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3,061,046 
LOAD I-IOISTING MAST WITH ROLLER CHAIN 

ANTI-FRIQTIDN MEANS ' 
Alfred W. Gunning, Richland, Mich., assignor to The 

lVlul?-Lift Co., Detroit, Mich., a corporation of Mich 
lgan 

Filed July 27, 1961, Ser. No. 127,240 
10 Claims. (Cl. 187-95) 

My invention relates generally to materials handling 
equipment, and more particularly to a load hoisting mast 
or fork-lift-having multiple sections. 

This application forms a continuation-in-part of my co 
pending application, Serial No. 70,459, ?led November 
21, 1960, which is assigned to the assignee of my instant 
invention. 
The construction of my invention comprises a relatively 

stationary mast section having spaced parallel channels 
or side rails. A relatively movable mast section is re 
ceived within the stationary mast section, and it also is 
comprised of spaced parallel channels that are received in 
telescopic relationship with respect to the corresponding 
channels of the stationary mast section. A motor means, 
preferably in the form of a hydraulic ram, is provided for 
moving the movable mast section with respect to the sta 
tionary mast section. 
A carriage is mounted on the mast for movement in 

a vertical direction and is formed with guide portions re 
ceived within the channels of the relatively movable mast 
section. A chain and sprocket or pulley arrangement may 
be provided for the purpose of moving the carriage in 
the direction of motion of the relatively movable mast sec 
tion when the hydraulic ram is actuated. 
The hydraulic ram and the chain and sprocket or pulley 

arrangement are adapted to establish a one-to-one speed 
ratio between the hydraulic ram and the movable section 
and a two-to-one speed ratio between the carriage and the 
hydraulic ram. ‘ 

Bearing elements in the form of rollers are situated be 
tween the sides of the channels for the movable mast sec 
tion and they are arranged in. the form of a continuous 
roller chain that encircles the channels of the movable 
mast section. This roller chain extends in the direction 
of motion of the movable mast section and establishes 
guidance of the movable mast ‘section with respect to 
the stationary'mast section. It provides guidance also 
for the carriage. 

‘ The mast construction of my invention is characterized 
by a relatively reduced degree of friction between the rela~ 
tively movable portions thereof. It is capable also of 

10 

15 

20 

30 

accommodating a high degree of loading on the carriage. I‘ 1 
The load lifting capacity of the mast of my invention far 
exceeds the capacity of conventional mast sections of com 
parable size. ' 

My mast construction is capable also of accommodat~ 55 

ing eccentrically placed loads‘on the carriage. Such'ec- :' '> 
centric loading establishes force couples that act about a 
transverse axis as well as an axis extending in‘a fore and 
aft direction. By contrast, masts of conventional con; 
struction are capable of accommodating only a slight de 
gree of off-center or eccentric loading. . , 

_ My improved mast construction is capable also of lift 
ing loads of relatively large magnitude when the mast is 
titled in either a transverse direction, a fore and aft direc 
tion, or under certain operating conditions when the line 
of action of the force of gravity of the load is misaligned 
with respect to the longitudinal axis of the mast. 

The- provision of a mast of the type I am describing 
being the principal object of my invention, it is a further 
object of my invention to provide a mast comprising at 
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least one relatively movable section and a load hoisting 
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2, 
carriage that is mounted'upon ‘and guided within a mov 
able mast section.‘ 

It is another object‘ of my invention to provide a mast 
construction having a stationary mast section and at least 
one relatively movable mast section and which is capable 
of accommodating eccentric loading. 

It is a further object of my invention to provide a mast 
construction having a stationary mast section and a rela 
tively movable mast section and which is characterized by 
a relatively low degree of friction between the relatively 
movable portions thereof. ~ , 

Further objects and features of my invention will be 
come apparent from the following description and from 
accompanying drawings wherein: ' 

FIG. 1 is an isometric view of a mast assembly em 
bodying the principles of my invention; 

FIG. 2 is a rear view of the mast construction of FIG. 
1 with portions thereof shown in cross section, and is 
taken along section line 2—2 of FIG. 4; 

FIG. 3 is a longitudinal cross sectional view of the mast 
construction of FIGS. 1 and 2, and taken along section 
line 3——3 of FIG. 2; 

FIG. 4 is a transverse cross sectional view of the mast 
construction of FIGS. 1 and 2, and taken along section 
line 4—4 of FIG. 3; 

FIG. 5 is a view that is similar to FIG. 3 and which 
shows the carriage and the movable section in extended 
positions; Y 

FIG. 6 is an enlarged isometric view of‘ an upper por 
tion of the mast construction of FIGS. 1 and 2; 

FIG. 7 is an enlarged plan view of a portion of the, 
structure shown in FIG. 6 and showing also‘a portion of 
the carriage; , ., . 

FIG. 8 is an enlarged subeassembly view'showing a 
portion of the roller chain that is employed in the mast 
construction of the present invention; .' ‘ 

FIG. 9 is a broken, elevational sectional view, taken 
along section line 9-9 of FIG. 7; 
‘FIG. 10 is an isometric view showing 

is used with the mast construction; and, ‘ . , 

- FIG. 11 illustrates a modi?ed form of guide means for 
the carriage. 

. Referring ?rst to FIGS. 1 through 4, the relatively sta4 
tionary mast section is identi?ed generally by the refer 
ence character 10, and the relatively movable mast sec 
tion is identi?ed generally by the reference character 12. 
The relatively stationary mast section 10 comprises a 
pair of spaced channels 14 and“ 16 that are situated 'in 
spaced apart parallel relationship with .the open sides 
situatedin juxtaposition. A supporting structural bracket, 
preferably of channel shape, is identi?ed by reference 
character 18 and is adapted to join together the upper 
portions of the channels 14 and 16. To add greater sup 
port, the side channel brackets 20 and_'22 are provided, 
as shown, ‘at the ends of the bracket ,18. Bracket portions 
20 and 22 may be secured in place by welding. 
At the base-ofthe mast section 10, I have provided 

another bracket 24 that is adapted to join the lower 
most ends of the channels 14 and 16. The intermediate 
portion of the bracket 24 extends inwardly to provide 
support for a base 26 for the conventional hydraulic 
ram generally identi?ed by the reference character 28. 
This hydraulic ram 28 includes a cylinder housing-30 
supported by the bracket 24 and a ram or piston rod 32 
that may reciprocate intelescopic fashion within the 
cylinder housing 30. The piston rod 32 can be extended 
when ?uid pressure is supplied to the cylinder housing 
30 in a conventional fashion. _- ‘ 

Pivot brackets are shown at 34 and 36 and are welded, 
or otherwise secured, to the channels 14 and 16. The 
mast may be mounted upon a-suitable wheeled vehicle, 

the carriage that 
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or other chassis structure, in order to provide mobility 
for the mast construction. Other" pivot brackets are 
shown at 37 and 39 and are, welded to the channels 14 
and '16 as shown. These may be connected to hydraulic 
cylinders of the type shown in U.S. Patent 2,877,868. 
This permits the mast construction to be tilted in a fore 
and ‘aft direction about the axis of the pivot brackets 
34 and 36. I > V 

The relatively movable mast section _12 comprises the 
parallel channels 38 and 40. As shown in FIG. 1, these 
channels are held together at the upper portion thereof 
by a bracket 42 that is secured inplace by welding‘to 
the edge of a cooperating leg or ?ange of each of ‘the 
channels 38 and 40. The bracket 42~is formed prefera 
bly with an L-shaped cross‘section and includes a por 
tion 44 disposed in the region between the channels 38 
and 40. 'As shown in FIG. 2, the aforementioned ram 
or piston rod 32 is secured to the portion 44 of the bracket 
42 by means of a suitable threaded connection 46. Secured 
also to the portion 44 is a pair of U-shaped brackets 48 
and 50 that support a pair of pulleys 52 and 54, respec 
tively. Pulley S2 is disposed within the bracket 48 and 
is carried by a supporting shaft 56. The corresponding 
shaft for pulley 54 is shown at 58. A chain or cable 59 
is trained over pulley'52 and is anchored by means of 
a suitable connection 60 to an anchor rod 62‘. This rod 
is connected in a ?xed fashion by any suitable means to 
bracket '24, an appropriate threaded connection means 
being shown at 64. In a similar fashion, a chain or 
cable 66 is trained over pulley 54 and is anchored at 
one end thereof to an anchor rod ‘68 that is connected 
to the aforementioned bracket 24. 
As best seen in FIGS. 4 and 105 I have provided a 

carriage having a pair of fork arms 70 and 72. These 
arms are secured to a vertical face plate structure gen 
erally identi?ed by reference character 74. A bracket 
76 in_ the form of a vertical, inwardly extended plate is 
secured to the face plate structure 74 in a perpendicular 
fashion and a corresponding laterally spaced apart bracket 
is provided at 78. A horizontal supporting plate 80 

. can be provided to add support to the bracket 76, the 
plate 80 being welded to the face plate structure 74 and 
the bracket 76. A corresponding supporting plate 82- is 
provided for the bracket 78. . ~ . .. ~ 

' Secured to the bracket 76.0n the outer side thereof is 
a guide member 84 having a cross sectional shape that 
is similar to the cross sectional shape of the channels 16 
and 40. .The guide member 84 is secured to the bracket 
76. In the embodiment shown in FIG. 4, the guide mem 
ber 84 .is. in the form. of an inverted channel with the 
open side thereof secured to the bracket 76 by any 
suitable means, as by welding. Another guide member 
86 is secured to the bracket .78 and is similar to the 
guide member 84. The open end of the guide member 
86 is secured to the bracket 78 by means of welding. 
‘As best observed in FIGS. 1 and 4, the guide member 

84, the channel 40 and- the channel 16 are situated in 
nested relationship and they'are formed with cross sec‘ 
tional shapes that are similar. In like fashion, ‘guide 
member 86, channel 38 and channel 14 are situated in 
nested relationship’ and are formed with similar cross sec 
tional shapes. ’ ~ ' - 1 . g ' ' 

~ As best seen in FIGSL3 and 5, the free end of the chain 
or cable 66 is 'connected to plate 800i the carriage by' 
means of a suitable connection '88.. In a similar fashion, 
chain or. cable, 59 is connected toiplate 82 of the carriage. 
rvAsbest seen in_FIG. 2, thefrarn or piston rod 32 is 
connected to a piston 90'. - When .?uidpre'ssure is applied 
to.the working chamber de?ned in part by piston 90 and 
the cooperating cylindrical chamber in the cylinder hous 
ing 30, the ram or piston rod 32 will be extended up 
wardly thus moving the movable stage or mast section 
12 in an upward direction as viewed in the drawings rela 
tive tothe stationarymast section 10. This,.of course, 
also causes the pulleys 52 and 54 to move in an up 
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V be split into two parts as shown. 

4 
ward direction and the carriage thus is moved vertically 
upward also at a speed ‘ratio of two-to-one relative to 
the rate of movement of the piston rod 32. The carriage 
74 thus can be moved to any desired height within the 
limitations of the mast construction. One operating posi 
tion of the carriage 74 is shown in FIG. 5. 
As best seen in FIG. 4, the channel 16 is formed with 

side portions or ?anges that diverge from the base or 
web portion thereof. In a similar fashion, channel 40 is 
formed with a base or web portion and with diverging 
side or ?ange portions, the angle of divergence being 
equal to the angle of divergence of the sides or ?anges of 
the channel 16. Similarly, the guide member 84 is 
formed with diverging sides that are parallel to the sides 
of the channels 16 and 40. In one operating embodi= 
ment, the included angle between the base or web of the 
channel 16 and one of the cooperating sides or ?anges 
of the channel is 105°. The corresponding included angle 
for the channel 48 and the guide member 84, of course, 
is equal to 105° also. The lowermost portions of the 
channels of mast section 12 are held together also by 
a cross bracket 87 and‘ are situated as shown in FIGS. 
3, 4 and 5 so that they will not interfere with the car~ 
nage. - 

As best seen in FIG. 9, I have provided a series of 
rollers between the guide member 86 and the channel 
38, and between the channel 38 and the channel 14. 
These rollers are linked together to form a continuous 
roller chain that extends in a direction parallel to the 
direction of relative motion of the movable mast section 
12 relative to the stationary mast section 19. The roller 
chain is generally identi?ed by the reference character 92. 

. A sub-assembly view of the chain 92 is shown in FIG. 
8 and comprises a series of rollers 94, each of which may 

The rollers rotate 
upon pins 96. The pins in turn may be linked together 
by chain links 98. . 
The chain 92 is trained over one of the sides of chan 

nel 38 and during operation of the mast, the chain cir 
culates in a continuous fashion about the cooperating 
channel side. The upper and lower edges of the co 
operating channel side can be recessed and rounded to 
accommodate the chain 92. These ends are shown in 
FIG. 9 at 100 and 102. The chain 92 functionsas a 
guide means and as a bearing for the carriage 74 and for‘ 
the channel 38 as they move relative to each other and 
relative to the stationary channel 14.. . 

- A corresponding chain 104 istrained over theother 
diverging side of the channel 38 and extendsin a direc 
tion parallel to the direction of motion of the channel 38. 
The diverging sides of the channel 40 also have co 

operating roller chains 106 and 108 that correspond in 
function to the aforementioned roller chains 92 and 104, 
respectively. These chains 106 and 108 can be seen also 
in FIG. 1. . 
The sides or ?anges of the channels 16 and 40 diverge 

with an angle that may be equal to the angle of diver 
gence of the corresponding sides or ?anges for the chan 
nels 14 and 38. Thecarriage 74 and the movable mast 
section 12 are guided during operation and the degree 
of friction between the moving surfaces is reduced to a 
minimum. The moments'aud forces that act upon the 
nested channels are distributed through the roller chains 
in a direction normal to the planes of the sides or ?anges 
of the channels. Because of the divergence of the sides 
or. ?anges‘, the reaction forces for’ both static. and dy 
namic loads that are experienced during operation are 
resolved into transverse components as well as fore and 
aft components. T herability of the mast construction to 
accommodate side loads and off-center loads on the 
carriage thus is greatly increased. . .. .. 

Aspr'eviously indicated, the movable mast. section 
12 moves at a speed ratio one-to-one relative to thep'is 
ton rodor. ram 32. The rollers for the chains, how 
ever, engage the cooperating roller surface’ of the sides 
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or ?anges of the channels for the movable mast section 
12. The instantaneous center of rotation for the rollers 
between the carriage guide members 84 and 86 and the 
channels for the movable mast section 12 lie on the sur 
face of the diverging sides or ?anges of the movable 
mast section channels 38 and 40. This being the case, 
the peripheral speed of the surface of the rollers 94 that 
engage the carriage guide members 84 and 86 is equal 
to two times the rate of movement of the instantaneous 
center of rotation of the rollers 94. As previously indi 
cated also, the carriage 74 moves at a speed ratio of 
two-to-one relative to the motion of the movable mast 
section 12. Thus, the periphery of the rollers 94 be_ 
tween the carriage guide members 84 and 86 and the 
movable mast section channels 38 and 40 and the co 
operating roller bearing surface of the carriage guide 
members move at the same speed. There is, therefore, 
no scu?ing action between the rollers 94 and the co 
operating roller bearing surfaces of the movable mast sec 
tion channels 38 and 40 and the carriage guide mem 
bers 84 and 86. . 

In a similar fashion, scu?ing action is entirely elimi 
nated between the rollers 94 between the stationary mast 
section channels 14 and 16 and the channels 38 and 
40 of the movable mast section 12. The instantaneous 
center of rotation for each of these rollers 94 lies on the 
surface of the sides or ?anges of the stationary channels 
14 and 16. The peripheral speed of the surface of the 
rollers 94 that engage the stationary channels 14 and 
16 thus is equal to the speed of the piston rod or ram 
32 itself. Since this is true, the speed of the roller pins 

20 

96 is equal to one-half the speed of the ram 32. Since = 
this is true, the roller chain 92 as shown in FIG. 9 will 
circulate in a clockwise direction about the movable 
mast section channels when the carriage is moving in an 
upward direction. A corresponding circulation of the 
other roller chains during operation also will take place. 

In a preferred form of my invention, the bracket 42 is 
arranged so that it will not interfere with the guide 
members 84 and 86 of the carriage 74 when the car 
riage reaches the uppermost position. These guide mem— 
bers and the cooperating brackets 76 and 78 will pass on 
either side of the portion 44 of the bracket 42. This 
feature increases the maximum height of the mast con 
struction for any given overall height of the mast when it 
is in a stacked position. ' 

In FIG. 11 I have shown a modi?ed mast and car 
riage construction comprising guide members 110 and 
112 that correspond in function to the aforementioned 
guide members 84 and 86, respectively. In other re 
spects, the carriage of FIG. 11 corresponds in structure 
to the carriage of FIG. 10, and the corresponding ele 
ments have been identi?ed by similar reference char 
acters with primed notations. 

' The guide member 114) can be formed, if desired, of I 
solid bar stock and it includes tapered sides 114 and 116, 
the angle of the taper being equal to the angle of di 
vergence of the cooperating channels of the mast sec 
tions. The guide member 110 can be secured to a co 
operating carriage bracket 76 by means of one or more 
bolts or studs 118. A fastening nut 120 is provided 
as indicated. In order to accommodate for manufactur 
ing tolerances and to prevent tilting of the carriage 74 
in those instances when the tolerances are large, I have 
provided shims 122 between the bracket 76 and the guide 
member 110. 
The guide member 112 can be connected to its co 

operating bracket 78 in a manner similar to that de 
scribed with reference to guide member 110. It also 
may be shimmed to compensate for wear and manu 
facturing tolerances. 
The lower ends of the movable mast channels 38 and 

40 are ?xedly connected by means of the bracket 124. 
It will be obvious that any one of several of the brackets 
42, 87, 18, 24 and 124 may be made in a form to be 
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6 
adjustable in length, in any suitable manner, to provide 
adjustability between the channels of the stationary and 
movable mast sections to compensate for wear and manu 
facturing tolerances. This feature is shown at 126 and 
128 in the embodiment of FIG. 11. 
and 24', that correspond respectively to brackets 87 and 
24 of the embodiment of FIGS. 1 through 10, are made 
adjustable in length by providing a bolted overlapping 
joint as shown. Similar joints can be provided for any 
of the other brackets. Bracket 24' may be used also to 
provide added support for the ram 28. Auxiliary brack 
ets are provided at 129 and 131 for this purpose at the 
lower end of the ram. Also, bracket 24' is ?anged like 
bracket 18 to increase its rigidity. , 

While it will be apparent that the preferred embodi 
ments of the invention herein disclosed are well calcu~ 
lated to ful?ll the objects above stated, it will be ap 
preciated that the invention is suceptible to modi?cation, 
variation and change without departing from the proper 
scope or fair meaning of the subjoined claims. 
Having thus described the principal features of my 

invention, which I claim and desire to secure by United 
States Letters Patent is: 

l. A ‘load lifting mast construction, comprising: a 
stationary mast section; movable mast section; said mast 
sections each having a pair of spaced, parallel side rails; 
a carriage; guide members on said carriage; each guide 
member and each rail for said stationary mast section 
having a pair of ‘bearing surfaces; each rail for said 
movable mast section being disposed between a carriage 
guide member and a rail of ‘said stationary section; a 
bearing surface on each side of each rail for said mov 
able mast section; -a plurality of bearing elements con! 
nected together to form a continuous, end-less ?exible 
bearing structure; said ?exible bearing structure being 
trained over the rail for said movable mast section with t 
the bearing elements thereof being engagable Witheach of 
its bearing surfaces; and, ‘means for moving said movable 
mast section and the carriage relative to said stationary 
mast section at separate speed ratios, the bearing surfaces 
for said guide members and the rails of said stationary 
mast section being engagable with said bearing elements. 

2. A load lifting mast construe-tion, comprising: a 
stationary mast section; a movable mast section; said 
mast sections each having a pair of spaced, parallel side 
rails; a carriage; guide members on said carriage; each 
guide member and each rail for said stationary mast sec 
tion having a pair of bearing surfaces; each rail for said 
movable mast section being disposed between a carriage 
guide member and a rail of said stationary section; a 
bearing surface on each side of each rail for said mov 
able mast section; a plurality of bearing elements con 
nected together to form a continuous, endlms ?exible 
bearing structure; said ?exible bearing structure being 
trained over the rail for said movable mast section with 
the bearing elements thereof being engagable with each 
of its bearing surfaces; means for moving said movable 
mast section and the carriage relative to. said stationary 
mast section at separate speed ratios, the bearing surfaces 
for said guide members and the rails of said stationary 
mast section being engagable with said bearing elements; 
and, means for adjustably mounting said guide mem 
bers on said carriage. 

3. A load hoisting mast, comprising: a stationary 
mast section; a relatively movable mast section situated 
in nested telescopic relationship with respect to said 
stationary mast section; a load carriage supported by said 
mast; said carriage including guide members disposed 
within said movable mast section; means for moving 
said movable mast section relative to said stationary 
mast section; means for moving said carriage relative 
to said mast sections including mechanism responsive to 
relative motion of said mast sections and adapted to 
move said carriage in the direction of said relative 
motion; a ?exible bearing member encircling said rela 

The brackets 87' 
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tively movable mast section and extending in a direction 
parallel to the direction of relative motion; said ?exible 
bearing member including rollers; and, said rollers ac 
commodating a relatively friction free movement of said 
movable mast section and said carriage. 

4..A load hoisting mast, comprising: a stationary 
mast. section; a relatively movable mast section; said 
‘mast sections being disposed one within the other in 
nesting relationship;,a carriage carried by said mast and 
including guide members received within said movable 
mast section: a roller chain encircling said movable 
mast section and extending in a direction parallel to the 
direction of relative movement between said mast sec 
tions; and, said roller chain forming a continuous circuit 
about said relatively movable mast section, whereby 
relatively friction free movement of said movable mast 
section;v and said carriage can be accommodated. 

5. A load hoisting mast, comprising: a stationary mast 
section; a relatively-‘movable mast section; each mast 
section comprising a. pair of spaced channel members; 
each channel member having diverging sides, the corre 
sponding channel members of each section being situ 
ated one ‘within the other innesting relationship; a 
carriage supported by said mast and including carriage 
guide members situated within the channel members of 
said movable mast section; a roller chain encircling each 
of the channel members of said movable mast section 
and extending in a. direction parallel to the directionrof 
relative motion between said mast sections; means for 
moving said movable mast section and said carriage, 
whereby the rate of movement of. said carriage is, equal 
to twice the rate of movement of said movable mast 
section; and, said roller chains forming a continuous 
circuit about the channel. members of the movablemast 
section, whereby relatively ‘friction free motion of said 
movable mast section and carriage can be accommo 
dated. , r v 

,6. A load hoisting mast, comprising: a stationary mast 
section; a relatively movable mast section; each mast 
section comprising appair of spaced channel members; 
each channel member having diverging sides, the corre 
sponding channel members of each section being situated 
onewithin the other in nesting relationship; a carriage 
supported by said mast ‘and including carriage guide 
members situated. within. the channel members of said 
movable mast section; a roller chainvencircling each of 
the channel members or saidmovable mastsection and‘ 
extending in a directionv parallel to the direction of rela 
tivemotion between said‘ mast sections; means for -mov~ 
ing said movable mastsection and, said carriage,_whereby 
therate, of movementof. saidcarriage is equal to twice 
the. rate, of- movement of said movable mast. section; 
said roller chains forming a,‘ continuous circuit about 
the‘ channel members, of’ the. movablevmast, section,’ 
whereby‘ relatively friction. ‘free motion of said movable 
mast sectionv and carriage. can, be accommodated; and, 
means for adjusting the spacing between said guide’ 
members on said carriage. 

7.. The combination asset forth in'claim 5 herein the 
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8. 
channel members of at least one mast section include 
bracket structure adapted to maintain the channels in 
spaced parallel relationship, and means for adjusting the 
spacing of saidchannel members. ' 

8; The combination as set forth in claim 6 wherein the 
channel members of at least one mast section include 
bracket structure adapted to maintain the channels in 
spaced parallel rel-ationsip, and means for adjusting the 
spacing of said channel members. 

9. A load lifting mast construction comprising: a sta 
tionary mast section, a relatively movable mast section, 
said mast sections each having a pair of spaced parallel 
channel members, the channel members of each section 
comprising side portions that diverge relative to each 
other, a load carriage, guide members on said carriage, 
each guide member being situated within a separate chan 
nel member of said movable mast section‘ and having a 
pair ‘of bearing surfaces that are parallel to the sides of 
the channels for said movable mast section, a plurality of 
continuous, ?exible bearing structures, each bearing struc 
ture having bearing elements that are joined together, one 
bearing structure being trained over each side portion of 
the channel members for said movable mast section with 
the bearing elements thereof, engageable with the asso 
ciated carriage guide member and the side portion of the 
channel members of the stationary mast section. 

10. A load hoisting mast comprising a stationary mast 
section, a relatively movable mast section, a load carriage 
supported by said mast, each mast section comprising a 
pair of spaced parallel channels having diverging sides, 
means for moving said movable mast section relative to 

I said stationary mast section, means for moving said car» 
riage relative to said mast sections including mechanism 
responsive to relative motion of said mast sections and 
adapted to move said carriage in the direction of said rela 
tive motion, a separate ?exible bearing member encircling‘ 
each side of each channel for said movable mast section 
and extendin-g‘in a direction parallel to the direction of 
relative motion of: said mast sections, each of said ?exible 
members comprising bearing elements and means for join 
ing said bearing elements together to form a continuous 
recirculating chain, said guide members having diverging 
bearing surfaces that are, parallel to the sides of the chan 
nels of said movable mast section and said bearing ele 
ments being engageable with the sides of said guide mem 
her and the sides of the channel members of said station 
ary' mast section whereby relatively frictionv free move 
ment of said movable mast section and said carriage is 
accommodated. 
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