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(57) A lift chain anchoring device for a forklift truck
has a chain anchoring member and a lift chain. The chain
anchoring member has a base portion and a chain con-
necting portion. The base portion includes a welded por-
tion by which the chain anchoring member is fixed by
welding to a side portion of each outer mast. The chain
connecting portion projects horizontally from the base

portion. One end of the lift chain is fixed to a lift bracket.
The other end of the lift chain is fixed to the chain an-
choring member. The vertical length of the base portion
is set longer than the vertical length of the chain connect-
ing portion. At least one of the top and bottom surfaces
of the chain anchoring member has an inside corner
formed between the base portion and the chain connect-
ing portion. The inside corner has an arcuate surface.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a lift chain an-
choring device and a lift chain anchoring method for a
forklift truck.

[0002] A typical example of conventional lift chain an-
choring device for a forklift truck is shown in Fig. 8. This
type of the lift chain anchoring device has a chain an-
choring member 74 connected to the side wall surface
of an outer mast 71 by welding, An inner mast 72 is pro-
vided vertically movably on the inner side of the outer
mast 71. A lift bracket (not shown) is provided so as to
be raised and lowered relative to the inner mast 72. The
lift chain anchoring device further has a lift chain 73
whose one end serving as a movable end is connected
to the lift bracket. The other end of the lift chain 73 serving
as afixed end is connected to the chain anchoring mem-
ber 74.

[0003] The chain anchoring member 74 is welded to
the outer mast 71 adjacent to the top end thereof. The
chain anchoring member 74 includes a welded portion
74A welded to the outer mast 71, and a chain connecting
portion 74B for connecting the lift chain 73. The chain
anchoring member 74 is fixed to the side wall surface of
the outer mast 71, and extends therefrom around the rear
side of the outer mast 71, protruding horizontally out-
wardly. A headstay 75 is provided to connect the opposite
outer masts 71 each other at positions adjacent to the
top ends thereof. A reinforcing rib 76 is provided between
the headstay 75 and the chain anchoring member 74.
[0004] An upward load acts on the chain anchoring
member 74 to lift the chain anchoring member 74 through
the lift chain 73. A part of the upward load is transmitted
to the headstay 75 through the reinforcing rib 76, thereby
reducing the stress concentration in the welded portion
T4A.

[0005] Asanotherbackground art, atie beam structure
of outer masts of a forklift truck is known as disclosed in
Japanese Patent Application Publication No.
2004-210500. In this background art, support plates are
welded to side wall surfaces of the paired outer masts,
respectively. The support plate has a projecting portion
extending from the rear wall of the outer mast. The pro-
jecting portion is formed integrally with a chain anchoring
plate having alift chain connecting portion. A cross beam
is provided for connecting the projecting portions of the
paired support plates.

[0006] Asyetanother background art, a chain anchor-
ing device for a forklift truck is disclosed in Japanese
Patent Application Publication No. 7-228496. This chain
anchoring device has a chain anchoring plate mounted
to the outer mast by a bolt. The chain anchoring plate is
made of a bent plate. The chain anchoring plate is fixed
to the rear wall surface of the outer mast such that the
width of the chain anchoring plate extends in the vertical
direction of the rear surface of the outer mast. One end
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of the chain anchoring plate extends along the front and
inner surfaces of the lift cylinder located rearward of the
mast at a predetermined interval from the front and inner
surfaces of the lift cylinder.

[0007] The one end of the chain anchoring plate has
aconnecting portion for fixing an anchor bolt of alift chain.
More specifically, the connecting portion at the one end
of the chain anchoring plate is fixed to a vertical inner
surface of the chain anchoring plate by welding. The ver-
tical length of the connecting portion is set shorter than
the vertical length of the one end of the chain anchoring
plate. The connecting portion is located with its top sur-
face positioned lower than the top surface of the one end
of the chain anchoring plate. The rear surface of the one
end of the chain anchoring plate forms an inside right-
angle corner with the top surface of the connecting por-
tion. The other end of the chain anchoring plate is pro-
vided with a substantially L-shaped stop portion extend-
ing around the outer surface of the mast in contact there-
with.

[0008] Inthe background art shown in Fig. 8, the rein-
forcing rib 76 is needed to reduce the stress concentra-
tion in the welded portion 74A. Providing the reinforcing
rib 76, the chain anchoring member 74 will inevitably in-
crease its horizontal projection, and the number of the
parts necessary for the lift chain anchoring device will be
increased.

[0009] The lift chain anchoring device in the back-
ground artdisclosed in Japanese Patent Application Pub-
lication No. 2004-210500 requires not only the chain an-
choring plate, but also a support plate. Thus, the number
of the parts for the lift chain anchoring device has little
difference from the number of the parts for the lift chain
anchoring device in the background art of Fig. 8. That is,
the background art of Japanese Patent Application Pub-
lication No. 2004-210500 has the same problem in in-
creased number of parts as the background art of Fig. 8.
[0010] The background art shown in Japanese Patent
Application Publication No. 7-228496 has a problem of
stress concentration. If aload acts on the chain anchoring
plate through the lift chain, high stress concentrates in
the vicinity of the inside corner between the rear surface
of the aforementioned one end and the top surface of the
connecting portion. According to this type of background
art, an excessive stress concentration tends to occur in
a specific portion of the chain anchoring plate. The chain
anchoring plate of Japanese Patent Application Publica-
tion No. 7-228496 has no such a shape that can avoid
the excessive stress concentration in a specific portion
of the chain anchoring plate. Moreover, in this type of lift
chain anchoring device, the bolts to fix the chain anchor-
ing plate to the outer mast may be loosened as a result
of repeated use of the forklift truck over the years.
[0011] The present invention is directed to a lift chain
anchoring device and method for fixing a lift chain an-
choring device for a forklift truck that avoid an excessive
stress concentration in a specific portion of the chain an-
choring member and also reduce the stress in the welded
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portion.
SUMMARY OF THE INVENTION

[0012] In accordance with an aspect of the present in-
vention, a lift chain anchoring device for a forklift truck
has a mast mechanism, a chain anchoring member and
a lift chain. The mast mechanism has outer masts, inner
masts and a lift bracket which is operable to be raised
and lowered relative to the mast mechanism. The chain
anchoring member has a base portion and a chain con-
necting portion. The base portion includes a welded por-
tion by which the chain anchoring member is fixed by
welding to a side portion of each outer mast. The chain
connecting portion projects horizontally from the base
portion. One end of the lift chain is fixed to the lift bracket.
The other end of the lift chain is fixed to the chain an-
choring member. The vertical length of the base portion
is setlonger than the vertical length of the chain connect-
ing portion. At least one of the top and bottom surfaces
of the chain anchoring member has an inside corner
formed between the base portion and the chain connect-
ing portion. The inside corner has an arcuate surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

Fig. 1 is a perspective view showing a lift chain an-
choring device according to a first preferred embod-
iment;

Fig. 2 is a plan view showing the lift chain anchoring
device according to the first preferred embodiment:

Fig. 3 is a fragmentary enlarged side view showing
the lift chain anchoring device according to the first
preferred embodiment;

Fig. 4 is a fragmentary enlarged side view showing
the lift chain anchoring device according to a second
preferred embodiment;

Fig. 5 is a fragmentary enlarged side view showing
the lift chain anchoring device according to a third
preferred embodiment;

Fig. 6 is a fragmentary enlarged side view showing
the lift chain anchoring device according to a fourth

preferred embodiment;

Fig. 7 is a fragmentary enlarged side view showing
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the lift chain anchoring device according to a fifth
preferred embodiment; and

Fig. 8 is a perspective view showing the lift chain
anchoring device of the background art.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] The following will describe the first preferred
embodiment of the present invention with reference to
Figs. 1 through 3.

[0015] The lift chain anchoring device for a forklift truck
according to the first preferred embodiment (hereinafter
referred to merely as "lift chain anchoring device") is a
device for anchoring the lift chain of the forklift truck. The
forklift truck has a mast mechanism 11. Referring to Fig.
1, the mast mechanism 11 includes a pair of outer masts
12. The outer masts 12 form a part of the mast mecha-
nism 11 with a pair of inner masts 16 shown in Fig. 2. As
indicated by two arrows in opposite longitudinal direc-
tions of the forklift truck, the upper right and lower left
sides of the mast mechanism as viewed in Fig. 1 corre-
spond to the front and rear sides thereof, In the front of
the mast mechanism 11, a lift bracket (not shown) is pro-
vided, while in the rear of the mast mechanism 11, a truck
body (not shown) is provided.

[0016] Each outer mast 12 of the first preferred em-
bodimenthas a substantially L-shaped cross section, and
includes a main wall portion 13 and a rear wall portion
14. The main wall portion 13 has outer and inner surfaces
extending substantially in the longitudinal direction of the
forklift truck. The rear wall portion 14 is provided extend-
ing in the direction substantially perpendicular to the lon-
gitudinal direction of the forklift truck. The rear wall portion
14 has front and rear surfaces facing forward and rear-
ward, respectively. The outer surface of the main wall
portion 13 and the rear surface of the rear wall portion
14 correspond to the side portion of the outer mast 12.
[0017] The paired outer masts 12 are connected to
each other through a horizontally located headstay 15 at
a position adjacent to the top ends of the outer masts 12.
The ends of the headstay 15 are connected to the side
portions of the outer masts 12 by welding, respectively.
The headstay 15 having a substantially U-shape as seen
from a top view of the outer masts 12 projects rearward
of the outer masts 12.

[0018] A pair of inner masts 16 is provided inside the
outer masts 12, as shown in Fig. 2. The inner masts 16
are operable to be raised and lowered relative to the outer
masts 12. A lift cylinder (not shown) is provided adjacent
to the inner mast 16. The rod end of the lift cylinder is
connected to the inner mast 16. The inner mast 16 is
raised and lowered in accordance with the elevating mo-
tion of the lift cylinder. A chain anchoring member 20 is
fixed by welding to each outer mast 12 at a position below
the headstay 15.

[0019] The chain anchoring member 20 is composed



5 EP 2019 077 Al 6

of two portions. One is a base portion 21 fixed to the side
portion of the outer mast 12, and the other is a chain
connecting portion 22 for fixing one end of a lift chain 17.
According to the first preferred embodiment, the one end
of the lift chain 17 serving as the fixed end is connected
to the chain anchoring member 20, as shown Fig. 1. Each
lift chain 17 is turned around a chain wheel 25 located
adjacent to the top of the mast mechanism 11. The chain
wheel 25 is provided to be raised and lowered with the
inner mast 16.

[0020] The other end of the lift chain 17 serving as the
movable end is connected to the lift bracket. The lift
bracket is operable to be raised and lowered relative to
the inner mast 16. A part of the lift bracket extends to the
rear of the inner mast 16. According to the first preferred
embodiment, the fixed end of the lift chain 17 is located
behind the outer mast 12. The chain wheel 25 is disposed
so that portions of the lift chain 17 on the fixed end side
and on the movable end side with respect to the chain
wheel 25 are substantially horizontally parallel to each
other. The chain wheels 25 are disposed such that their
axes S are oriented in the longitudinal direction of the
forklift truck, as shown in Fig. 2.

[0021] For the sake of convenience of the description,
the boundary between the base portion 21 and the chain
connecting portion 22 of the chain anchoring member 20
is shown by the two-dot chain line G as shown in Fig. 3.
It is noted, however, that the base portion 21 and the
chain connecting portion 22 of the chain anchoring mem-
ber 20 are actually formed integrally, so that the boundary
between the base portion 21 and the chain connecting
portion 22 is not visible. The base portion 21 includes a
side plate portion 21 A extending along the main wall
portion 13 of the outer mast 12, and a rear plate portion
21 B extending along the rear wall portion 14. The side
plate portion 21A is formed continuously with the rear
plate portion 21B. As shown in Fig. 2, the base portion
21 has a contacting surface 21C formed therein. The
contacting surface 21C is in contact with the outer mast
12 from the surface of the main wall portion 13 to the
surface of the rear wall portion 14 of the outer mast 12.
[0022] As shown in Fig. 3, the base portion 21 has a
top surface 21 D and a bottom surface 21 E, each of
which extends horizontally over the side plate portion 21
A to the rear plate portion 21 B of the base portion 21.
The side plate portion 21A has a side end 21F facing
forward, and a welded portion 23 is formed vertically
along the side end 21F. As shown in Fig. 2, the rear plate
portion 21B has a side end 21 G facing inward, and an-
other welded portion 24 is formed vertically along the
side end 21 G of the rear plate portion 21B. The welded
portions 23, 24 of the base portion 21 have welded areas
extending vertically and substantially corresponding to
the vertical length (H1) of the base portion 21, as shown
in Fig. 3. According to the first preferred embodiment,
the welded portions 23, 24 are provided by the vertically
extending welded areas.

[0023] The welded area of the welded portion 23 is
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formed along the side end 21 F of the base portion 21,
and the welded area of the welded portion 24 is formed
along the side end 21 G of the base portion 21. The chain
anchoring members 20 are fixed to the outer masts 12
by the welded portions 23, 24, respectively. The lengths
of the welded portions 23, 24 are set such that each of
the welded portions 23, 24 has a strength enough to resist
the stress due to a load applied to the chain anchoring
member 20 through the lift chain 17. It can be said that
the vertical length (H1) of the base portion 21 is set based
on the lengths of the welded portions 23, 24 that meets
the strength requirement. In designing of the chain an-
choring member 20, the vertical length (H1) is of first
priority.

[0024] The chain connecting portion 22 of the chain
anchoring member 20 projects horizontally from the base
portion 21. In the first preferred embodiment, the chain
connecting portion 22 projects rearward from the rear
wall portion 14 of the outer mast 12. As shown in Fig. 3,
the chain connecting portion 22 has a hole 22A formed
therethrough extending vertically adjacent to the project-
ing end (or rear end) of the chain connecting portion 22.
An anchor bolt 18 is inserted through the hole 22A for
fixing the fixed end of the lift chain 17, and fixed to the
chain connecting portion 22 by two nuts 19 positioned
vertically. The vertical position of the anchor bolt 18 rel-
ative to the chain connecting portion 22 is adjustable by
loosening and tightening the nuts 19. The tension of the
lift chain 17 is adjustable by changing the vertical position
of the anchor bolt 18.

[0025] As shown in Fig. 2, the horizontal width of the
chain connecting portion 22 as measured in the width-
wise direction of the forklift truck is reduced toward the
projected end. The vertical length (H2) of the chain con-
necting portion 22 is set such that the chain connecting
portion 22 has a strength enough to resist against the
tension of the lift chain 17. The vertical length (H2) of the
chain connecting portion 22 is set irrespective of the ver-
tical length (H1) of the base portion 21, but set shorter
than the vertical length (H1) of the base portion 21. In
designing of the chain anchoring member 20, the vertical
length (H2) of the chain connecting portion 22 is of a
second priority after the vertical length (H1) of the base
portion 21. According to the first preferred embodiment,
the chain connecting portion 22 is formed such that the
top surface 22B thereof is positioned lower than the top
surface 21 D of the base portion 21, as shown in Fig. 3.
An inside corner Fa is formed on the top surface of the
chain anchoring member 20 between the top surface 22B
of the chain connecting portion 22 and a rear surface 21
H of the base portion 21. The rear surface 21 H of the
base portion 21 serves as a vertical surface on the pro-
jecting side of the base portion 21.

[0026] The inside corner Fa facing upward has an ar-
cuate surface 22C. The arcuate surface 22C is formed
by rounding the corner between the top surface 22B of
the chain connecting portion 22 and the rear surface 21
H of the base portion 21. The arcuate surface 22C serves
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as a means for avoiding excessive stress concentration
tending to occur in the inside corner Fa when the tension
of the lift chain 17 is applied to the chain anchoring mem-
ber 20. Thus, the radius of curvature of the arcuate sur-
face 22C may be set such that the excessive stress con-
centration hardly occurs in the inside corner Fa. In the
first preferred embodiment, the chain connecting portion
22 is formed such that the bottom surface 22D thereof is
positioned higher than the bottom surface 21 E of the
base portion 21, as shown in Fig. 3. Another inside corner
Fb facing downward is formed on the bottom surface of
the chain anchoring member 20 between the bottom sur-
face 22D of the chain connecting portion 22 and the rear
vertical surface 21l of the base portion 21. The inside
corner Fb has an arcuate surface 22E. The arcuate sur-
face 22E is formed by rounding the corner between the
bottom surface 22D of the chain connecting portion 22
and the rear surface 21l of the base portion 21. The ar-
cuate surface 22E of the first preferred embodiment has
substantially the same radius of curvature as the arcuate
surface 22C facing upward.

[0027] The following will describe the operation of the
lift chain anchoring device according to the first preferred
embodiment. The chain anchoring member 20 is sub-
jected to an upward load applied thereto through the lift
chain 17. Application of load to the chain anchoring mem-
ber 20 resultin generation of stress in the welded portions
23, 24. The vertical lengths of the welded portions 23, 24
are set such that the stress acts on each of the welded
portions 23, 24 may be sufficiently reduced as compared
to a known chain anchoring member. Therefore, if the
stress caused by the upward force acts on the welded
portions 23, 24, the chain anchoring member 20 may
keep anchored tightly to the outer mast 12 against the
stress caused by the upward load acting on the welded
portions 23, 24.

[0028] When the upward force acts on the chain an-
choring member 20, stress concentration occurs in the
inside corner Fa of the chain anchoring member 20.
Stress (compression stress) occurs at the inside corner
Fa in such a way that the top surface 22B of the chain
connecting portion 22 and the rear surface 21 H of the
base portion 21 are moved toward each other. Because
the inside corner Fa has the arcuate surface 22C, the
stress which causes the top surface 22B and the rear
surface 21 Hto be moved toward each other is distributed
and spread along the arcuate surface 22C of the inside
corner Fa. Since the stress in the inside corner Fa is
distributed and spread along the arcuate surface 22C,
an excessive stress concentration adjacent to the inside
corner Fa is avoided.

[0029] Stress (tensile stress) which causes the bottom
surface 22D of the chain connecting portion 22 and the
rear surface 211 of the base portion 21 to be moved away
from each other occurs in the inside corner Fb facing
downward. Since the inside corner Fb has the arcuate
surface 22E, the stress by which the bottom surface 22D
andtherear surface 211 are moved away from each other
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occurs widely along the arcuate surface 22E of the inside
corner Fb. Thus, excessive stress concentration adja-
cent to the inside corner Fb is avoided. According to the
first preferred embodiment, excessive stress concentra-
tion is avoided by the chain anchoring member 20 having
inside corners Fa, Fb.

[0030] Accordingtothefirst preferred embodiment, the
following advantageous effects are obtained.

(1) According to the lift chain anchoring device of the
first preferred embodiment, excessive stress con-
centration may be avoided by each of the inside cor-
ners Fa, Fb of the chain anchoring member 20. The
stress in the welded portions 23, 24 may be reduced
in comparison with a known chain anchoring mem-
ber.

(2) The vertical length (H1) of the base portion 21 is
set longer than the vertical length (H2) of the chain
connecting portion 22.

Thus, the vertical lengths of the welded portions 23,
24 may be increased longer than the vertical length
of the chain connecting portion 22. Since the vertical
lengths of the welded portions 23, 24 are increased
longer as compared with those in the background
art, the stress acting on the welded portions 23, 24
are reduced, accordingly.

(3) An upward force acts on the chain anchoring
member 20 through the lift chain 17. However, the
stress in the inside corners Fa, Fb are distributed
and spread along the arcuate surfaces 22C, 22E,
respectively, so that excessive stress concentration
may be avoided by each of the inside corners Fa, Fb.

(4) The lengths of the welded portions 23, 24 are set
such that the welded portions 23, 24 may resist the
stress due to an upward force applied to the chain
anchoring member 20. The length of the chain con-
necting portion 22 is set such that the chain connect-
ing portion 22 may have a strength enough to resist
the tension of the lift chain 17. Therefore, the chain
connecting portion 22 may be downsized, and an
excessive stress hardly acts on the welded portions
23, 24. The downsized chain connecting portion 22
helps to reduce the cost of material and the weight
of the mast mechanism 11.

(5) According to the lift chain anchoring device of the
first preferred embodiment, itis not necessary to pro-
vide a reinforcing rib of a known chain anchoring
member. Therefore, the number of parts of the lift
chain anchoring device may be reduced. The ab-
sence of the reinforcing rib helps to prevent the base
portion 21 of the chain anchoring member 20 from
projecting in the width direction (outward direction)
of the outer mast 12. The chain anchoring member
20 is prevented from projecting, so that the weight
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of the mast mechanism 11 may be reduced and the
forward visibility of an operator on operator’s seat
may be improved.

(6) The welded portions 23, 24 are formed vertically
along the opposite side ends of the base portion 21.
Thus, only two welded portions are required, so that
the work and time for the welding may be reduced.
The welded portions 23, 24 have welded areas cor-
responding to the vertical length of the base portion
21 formed along the side ends 21 F, 21 G, respec-
tively. Therefore, the welding is performed more eas-
ily than the welding for the conventional chain an-
choring member.

[0031] The following will describe a lift chain anchoring
device according to the second preferred embodiment
of the present invention.

[0032] The reference numerals used for the descrip-
tion of the first preferred embodiment will be used to de-
note the same or similar elements of the second preferred
embodiment, and the description of such elements will
be omitted.

[0033] As shown in Fig. 4, the second preferred em-
bodiment differs form the first preferred embodiment in
that the chain anchoring member 30 has an inside corner
Fa facing upward, but has no inside corner facing down-
ward.

[0034] The inside corner Fa has an arcuate surface
32C formed by rounding the corner between the top sur-
face 32B of the chain connecting portion 32 and the rear
surface 31 H of the base portion 31 which is a vertical
surface on the projected side of the base portion 31. The
arcuate surface 32C is substantially the same as the ar-
cuate surface 22C of the first preferred embodiment. The
top surface 32B of the chain connecting portion 32 is
positioned lower than the top surface 31 D of the base
portion 31. The bottom surface 32D of the chain connect-
ing portion 32 is positioned at substantially the same
height as the bottom surface 31 E of the base portion 31.
The chain connecting portion 32 has a hole 32A formed
vertically therethrough. The anchor bolt 18 is inserted
throughthe hole 32A. As shownin Fig. 4, awelded portion
33 is formed in the vertical direction at the side end 31 F
of the side plate portion 31A of the base portion 31. An-
other welded portion (not shown) is formed in the vertical
direction at the side end (not shown) of the rear plate
portion 31 B. Only the welded portion 33 formed at the
side end 31 F of the side plate portion 31A is shown in
Fig. 4.

[0035] The length of the welded portion 33 which is
determined depending on the vertical length of the base
portion 31 is set so that the welded portion 33 may have
a strength enough to resist the stress due to the afore-
mentioned upward load. The vertical length of the chain
connecting portion 32 is set such that the chain connect-
ing portion 32 has a strength enough to resist the tension
of the lift chain 17. In the second preferred embodiment,
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the chain anchoring member 30 has no inside corner
facing downward. Thus, the vertical length of the chain
connecting portion 32 is larger than the counterpart in
the first preferred embodiment, so that the strength of
the chain connecting portion 32 enough to resist the ten-
sion of the lift chain 17 is reinforced.

[0036] When the upward force acts on the chain an-
choring member 30, stress concentration occurs in the
inside corner Fa of the chain anchoring member 30. Ac-
cordingly, stress (compression stress) occurs in the in-
side corner Fa. The stress causes the top surface 32B
of the chain connecting portion 32 and the rear surface
31 H of the base portion 31 to be moved toward each
other. The stress by which the top surface 32B and the
rear surface 31 H are moved toward each other is dis-
tributed and spread along the arcuate surface 32C. Since
the stress inthe inside corner Fais distributed and spread
along the arcuate surface 32C, excessive stress concen-
tration in the chain anchoring member 30 may be avoid-
ed.

[0037] According to the lift chain anchoring device of
the second preferred embodiment, there is no inside cor-
ner facing downward. However, as in the case of the first
embodiment, excessive stress concentration in the in-
side corner Fa of the chain anchoring member 30 may
be avoided successfully. In addition, the stress in the
welded portion 33 may be reduced as compared to a
known chain anchoring member. Moreover, in the sec-
ond preferred embodiment wherein only the inside corner
Fa facing upward is provided, the advantage of the re-
duction of the material is reduced in comparison to the
chain anchoring member 20 of the first preferred embod-
iment. However, only one arcuate surface may be re-
quired. Thus, the chain anchoring member 30 may be
easy to be assembled as compared to the first preferred
embodiment.

[0038] The following will describe a lift chain anchoring
device of the third preferred embodiment of the present
invention.

[0039] The reference numerals used for the descrip-
tion of the first preferred embodiment will be used to de-
note the same or similar elements of the third preferred
embodiment, and the description of such elements will
be omitted.

[0040] As shown in Fig. 5, a chain anchoring member
40 of the third preferred embodiment differs from that of
thefirst preferred embodimentin thatthe chain anchoring
member 40 has an inside corner Fb facing downward,
but has not inside corner facing upward.

[0041] The inside corner of the chain anchoring mem-
ber 40 has an arcuate surface 42E formed by rounding
the corner between the bottom surface 42D of the chain
connecting portion 42 and the rear surface 411 of the
base portion 41. The rear surface 411 of the base portion
41 is a vertical surface on the projecting side of the base
portion 41. The arcuate surface 42E is substantially the
same as the arcuate surface 22E of the first preferred
embodiment. The bottom surface 42D of the chain con-
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necting portion 42 is positioned higher than the bottom
surface 41 E of the base portion 41. The top surface 42B
of the chain connecting portion 42 is positioned at sub-
stantially the same height as the top surface 41 D of the
base portion 41. As shown in Fig. 5, the welded portion
43 is formed in the vertical direction at the side end 41 F
of the side plate portion 41 A of the base portion 41. The
chain connecting portion 42 has a hole 42A formed ver-
tically therethrough for receiving therein the anchor bolt
18. A welded portion (not shown) is formed in the vertical
direction at the side end (not shown) of the rear plate
portion 41 B. Only the welded portion 43 formed at the
side end 41 F of the side plate portion 41A is shown in
the fig. 5.

[0042] As in the case of the first and second embodi-
ments, the length of the welded portion 43 is set such
that the welded portion 43 has a strength enough to resist
the stress acting on the welded portion 43 due to the
aforementioned upward force. The chain anchoring
member 40 of the third preferred embodiment has no
inside corner facing upward. Thus, the vertical length of
the chain connecting portion 42 is set larger than that of
the chain connecting portion 22 of the first preferred em-
bodiment as in the case of the second preferred embod-
iment.

[0043] Stressconcentration occursintheinside corner
Fb of the chain anchoring member 40. Stress (tensile
stress) occurs in the inside corner Fb. The stress causes
the bottom surface 42D of the chain connecting portion
42 and the rear surface 411 of the base portion 41 to be
moved away from each other. Since the inside corner Fb
has an arcuate surface 42E, the above stress by which
the bottom surface 42D and the rear surface 41l are
moved away is distributed and spread along the arcuate
surface 42E. Since the stress in the inside corner Fb of
the chain anchoring member 40 is distributed and spread
along the arcuate surface 42E, excessive stress concen-
tration in the chain anchoring member 40 is avoided.
[0044] Though the lift chain anchoring member 40 of
the third preferred embodiment has no inside corner fac-
ing upward, excessive stress concentration in the inside
corner Fb of the chain anchoring member 40 may be
reduced as in the case of the first preferred embodiment.
Thus, the stress in the welded portion 43 may be reduced
as compared to the conventional chain anchoring mem-
ber. Since only the inside corner Fb facing downward is
formed, only one arcuate surface is required to form. The
chain anchoring member 40 of the third preferred em-
bodiment is easy to assemble as the same as the chain
anchoring member 30 of the second preferred embodi-
ment. Also, the chain anchoring member 40 is easier to
manufacture as compared to the chain anchoring mem-
ber 20 of the first preferred embodiment.

[0045] The following will describe a lift chain anchoring
device according to the fourth preferred embodiment of
the present invention.

[0046] The reference numerals used for the descrip-
tion of the first preferred embodiment will be used to de-
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note the same or similar elements of the fourth preferred
embodiment, and the description of such elements will
be omitted.

[0047] As shown in Fig. 6, a chain anchoring member
50 of the lift chain anchoring device according to the
fourth preferred embodiment has an inside corner Fc fac-
ing upward and an inside corner Fd facing downward.
[0048] The inside corner Fc facing upward has two ar-
cuate surfaces 52C, 52D, and an inclined surface 52E
through which the arcuate surfaces 52C, 52D are con-
nected. The other inside corner Fd facing downward also
has two arcuate surfaces 52G, 52H, and an inclined sur-
face 521 through which the arcuate surfaces 52G, 52H
are connected. Thus, the chain anchoring device of the
fourth preferred embodiment differs from the chain an-
choring device of the first preferred embodiment in that
each of the inside corners Fc, Fd has a plurality of arcuate
surfaces, i.e. surfaces 52C, 52D for the inside corner Fc
and surfaces 52G, 52H for the inside corner Fd. The ra-
diuses of curvature of the arcuate surfaces 52C, 52D,
52G, 52H are set smaller than the radiuses of curvature
of the arcuate surfaces 22C, 22E of the first preferred
embodiment. The vertical lengths of the welded portion
53 and the chain connecting portion 52 are set substan-
tially the same as the first preferred embodiment.
[0049] The base portion 51 of the chain anchoring
member 50 has a side plate portion 51 A and a rear plate
portion 51 B. The welded portion 53 is formed in the ver-
tical direction at the side end 51 F of the base portion 51.
The chain connecting portion 52 of the chain anchoring
member 50 is formed such that the top surface 52B of
the chain connecting portion 52 is positioned lower than
the top surface 51 D of the side plate portion 51 A. The
bottom surface 52F of the chain connecting portion 52 is
positioned higher than the bottom surface 51E of the side
plate portion 51A. The chain connecting portion 52 has
a hole 52A formed therethrough.

[0050] Whenthe aforementioned upward force acts on
the chain anchoring member 50, stress concentration oc-
curs at the inside corners Fc, Fd of the chain anchoring
member 50. Stress (compression stress) occurs in the
inside corner Fc facing upward. The stress causes the
top surface 52B of the chain connecting portion 52 and
the rear surface 51 H of the base portion 51 to be moved
toward each other. Since the inside corner Fc has two
arcuate surfaces 52C, 52D and the inclined surface 52E
through which the arcuate surfaces 52C, 52D are con-
nected, such stress is distributed and spread along the
arcuate surfaces 52C, 52D and the inclined surface 52E
of the inside corner Fc.

[0051] Stress (tensile stress) occurs in the inside cor-
ner Fd. The stress causes the bottom surface 52F of the
chain connecting portion 52 and the rear surface 51| of
the base portion 51 to be moved away from each other.
Such stress is distributed and spread along the arcuate
surfaces 52G, 52H and inclined surface 521. Though the
stress in each of the inside corners Fc, Fd of the fourth
preferred embodiment is distributed and spread less
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evenly than the stress in the inside corners Fa, Fb of the
first preferred embodiment, excessive stress concentra-
tion in the chain anchoring member is avoided success-
fully.

[0052] The following will describe alift chain anchoring
device according to the fifth preferred embodiment of the
present invention.

[0053] The reference numerals used for the descrip-
tion of the first preferred embodiment will be used to de-
note the same or similar elements of the fifth preferred
embodiment, and the description of such elements will
be omitted.

[0054] As shown in Fig. 7, the base portion 61 of the
chain anchoring member 60 of the chain anchoring de-
vice is fixed to the outer mast 12 by welding.

[0055] The length of the side plate portion 61A of the
base portion 61 as measured in the longitudinal direction
of the forklift truck is longer than the length of the side
plate portion 21A of the anchoring member 20 of the first
preferred embodiment. Rear surfaces 61 H, 61l of the
base portion 61 of the fifth preferred embodiment are
formed substantially the same as the rear surfaces 21 H,
211 of the first preferred embodiment. The chain connect-
ing portion 22 of the fifth preferred embodiment is also
formed substantially the same as the chain connecting
portion 22 of the first preferred embodiment. The length
of the side plate portion 61A in the longitudinal direction
is set substantially large, By so making the chain anchor-
ing member 60, the welded portion 63 formed in the ver-
tical direction at the side end 61 F is positioned further
from the lift chain 17 as compared to the first preferred
embodiment. A welded portion (not shown) is formed in
the vertical direction at the side end of the rear plate por-
tion 61 B. The welded portion (not shown) is substantially
the same as the welded portion 23 of the first preferred
embodiment. Only the welded portion 63 formed at the
side end 61 F of the side plate portion 61A is shown in
Fig. 7. Under substantially the same conditions of the
load acting through the lift chain 17 and the vertical length
of the welded portion 63, the stress occurring in the weld-
ed portion 63 is decreased with an increase of the dis-
tance of the welded portion 63 from the lift chain 17.
[0056] AsshowninFig. 7, the welded portion 63 of the
fifth preferred embodiment has a vertically welded area
63A and two horizontally welded areas 63B, 63C. The
welded area 63A is formed in the vertical direction at the
side end 61 F. The welded areas 63B, 63C extend in the
horizontal direction from top and bottom ends of the ver-
tically welded area 63A toward the rear ends of the base
portion 61, respectively. The horizontally welded area
63B is formed along part of the top surface 61 D in such
a range that excessive stress hardly acts on the welded
area 63B. The other horizontally welded area 63C is
formed along part of the bottom surface 61 E also in such
arange that an excessive stress hardly acts on the weld-
ed area 63C. Thatis, the lengths of the horizontal welded
areas 63B, 63C from the top and bottom ends of the
vertical welded area 63A toward the rear ends of the base
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portion 61 are limited such that excessive stress hardly
occurs in the welded areas 63B, 63C. The welded portion
63 having the horizontal welded areas 63B, 63C along
the top surface 61 D and the bottom surface 61 E, re-
spectively, has a U-shape as viewed from a side. Accord-
ing to the fifth preferred embodiment, the stress acting
on the welded portion 63 may be further decreased, and
the strength of the welded portion 63 may be further im-
proved as compared to the above preferred embodi-
ments.

[0057] The present invention is not limited to the em-
bodiments described above but may be modified in var-
ious alternative embodiments as exemplified below.
[0058] According to the first through fifth preferred em-
bodiments, welded portions are formed in the vertical di-
rection along side ends of the base portions for fixing the
chain anchoring members to the outer masts. Alterna-
tively, the position of the welded portion is not limited to
the position in the above preferred embodiments, but the
welded portion may be formed, for example, along the
top or bottom surface of the base portion. In other words,
the chain anchoring member may be welded to the outer
mast at any position other than the side end of the base
portion. In this case, it is preferable that the welded por-
tion is formed such that excessive stress hardly acts on
the welded portion.

[0059] In the first through fifth preferred embodiments,
the base portions have the side plate portions and rear
plate portions, respectively. Alternatively, the base por-
tion may be formed mainly by a plate corresponding to
the rear plate portion. In this case, it is preferable that
the vertical length of the welded portion of such a plate
should be set as longer as possible by forming the base
portion of the chain anchoring member with an extended
vertical length.

[0060] Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restric-
tive, and the invention is not to be limited to the details
given herein but may be modified within the scope of the
appended claims.

[0061] A lift chain anchoring device for a forklift truck
has a chain anchoring member and alift chain. The chain
anchoring member has a base portion and a chain con-
necting portion. The base portion includes a welded por-
tion by which the chain anchoring member is fixed by
welding to a side portion of each outer mast. The chain
connecting portion projects horizontally from the base
portion. One end of the lift chain is fixed to a lift bracket.
The other end of the lift chain is fixed to the chain an-
choring member. The vertical length of the base portion
is setlonger than the vertical length of the chain connect-
ing portion. At least one of the top and bottom surfaces
of the chain anchoring member has an inside corner
formed between the base portion and the chain connect-
ing portion. The inside corner has an arcuate surface.
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Claims

Alift chain anchoring device for a forklift truck having
a mast mechanism (11), the mast mechanism (11)
having outer masts (12), inner masts (16) and a lift
bracket which is operable to be raised and lowered
relative to the mast mechanism (11), the lift chain
anchoring device comprising:

a chain anchoring member (20, 30, 40, 50, 60)
having a base portion (21, 31, 41, 51, 61) includ-
ing a welded portion (23, 24, 33, 43, 53, 63), by
which the chain anchoring member (20, 30, 40,
50, 60) is fixed by welding to a side portion of
each outer mast (12), and a chain connecting
portion (22, 32, 42, 52) projecting horizontally
from the base portion (21, 31, 41, 51, 61); and
a lift chain (17) one end of which is fixed to the
lift bracket, the lift chain (17) the other end of
which is fixed to the chain anchoring member
(20, 30, 40, 50, 60),

characterized in that the vertical length of the base
portion (21, 31, 41, 51, 61) is set longer than the
vertical length of the chain connecting portion (22,
32,42, 52), and

in that at least one of the top and bottom surfaces
of the chain anchoring member (20, 30, 40, 50, 60)
has aninside corner (Fa, Fb, Fc, Fd) formed between
the base portion (21, 31, 41, 51, 61) and the chain
connecting portion (22, 32, 42, 52), the inside corner
(Fa, Fb, Fc, Fd) having an arcuate surface (22C,
22E, 32C, 42E, 52C, 52D, 52G, 52H).

The lift chain anchoring device for a forklift truck ac-
cordingto claim 1, characterized in that the welded
portion (23, 24, 33, 43, 53, 63) has a vertical welded
area corresponding to the vertical length of the base
portion (21, 31, 41, 51, 61), and in that the vertical
welded area is formed along a side end (21 F, 21 G,
31F, 41 F, 51 F, 61 F) of the base portion (21, 31,
41, 51, 61).

The lift chain anchoring device for a forklift truck ac-
cording to claims 1 or 2, characterized in that the
welded portion (63) has horizontally welded areas
(63C, 63D) extending in the horizontal direction from
top and bottom ends of the vertically welded area
(63A) toward the rear ends of the base portion (61),
andin that the horizontally welded areas (63B, 63C)
are formed along a part of the top surface (61 D) and
apart of the bottom surface (61 E) of the base portion
(61).

The lift chain anchoring device for a forklift truck ac-
cording to any one of claims 1 through 3, charac-
terized in that the top surface (21 D, 31D, 51D, 61
D) of the chain connecting portion (22, 32, 52) is
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positioned lower than the top surface (21 D, 31 D,
51 D, 61 D) of the base portion (21, 31, 51, 61), and
in that the inside corner (Fa, Fc) is formed between
the top surface (22B, 32B, 52B) of the chain con-
necting portion (22, 32, 52) and a vertical surface on
the projecting side of the base portion (21, 31, 51,
61).

The lift chain anchoring device for a forklift truck ac-
cording to any one of claims 1 through 4, charac-
terized in that the bottom surface (21 E, 41 E, 51
E, 61E) of the chain connecting portion (22, 42, 52)
is positioned higher than the bottom surface (21 E,
41 E, 51 E, 61 E) of the base portion (21, 41, 51, 61),
and in that the inside corner (Fb, Fd) is formed be-
tween the bottom surface (21 E, 41 E, 51 E, 61 E)
of the chain connecting portion (22, 42, 52) and a
vertical surface on the projecting side of the base
portion (21, 41, 51, 61).

The lift chain anchoring device for a forklift truck ac-
cording to any one of claims 1 through 5, charac-
terized in that the arcuate surface (22C, 22E, 32C,
42E, 52C, 52D, 52G, 52H) of the inside corner (Fa,
Fb, Fc, Fd) isformed by rounding the corner between
one of the top and bottom surfaces (21 D, 21 E, 31
D,31E,41D,41E,51D,51E, 61D, 61 E) of the
chain connecting portion (22, 32, 42, 52) and the
vertical surface on the projecting side of the base
portion (21, 31, 41, 51,61).

The lift chain anchoring device for a forklift truck ac-
cording to any one of claims 1 through 6, charac-
terized in that the inside corner (Fc, Fd) has at least
two arcuate surfaces (52C, 52D, 52G, 52H) and at
least one inclined surface (52E, 521) through which
the arcuate surfaces (52C, 52D, 52G, 52H) are con-
nected.

A method for fixing a lift chain anchoring device of a
forklift truck, the forklift truck having a mast mecha-
nism (11) with a chain anchoring member (20, 30,
40, 50, 60) and a lift chain (17), outer masts (12) and
lift bracket whichis operable to be raised and lowered
relative to the mast mechanism (11), comprising the
steps of:

forming the chain anchoring member (20, 30,
40, 50, 60) having a chain connecting portion
(22, 32, 42, 52) and a base portion (21, 31, 41,
51, 61) the vertical length of which is set longer
than the vertical length of the chain connecting
portion (22, 32, 42, 52),

forming an inside corner (Fa, Fb, Fc, Fd) on at
least one of a top surface and a bottom surface
of the chain anchoring member (20, 30, 40, 50,
60) between the base portion (21, 31, 41, 51,
61) and the chain connecting portion (22, 32,
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42, 52);

fixing the chain anchoring member (20, 30, 40,
50, 60) by a welded portion (23, 24, 33, 43, 53)
formed vertically along a side end (21 F, 21 G,
31F, 41 F, 51 F, 61F) of the base portion (21,
31,41, 51, 61) to a side portion of the outer mast
(12) so asto project the chain connecting portion
(22, 32, 42, 52) horizontally from the base por-
tion (21, 31, 41, 51, 61),

fixing one end ofthelift chain (17) to the lift brack-
et; and

fixing the other end of the lift chain (17) to the
chain anchoring member (20, 30, 40, 50, 60).
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