture of pieces is held moderate. Because the casting of the frame may. be :

_ realized in two parts the casting_may be made simpler than of one blg part. For
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smaller parts there are several alternative places for making the actual casting'

“work..

The amount of frame parts of the crusher may be considerably decreased when .
compared to a frame which comprises side plates and ends which are assembled
to each other with bolt joints. The amount of machined surface may be considered
as small in the preferred embodiments of the p'resent invention. The weight of the
frame may be decreased even with a fifth when compared to frames equipped wrth}

--extending pins and joined with bolt joints.

In some embodiments of the frame of the jaw crusher the after—tightening problem™
of bolts may be considerably avoided. In som_e'embodiments of the frame of the

jaw crusher frefting fatigue problems are eliminated.

A fork-pin joint may be gotten gapless. Because the joint may be placed in the
middle area of the side walls of the frame haif of the “amount of pins of some |
solutions is needed in which solutions side plates and ends are assembled to each
other with bolt joints. In some embodiments of the present invention the pin may
be considered as a beam with two supports and not as a cantilever beam
according to known steel cast pins wherein the pin may be dimensioned by its
diameter considerably smaller than known pins. In that case the hole for fork-pin
joint formed in the casting material of the frame may be formed small so that the

stress concentration in the area of the pin hole may be gotten low. In queStion isa -

situation defined to be dimensionally static wherein the pins, the fork eye and the
tongue may be analytically dimensioned to correspond the load of the crushing
event. The amount of fatigue critical places oi joints‘ of the frame may be
decreased and the influence of friction may be consrdered to be small. Pin jomts

are easy to mount. Pins may be replaced easuy

Fatigue resistance of j joming parts such as bolts and pins may be improved when
compared to many known solutions because material wrth a -better fatigue
resistance than of steel casting material may be chosen as material for joining
parts. The pin may be made, for example, of screw material. Ot_her- advantages
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‘come up in the following description and in claims.

' Different embodiments of the present invention will be illustrated or (h'ave been

illustrated only in combination with one or some aspects of the invention. A person

skilled in the art understands, that any embodiment of one aspect of the invention

may be applied in the same aspect of the invention and in other aspects alone or
as a combination with other embodiments._ |

- " BRIEF DESCRIPTION OF THE DRAWINGS
10 | )
The invention will be described, by way of exémple, with reference to the

accombanying schematical d'rawin'gs, in which:

| Fig. 1 shows a side view of a crushing plant which is suitable for crushing mineral

material,

Fig. 2 shows a side view of a first frame of a jaw crusher which comprises two
parts which are connected to each other with flange joints;

Fig. 3 shows the frame of Fig. 2 which may be equipped with adjusting wedges
adaptable in connection with flange joints in order to adjust the feed opening and
the jaw angle;

Fig. 4 shows the frame of Fig. 2 equipped with adjusting wedges which are
mounted in an upside-down position compared to Fig. 3;

Fig. 5 shows a side view of a second embodiment of a frame of a jaw crusher
which comprises a front part and a rear part which are connected to each other
with fork-pin joints; }. |
Fig. 6 shows a side view of frame parts of Fig. 5 apart from each other,;

Fig. 7 shows a side view of parts of Flg 6,

Fig. 8 shows a third frame of a jaw crusher of WhICh front part and rear part are
connected to each other with fork-pin joints;

: Flg ‘9 shows a preferable front end of a front part of a frame- of a jaw crusher

which front end has a curved honzontal cross section; and
Fig. 10 shows the front end of Fig. 9 depicted from inside the frame and equnpped _
with attaching ﬂanges located in side walls. '
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DETAILED DESCRIPTION

In the following description, like numbers denote like elements. It should be
appreciated that the illustrated drawings are not entirely in scale, and that the
drawings mainly serve the purpose of illustratihg embodiments of the invention.

"Fig. 1 shows a processing apparatus of minéral material, crushing plant 200 which
_comprises a jaw crusher 100. Crushing plant 200 has a feeder 103 for feeding -

material to the jaw crusher 100 and a belt conveyor 106 for conveylng crushed :

product away off from the crushlng plant.

The belt conveyor 106 presented in Fig. 1 comprises a belt 107 which is adapted
to run at least around one drum 108. The c'rushing plant 200 also comprises a

_power source and a control center 105 The power source may be, for example, a . -

diesel motor or an electric motor which offers energy for use of process units and

hydraulic circuits.

The feeder 103, the crusher 100, power source 105 and conveyor 106 are
attached to a frame 101 of the crushing plant which additionally comprises in this
embodiment an track chassis 102 for moving the crushing plant 200. The crushing
plant may also be completely or partially wheel based or movable on legs.
Alternatively it may be movable/towable with the help of, for example, a truck or

another external power source.

The mineral material may be, for example, mined stone of it may be demolition
waste of a building such as concrete or bricks etc. In addition to the presented the

crushing plant may also be a fixed crushing plant.

Embodiments of a frame 1 of the jaw crusher 100 prese.nted with t_he help of Figs.
2 to 4 may be used, for example, in the crushing plant 200 of Fig. 1. The frame

- 101 of the crushing plant may be configured to receive the mass of the frame 1

which may be even 20% lower than of known frames of crushers. Thus, the
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structure of the frame 101 of the crushing plani may be made lighter due to
tolerénce need' of smaller load so that a cheaper structure of a crushing plant is
achieved. The frame 1 comprises two parts, a front part 10 and a rear part 20. The
front part 10 comprises a front wall 11 and side_walls' 12 attached to ihe front wall.
The rear part 20 comprises rear side walls 21 and structure parts (not shown)

. attached to the rear side walls and holding rear side walls 21 attached to each
“other, which structure parts may be utilized, for example, for arranging support to a
lower part of a moving jaw and, i.a., attaching a hydraulic cylihder. Because the.

structure parts holding the rear side walls 21 attached to each other may be
casted to the side walls during the manufacturing there is no need for separate
screw or nut attachment to the rear side walls 21 th'at decrease_s the amount of

parls of a frame 3 and the amount of machined surface. |

In the front part 10 in Figs. 2 to 4 are presented ribs 18 in the longitudal direction

of the frame 1, which ribs preferably are casted to the side walls 12, and ribs 17 in
the transverse direction to the'frame which préferably are casted to the frbnt wall
11. Equally well, ribs in the longitudal and transverse direction may also be in
applicable places of the rear part 20 where rigidity is reqdired from the structure.
Manufacturing the ribs by casting to the front and/or rear part in one and the same
manufacturing phase is preferable when material may be placed to desired places
of stress concentration. Especially, transversal ribs 17 manufactured to the front
wall 11 of the front part 10 stiffen the structure of the front wall 11 for receiving
crushihg force directed outwards from the inside of the throat. The positiohing of -
stiffening ribs 'prese‘rited in Figs. 2to 4 is Oné~exémple for the location énd the
amount of stiffeners but the exémple shall not be understood as one limiting the
invention. Locations ahd arh_ounts of the ribs 17,18 may be chosen ina way

suitable for the crushing event.

A feed opemng 2 in the frame 1 for mmeral material and a throat under the feed
opening 2 are malnly located in the area of the front part 10. The front part 10

forms at least the main part of the structure of the fixed jaw of the crusher 100 and

a wear plate (not shown) mountable to the fixed jaw may be attached inside the.
front wall 11 of the front part 10. Preferably the rear part 20 receives an eccentric
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shaft (not shown) which forms a power transmission connection to the moving jaw

of the crusher 100. A placing location of the eccentric shaft is denoted with 22.

Bearings of the eccentric shaft may be attached to recesses 23 formed to the

'upper edges of the rear side walls 21.

The front part 10 and the rear part 20 are attached to each other with flange joints

3 which preferably are on sides’of the frame 1. Flange joints may also be called

flange-screw joints 3 in preferred embodiments in whig:h the front part and the rear

- part are attach"ed to each other by tightening sc_rewé 4 having influence on the -

flanges. In flange-screw joints 3 crushing force of the crusher is transmitted in the

direction of the screws 4 so that  crushing force is tension and not shear which

occurs in commonly used frames of jaw crushers and is transmitted by pins.

- Preferably at least the front part 10 or"the rear part 20 are manufactured by caéting

to-a single piece. More preferably both parts are made by casting.

In 'ﬂange joints 3 flanges are formed to the front part 10 and rear part 20 of the

. frame 1 which flanges preferably are directed outside the frame 1 when viewed

from the direction of the throat of the crusher. Preferably the flanges are
perpendicular with respect to the side walls 12 and the rear side walls 21. The
flanges may be unitary or consist of at least two flanges next to each other along
the flange joint 3 on both sides of the frame 1. Flanges are presented as unitary in
the embodiments of Figs. 2 to 4. Flanges 14 of the front part 10 connect to rear
parts of the longitudal ribs 18. The flanges comprise holes in which screws 4 may

" be mountéd.

‘I;he front part 10 of the frame 1 coniprises first flanges 14 in veriical rear edges 13 |
of the side walls 12 and,_the rear part 20 Comprise_s Secbnd flanges 25 in vértic_al
front edges_ 24 of the reaf side walls 22. The first flanges 14 are directed preferably
6utWards from the vertical rear edges 13 of the side wélls 12. The second flanges
25 .are directed preferably outwards from the vertical front edges 24 of the rear
side walls 21 Thus, the flange joints 3 are preferably arranged on the sides of thé
frame 1 and measures which take place for attachment and/or adjustment of the



10

15

20

25

30

WO 2011/036332 - PCT/F12009/050769

12
front and’ rear part such as mounting screws 4 thro_ugh holes of the first flanges 14
and the second flanges 25, tightening of the screws 4 and optional adjusting of the

- feed opening 2 and/or the jaw ahgle to be éXplained later can be‘_‘made from

'outside the frame 1. Preferably the uppe"r édge of the front part 10 defines the
major part of the outer edge of the feed opening 2. ' '

~ Intermediate plates are attached in Figs. 2 to 4 between the first flanges 14 and

the second ‘ﬂanges' 25 which flanges are located __o_nvbo_th sides. of the frame 1 of
the crusher. Naturally, the frame 1 may also be assembled without said
intermediate plates. Préferably the intermediate platés comprise one piece but
they may also form of at least two successive pieces. Intermediate plates rﬁay "als‘o‘
be attached more than one, one upon another, in the tightening diréction of the

' screws 4 although, due to simplicity, only one intermediate plate is presented in

the figures at the same time.

Fig. 2 presents an intermediate plate 5 with equal thickness and Figs. 3'and 4
present a wedge-like intermediate plate or adjusting wedge 6 between parts of the

frame 1. The intermediate plates 5; 6 are attached between the front part 10 and

the rear part 20 so that the surfaces of the intermediate plates position themselves
against a rear surface 13 of the front part 10 and a front surface 24 of the rear part-
20. The thickness of the intermediate plate 5 presented in Fig. 2 may be changed,_
for example, to correspond conceming crushing conditions. With- the help of an

~ upwards expanding adjusting wedge 6 presented in Fig. 3 the jaw angle may, for
‘example, be increased when compared to the case of Fig. 2. With the help of a

downwards expanding adjusting wedge 6 presented in Fig. 4 the jaw angle may,
for example, be increased when compared to cases of Figs. 2 and 3. The

- adjusting wedge 6 may be tumed to an upside-_down position that has been

illustrated with the help of Figs. 3 and 4.

Intermediate plates 5 and 6 have holes and/or recesses for enabling passing -
through of screws 4 in places corresponding the locations of the screws 4 and the

attaching flanges.
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By mounting intermediate plates S with different thicknesses to the frame 1 the

snze of the feed opening and the size of the throat may be adjusted. With the help |

of the adjustlng wedges 6 the size of the feed openmg 2, the size of the throatand

the jaw angle may be adjusted Thus, ‘with the same parts 10, 20 of the frame 1
throats of the crusher suitable for dlfferent crushing applications and crushlng ‘
conditions may be created, for example, by changing different intermediate plates
5, 6 between the parts of the frame 1 or by turning the 'adjusting wedges 6 into a
different position or by mounting several intermediate plates 5 and/or adjusting

~ wedges 6 one upon another. The adjusting Wedges 6 weigh less when compared

to known adjustment plates of the jaw angle, and the manufacture of the adjusting'
wedges 6 is cheaper, Handling'of the adjusting wedges 6 is easier than ofl_gnoWn'
adjustment plates of the jaw angle due to their smaller weight. The size of the feed .

| .opening 2 of tne rf,rame 1 may be, if needed, increased or decreased acc,o'rding to -

applicatlons and, additionally, the jaw angle may be increased or decreased. Thus,

”eptimal crushing features may cost-effectively be created with one frame 1 and the

crusher may be adjusted more powerful, if needed.

Preferably base plates (not shown in Figs.) are mounted under the nuts of the -
screws 4. The base plates may be individual for .each screw 4. Preferably the base
plates are equipped with at least two holes and/or recesses for several screws.
Thus, i.a., eventual turning of the base plate in a wrong position, that is a -
disadvantage of single base plates, and distortion of the screw 4 or its remaining
loosen when tightening may be avoided. With the distribution of screws in Figs. 2
to 4 each base plate-may comprise, for example, three holes. In cases of Figs. 3
and 4 when the adjusting wedge 6 is used the base plate mayvalso, be by its form
wedge-like in the ceu'nter direction of the wedge form of the adjusting wedge. With -
the wedge-like form of the base plate it can be assured that the Iower"sufface of

- the nut touches evenly the surface of the base plate and the screw 4 does not

deform when tightened. The base plate may comprise one surface seating against
the nut or the base plate may be equipped with a step-like form comprising many

_surfaces directed against the nut
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The front part 10 may be attached, for example, to the frame 101 of the crushing
plant with the help of supporting legs. Preferably wedge—|ike interrnediate pieces .
are mounted between the front part 10 inclinable with the help of the adjustlng
wedge 6 and the supportlng legs and wedge-llke base plates in connection to

attaching screws of the supporting Iegs respectively. Preferably the form of these

wedge-like intermediate pleces and base plates follow by their angle dlmenSIomng
the dimensioning of the adjustmg wedges 6.

Embodiments of a frame 30 of the jaw crusher 100 presented with the help of Figs.
5 to 8 may -be used, for example, in the crushing plant 200 of Fig. 1. The frame -
101 of the crushing plant may be configured to receive the mass of the frame 30

~which 'may be even 20% lower than of known frames of crushers. Thus, the

structure of the frame 101 of the crushlng plant may be made hghter due to -
tolerance need of smaller load so that a cheaper structure of a crushing plant is
achieved. The frame 30 comprises two parts, a front part 310 and a rear part 320.

“The front part 310 comprises a front wall 311 and sidewalls 312 attached to the

front wall. The rear part 320 comprises rear side walls 321 and structure parts 322
attached to the rear side walls and holding rear side walls 321 attached to each
other at a distance, which structure parts may be utilized, for example, for
arranging support to the lower part of the moving jaw and, i.a., attaching a
hydraulic cylinder. There may be several structure parts 322 one upon another in
vertical. direction of the rear part 320. The structure part 322 is a plate structure
manufactured preferably by casting. In the area between the casted structure parts
322 there may be plate structures and/or rib structures manufactured by castmg'
which connect the structure ‘parts 322. ' ’

Because the structure parts 322 may be casted during manufacture from their

‘ends to the rear side walls 321 there is no need for separate screw or nut
attachment in the attachment of the structure parts 322 to the rear side walls 321

that decreases the amount of parts of the frame 30 and the amount of machlned
surface. Additionally, there is no need for after—tlghtenmg of nuts or bolts and the .
fretting fatigue is not a problem. The frame 30 may be manufactured lighter than -

~ known frames because the amount of joints connecting parts of the frame 30 is
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small. Due to the small amount of joints the amount of machined surface can be

~ gotten low.

~In the frame 30 the feed opening 2 for mineral material and the throat under the

feed opening 2 are mainly located in the area of the front part 310. Movable
crushing jaw (not shown), particularly mounting of the'upper end of the crushing -
jaw and the eccentric shaft (not shown) are mainly located in the area of the rear

~ part 320 accordmg to some preferred embodiments. The front part 310 forms at
' least the main part of the structure of the fixed jaw of the crusher 100 and a

weanng plate (not shown) mountable to the fixed jaw may be attached inside the
front wall 311 of the front part 310. Preferably the r_eér part 320 receives the
eccentric shaft (not shown) which forms a power transmission connection to the
moving jaw of the crusher 100. A placing location of the eccentric shaft is denoted

“with 22. Beanngs of the eccentric shaft may be attached to recesses 23 formed to -

the upper edges of the rear side walls 321.

In embodiments of Figs. 5 to 8 the front part 310 and the rear part 320 are
attached to each other with forképin joints 33 whic.h are preferably on the sides of
the frame 30. The front part 310 and/or the rear part 320 comprises in the side wall
a fork-like joint part or fork 314; 324 (a fork eye) which comprises a pin hole 34 for
a pin 35. The front part 310 and/or the rear part 320 comprises in its rear side wall
a tongue 316; 326 (an eye) adaptable between the walls of the fork 324: 314.
Each tongue 316; 326 comprises a pin hole 34 for a pin 35, correspondingly. For
attaching the front part 310 to the rear part 320 pins 35 are mounted to the pin
holes 34 after mounting tongues 316; 326 in between the forks 324; 314.
Naturally, in between the walls of the fork located in one part of the frame 30 a fork
structure can be arranged Iocated in second part of the frame as a counter joint
plece.whlch may thus be an optional embodiment instead of the tongue.

'l.ocatlon of the forks and the tbl'lgues of the fork-pin joints 33 in the front part 310

and the rear pa'.rt 320 may be realized in many alternative ways. Preferably on

both sides of the frame 30 there are two fork-pin joints 33. Preferably the fork-pin

joints 33 are on the middle area of the side walls 312, 321. In some embodiments
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the forks and the tongues are plate structures directed along the walls 312; 321 of
_ the front part 310 and the rear part 320 (Flgs 5to 7). In some embodlments the
- frame 30 compnses on |ts both sides an upper and a lower fork-pln jomt 33.
‘According to some embodrments the fork and the tongue of at least one fork-pin -

joint 33 in the frame 30 are arranged to plate structures which deviate from the -
direction of the walls 312; 321 of the front part 310 and rear part 320 (Fig. 8). In -
some embodiments the forks are in the front part and the tongues are in the rear

_part in some embodlments the forks are |n the rear part and the tongues are in

the front part

In the embodiments shown in Figs. 5 to 8 the frame 30 comprises on its both sides
an upper and a lower fork-pin joint 33. Preferably the forks and the tongues are
casted as one umtary plece with the respective other structure of the front part and
the rear part ' ’

In the embodiments shown in Figs. 5 to 8 forks 324 directed towards the front part
310 are formed in the upper portions of the rear side walls 321 of the rear part 320
which forks are formed of vertical walls 325 at a distance of another. The side wall
312 on both sides of the front part 310 is formed at its upper portion to be
arranged in between the walls 325 of the forks 324 at both sides of the rear part
320.

The lower fork-pin joints 33 are located in an inverse direction with respect to the
upper fork-pin jomts 33 in Figs. 5 to 7. Forks 314 directed towards the rear part
320 are formed in Iower portions of the snde walls 312 of the front part 310 whlch_
forks are formed of vertical walls 315 at a distance of another. The side wall 321
on both sides of the rear part 320 is formed at its lower portion to be arranged in

~ between the walls 315 of the forks 314 at both sides of the front part 310.

The upper'fork-ptn joint 33 in Fig. 8 is shown as having respective featu're‘s as the

- upper fork-pin joint 33 in Figs. 5 to 7. in the lower fork-pin joints 33’ the Vfork_s_ and

the tongues are on.same sides of the joint as in the upper fork-pin joints 33. In Fig. .
8 a frame 30 is _shown where the forks and the tongues of the lower fork-pin joint -
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- 33 are arranged as plate structures deviating from the direction of the walls 312;
321 of the front part 310 and the rear part 320.

_}"'The front part 310 cbmprises, in Fig. 8, a horizontal tongue 316’ which is mounted

in betweén the walls 325' of an also horizontal fork 324’ located in the rear part
320. The tongue 316’ is manufactured of a plate structure which preferably
belongs to the casted piece of the front part. The tongue 316’ is connected to the
side wall 312 of the fréme 30 preferabiy via a plate structured rib 318. The rib 318
is preferably directed along the length of the frame. The rib 318 located in the side
wall preferably continues as a transverse directed rib 319 6f the front part 310. The
transverse rib 319 continues unitary to the side wall at the other side of the front
part, respectively. Thus, a unitary rib structure 318-319-318 is formed in the front

- part310 whiC_h connects the tongues 316’ at both sides of the front part 310.

The rear part 320 comprises, in Fig. 8, a horizontal fork '324’ which - is
manufactured of a plate structure which belongs preferably to the casted piece of
the rear part 320. The fork 324’ is connected to the rear side wall 321 of the frame
30 preferably via a plate structured rib 328. The rib 328 is preferably directed
along the length of the frame. The rib 328 located in the rear side wall may.
continue in a way comparable with the front part passing by-behind the rear pért,
for example, outside the rear part or join the plate part 322. The ribs 318, 319 and
328 form structures which stiffen the frame 30.

In the fork-pin joints 33 of Figures 5 to 8 crushing force is received as shear force
which is directed to the pins. The fork-pin joint 33 may be gotten gapless, for
example, by forming the fit between the pin 35 and the holes 34 as an interference
fit. Because the joint ié in the middle on the frame and not in the ends of the frame
half of the amount of pins of some known solutions is needed. The upper and
lower holes 34 may be arranged in such a place 'where a fatigue/stress
concentration is created when the crusher is loaded in different locations. A
probable location of the fatigue/streSs conc.:entration'can be evaluated when the
frame and forces affecting the frame are modelled in the‘desigh phase of the
frame. In this v.vay,v-the place in material of the side walls of the frame which is
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under the highest load can be replaced_with ':lhe pin joint which has a suitable

‘diameter, and the probability for creating a erack which leads to a damege may be

‘decreased.

The pin 35 may be considered as a beam with two supports and »not as a
cantilever beam according to known steel cast pins wherein the pin 35 may be

- dimensioned by its diameter considerably smaller t_han known pins. In that case _,

the hole 34 for fork-pin joint formed in the casting material of the frame 30 may be
formed small so that the s'tress concentration is lower. In qUestion is a s‘ituation-
defined to be dimensionally static wherein pins 35 and the fork eye 314, 324, 324

| and the tongue 316, 316', 326 may be analytlcally drmensroned to correspond the
load of the crushing event. There are rather fatigue critical places in the joints of o

the frame 30 and the influence of friction may be considered to be small. Fork-pin
joints 33 are easy to mount. Pins 35 may be replaced eeSin ’Heads of the pins 35
may, for example be sunk in the material of the walls of the forks and attached

wzth a nut.

Preferably at least the side walls of the front part 310 or the rear part 320 are
connected by casting to a single piece. More preferably the front part 310 and the
rear part 320 are made by casting. '

According to some embodiments a front part and a rear part of a frame of a jaw
crusher are connected to each other with welding joints which connect a side wall
and a rear S|de wall on’ both sides of the frame. The weldmg joint comprlses ¥

preferably at least one weldlng seam with which the side wall and the rear svlde L

wall are connected to each other, for instance, end to end or lapped. The welding -
joint may be located at ther_mvi‘ddle of the side wall area, for example, at an easy
accessible location which is suitable for the manufacturing, ‘however, so that the

Aeventually' identified stress concentration is not located in the location of the

welding joint. The welding joint located in the middie of the side wall area is in an
easy place with 'reSpect to the quality assurance and finalizing of the welding.
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'_ In the embodiments shown in Figs. 5to 8 the front wall 311 of the front part 310 is

preferably formed by castingto a umtary piece wrth the Slde walls 312, wherein the-
surface to be machined and attachmg bolts may be decreased and the shear pins
of the front and rear walls may be avoided. Stiffeners.317 may be manufactured in
connectlon with the front wall 311 in suitable locations which stiffeners receive with
the front wall 311 forces of the crushing event. Stiffeners 317 are amanged

‘preferably many upon another with suitable distances outside the front wall 311.

The stiffeners 317 are preferably plate-like or rib-like.

The frent end of the frame of the jaw crusher shown in Fig. 9 may be arranged, for
instance, to the front wall of the front part 10; 310 of the frame 1; 30 of the jaw
crusher 100. Due to the curved form of the front wall 411 the front end will bear
crushing forces present in the crushlng event also in the dlrectlon of the pIate
structure of the front wall 411 wherein a membrane stress condition is present in
the curved plate of the front wall 411. The membrane - stress is transferred as
tensioh stress trom-'the front wall located in the front end to the side walls 412 )
when the side walls 412 and the front wall 411 are connected fixed to each other.

The.front wall 411 and the side walls 412 become a unitary form during
manufacturing, preferably by casting. Then the frame 1; 30 gets lighter because

the known bolt joints are left away.

Horizontal ribs 427 and vertical ribs 428 which are inside the front wall 411 and
arrangeable against the wear plate 50 (shown with dashed lines) of the fixed jaw
of the jaw crusher transfer load of the crushing force to the curved shell structure
of the front wall 411. The horizontal ribs 427 and the vertical ribs 428 join with their
material to the front wall 411 and form a so called book case structure which has

- as a so called rear wall the curved shell structure of the front wall 411 The curved

shell structure of the front wall 411 bears load also in the direction of itself. A
curvature of the front end formed of the froht wall 411 and ribs 427. 428 decreases
bendving strain of the front part 10; 310, particularly in the connecting areas of the
front wall 411 and the side walls 412. The front part of the frame 10; 310 which is
formed pressure vessel-like will be lighter because bending strain can be changed
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to-membrane stresses which are dlrected -along the shell of the front part 10; 310.

The side walls 412 form a unltary pnece of the shell 412—411-412 which does not..
have any joints between different pleces

Fig. 10 shows one example of the front end of Fig. 9 depicted from inside the
frame 1 of the jaw crusher 100 to forward direction. The front end of the frame 1 is
equipped With flanges 414 located in the side walls 412 in the example of Fig. 10.
The front end may'be uéed for example as the front part 10 of the frame 1 shown

“in Figs. 2 to 4. The front end of Fig: 9 may also be arranged to the front part of any” .

frame 310 shown in Figs. 5 to 8 wherein the front end formed by the front wall 412
and the inside ribs 427, 428 is formed to a single plece with forks and/or tongues

comprised by the side walls.

-The front part 10 of Fig. 10 is detachable from the rear part of the frame Hahd

attachable to the rear part with the flange-screw joint. The front part may be
replaced and/or position of the front part nay be adjusted in fashions described v

» é_bove_ in the description for different crushing circumstances or because of slitting

or maintenance.

Outside ribs 418 which are located outside the front wall 411 in the longitudal
direction of the frame and optional for the front end which ribs preferably are
casted to a unitary piéce with the side walls 412; and outside ribs 417 which ’a_re .
located outside the front wall 411 in the longitudal direction of the frame and
optional for the front end which ribs preferably are casted to a unitary piece with
the front wall 411 are shown in Figs. 9 and 10 with dashed lines. Manufacturing
the ribs by casting is preferred in the same manufacturing phase wherein material
may be plaCed to desired places of stress concentration. Particularly, transversal

curved ribs 417 manufactured to the front wall 411 of the front part stiffen the |

structure of the front wall 411 for receiving part of the crushing force directed

~ outwards from the inside of the throat. The positioning of stiffening ribs 417, 418,

427, 428 presented in Figs. 9 and 10 is one example for possible location and
amount of stiffeners but the example shall not be understood as one limiting the
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invention. Locations and amounts of the ribs may be chosen in a way suitable for

- the crushing event.

In Fig. 10, the flanges 414 are directed outside the front end when viewed from the

_ direction of the throat of the crusher. The flanges 414 are un‘itary from above along

the length of the side walls 412 of the front end and preferably perpendicular with
respect to the S|de walls 412 and directed outwards from the vertical rear edges of
the side walls 412, Preferably the ﬂanges 414 are connected to rear parts of the |
longitudal. stlffemng ribs 418 which stiffen the side walls 412. The flanges 414'
comprise holes 44 in Wthh screws 4 may be mounted in a fashion described in
Figs._ 2 to 4 for att‘aching the front part 10 to the rear part of the frame.
Intermediate -plates such as adjusting wedges may be mounted " against the
flanges 414 for adjusting the angle position of the front part 10 relative the rear
part of the frame 1 such 'as is shown in connection with Figs. 2 to 4. Mounting of
screws 4 and desired base plates for attachment and/or adjusfment of the front
and rear parts of the frame takes place at the sides of the frame 10.

The foregoing description provides non-limiting examples of some embodiments of .
the invention. It is clear to a person skilled in the art that the invention is not
restricted to details presented, but that the invention. can be implemented in other

equivalent means.

Some of the features of the above-disclosed embodiments may be used to
advantage without the use of other features. As such, the foregoing description
shall be considered as merely illustrative of the pnncnples of the invention, and not
in limitation thereof Hence, the scope of the invention is only restncted by the

appended patent clalms
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CLAIMS

1. Front end (10 310) of a frame (1; 30) of a jaw crusher (100) which front end
comprlses a curved front wall (411) for receiving crushmg force, characterized |n‘
that the front end (10 310) compnses an inner b structure (427, 428, 417 418)
formed to the curved front wall (411). |

2. Front end of a frame of a jaw crusher according to claim 1, characterized |

* in that the front end (10 310) comprises side wall parts (412) of the frame (1; 30)

which are connected t" xed to the. curved front wall (411) via which side wall parts
the front end |s detachably Jomable to a remainder part of the frame of the jaw, N

crusher

3. ‘Front end of a frame of a jaw crusher according to claim 1 or 2,
characterized in that the front end (10; 310) comprises joining crgans in the s‘ide_
wall parts (412) via which joining organs the front end is detachably joinable to a

remainder part of the frame (1; 30).

4. Front end of a frame of a jaw crusher according to any of claims 1 to 3,
characterized in that the front end (10; 310) comprises at least one first flange
(414) in both side wall parts (12; 312; 412) for a flange-screw joint (3) to be

- realized with a remainder part of the frame (1; 30).

5. Front end of a’frarhe of a. jaw crusher according to any of claims 1‘ to 4,'
characterized in that the inner rib structure (427, 428) is adapted to receive a

rear surface of a wear plate of the jaw crusher (100).

6. Front end of a frame of a jaw crusher according to any of claims 1 to 5,

characterized in that the front end (10; 31 0) comprises a rib structure (417 418)

outside the front wall (41 1)

7. Front end of a frame of a jaw crusher acccrding to any of claims 1 to 6,
characterized in that the rib structure (427, 428, 417, 418) comprises horizontal
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ribs and/or-vertical ribs.

8. Front end of a frame ofa jaw crusher according to-any of CIQa'ir,r.!»s 1107,

_characterized in that the inner rib structure (427, 428) of the _frorit.wall (411)

comprises horizontal ribs (427) and vertical ribs (428) and the vertical ribs (428)
connect horizontal ribs (427) being one upon another.

9. Front end of a f_rame' of a jaw_ crusher according to any of claims 1 to 8
characterized in that the front end (10; 310) is manufactured by casting to a

unitary piece. .

10.Front end of a frame of a jaw crusher according to any of claims 1t0.9, =
characte’tized‘ in that .the:_fmnt end (10; 310) comprises in both side walls (12,
312; 412) at least one_fofk (314) or at least one tongue (316) whichv'comp'risev pin
holes (34) fora pin (35)ﬁ for a fork-pin joint (33) to be realized with a remaining part

'oftheframe(1;.30). _

11.Jaw crusher (100) for crushing minérai material which comprises a frame
(1; 30), characterized in that the frame (1; 30) comprises a front end (10; 310)

according to any of claims 1 to 10.

12.Crushing plant (200), characterized in that the crushing plant (200)

- comprises a front end (10; 310) of a frame (1; 30) of a jaw crusher according to

any of claims 1 to 10 or a jaw crusher (100) aécording to claim 11.
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