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1 Claim. 

This invention relates to mining apparatus, and 
more particularly, but not exclusively, to improve 
ments in a coal mining apparatus of the hori 
Zontal cutting, track cutter type adapted to op 
erate while supported and guided by a mine 
trackway. 
An object of this invention is to provide an im 

proved coal mining apparatus of the type com 
monly known as a track cutter. Another ob 
ject is to provide an improved coal mining ap 
paratus of the truck mounted, track Supported 
and guided type especially designed to use in cut 
ting horizontal, or substantially horizontal kerfs 
in a mine wall. A further object is to provide 
an improved Coal mining apparatus having im 
proved kerf cutting means, together with im 
proved means for adjustably supporting and mov 
ing the kerf cutter. Another object is to pro 
vide an improved adjustable supporting and mov 
ing structure of the hydraulically operated and 
controlled type for adjusting and moving the kerf 
cutter in an improved manner. A further ob 
ject is to provide an improved hydraulically op 
erated and controlled swinging and tilting means 
for the kerf cutter, whereby the kerf cutter may 
be SWung about its pivot and tilted about an axis 
extending longitudinally of the kerf cutter. Yet 
another object of the invention is to provide 
improved coal mining apparatus of an extremely 
low compact design having a novel arrangement 
of parts, and especially adapted to low vein work. 
Other objects and advantages of the invention 
Will, however, hereinafter more fully appear. 

In the accompanying drawings there are shown 
for purposes of illustration one form and a mod 
ification thereof which the invention may assume 
in practice. 

In these drawings 
Fig. 1 is a plan view of an illustrative embodi 

ment of the improved mining apparatus, with 
the kerf cutter shown in bottom cutting position. 

Fig. 2 is a side elevational view of the mining 
apparatus shown in Fig. 1. 

Fig. 3 is an enlarged fragmentary plan view 
of the forward portion of the mining apparatus 
shown in Fig. 1, showing the kerf cutter sup 
porting and moving structure. 

Fig. 4 is an enlarged view in longitudinal Sec 
tion taken substantially on line 4-4 of Fig. 1. 

Fig. 5 is an enlarged, longitudinally extending, 
vertical Sectional view taken Substantially on line 
5-5 of Fig. 3. 

Fig. 6 is a transverse vertical sectional view 
taken substantially on line 6-6 of Fig. 3. 

Fig. 7 is a horizontal sectional view, with parts 

(Cl. 262-28) 
shown in elevation, taken Substantially on line 
1-7 of Fig. 4. 

Fig. 8 is an enlarged horizontal sectional view 
taken substantially on line 8-8 of Fig. 9. 

Fig. 9 is a longitudinally extending vertical sec 
tional view taken substantially on line 9-9 of 
Fig. 8. 

Fig. 10 is a transverse vertical sectional view 
taken substantially on line O-O of Fig. 9. 

Fig. 1 is an enlarged, fragmentary, transverse, 
vertical sectional view taken Substantially on line 
- - - of Fig. 9. 

Fig. 12 is a view in longitudinal section taken 
substantially on line 2-2 of Fig. 3. 

Fig. 13 is an enlarged transverse vertical Sec 
tional view, with parts shown in elevation, taken 
substantially on line 3-3 of Fig. 1. 

Fig. 14 is an enlarged detail sectional view 
taken in the plane of Fig. 13, showing details 
of the valve control means. 

Fig. 15 is an enlarged detail sectional view 
taken in the plane of Fig. 13, showing the de 
tails of the valve operating means. - 

Fig. 16 is a detail cross sectional view taken on 
line 6- 6 of Fig. 14. 

Fig. 17 is a horizontal Sectional view showing 
the front valve box, the view taken in the plane 
of line T-T of Fig. 13. 

Fig. 18 is a detail sectional view taken on line 
8-8 of Fig. 17. 
Fig. 19 is a horizontal sectional view showing 

the rear valve box, the view taken in the plane 
of line 9-9 of Fig. 9. 

Fig. 20 is a detail sectional view taken on 
line 20-20 of Fig. 19. 

Fig. 21 is a detail sectional view taken on line 
2-2 of Fig. 19. 

Fig. 22 is a detail sectional view taken on line 
22-22 of Fig. 19. 

Fig. 23 is an enlarged side elevational view, with 
parts shown in longitudinal vertical section, show 
ing a portion of the clutch operating means and 
the hydraulic brake. 

Fig. 24 is a detail view of a portion of the 
clutch operating means. 

Fig. 25 is a diagrammatic view showing a hy 
draulic fluid system and the associated control 
e3S. - 

Fig. 26 is a view similar to Fig. 4, of a modi 
fied form of construction showing the kerf cutter 
in its top cutting position. 
In this illustrative embodiment of the inven 

tion, there is shown a coal mining apparatus of 
the horizontal cutting, track cutter type, al 
though it will be evident that various features 
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2 
thereof may be incorporated in mining apparatus 
of various other types, and that the apparatUS 
may be crawler tread mounted, or mounted to 
Slide on its bottom over the nine floor, in a Well 
known manner. The improved coal mining ap 
paratus disclosed herein generally Comprises a 
self-propelled portable base, herein designated , 
in the form of a truck mounted on Wheels 2 
adapted to travel along a trackway 3 laid on the 
nine floor. Supported on the truck at the for 
Ward end thereof is a horizontally SWingable 
frame in the form of a turntable 4 overlying the 
front truck wheel axle, and in turn having piv 
otally supported thereon for Swinging movement 
in a vertical direction with respect thereto, an 
elongated arm structure or boom 5 of an in 
proved design, carrying at its outer extremity 
horizontal kerf cutting means generally desig 
nated 6. The truck comprises a truck frame 
of an extremely low compact construction, and 
the turntable 4 is mounted in a relatively low 
position at the front end of the truck frame, and 
'has a depending circular bearing portion 8 jour 
naled for rotation about a vertical axis With re 
spect to the truck frame within bearing sleeves 
9, 9 supported by a circular bearing support O 
formed integral with the truck frame, as shown 
in Figs, 12 and 13. Pivotally mounted on the 
turntable at Widely Spaced points, in an extreme 
ly rugged and stable manner, is the improved arm 
structure or boom 5. This arm structure or boon 
comprises a relatively wire, upper, in Wardly locat 
ed arm or boom portion 4 mounted in a relatively 
low position and having spaced bearing lugs fs, 
5 at each side thereof pivotally mounted. On 

horizontal tubular shafts 6, 6 arranged in axial 
aiinement in bearing lugs secured by bracket 
arms 8 to the opposite sides of the turntable 
frame, in the manner clearly shown in Figs. 3 

à and 13. Hinged at 19 on a horizontal axis par 
allel with the pivotal axis of the upper arm 4, 
at the Outer extremity of the upper arrin, is an 
outer arm or boom portion 20, the latter having 
bearing lugs 2 journaled on a horizontal shaft 

; 22 parallel with the shafts S, 6 and supported 
within bearing Supporting lugs 23 formed in 
tegral with the upper arm 4. As previously 
mentioned, the upper inwardly located arm 4 is 
Widely laterally extended, as shown in Figs. 1. 
and 13, and the hinged connection between the 
in Wardly located upper and outer arms 4 and 
20 is extremely rugged, due to its relatively Wide 
bearing point distribution. A pair of botton 
arms 24, 24 cooperate with the upper arm 4, 
and are so pivotally connected to the turntable 
frame and the Outer arm 20 as to provide par 
allel motion means for maintaining the Outer 
arm 29 always horizontal and parallel to a given 
Straight line during SWinging of the armS in a, 
vertical direction about their pivotS. Each of 
the lower parallel motion arms 24, 24 comprises 
a cylinder 25 having a rear head 26 formed in 
tegral with an elongated arm portion 27 pivot 
ally mounted on a pivot pin 28 arranged par 
allel with the horizontal shafts f6 and 22, and 
supported within a depending bracket 29 in 
tegral with the turntable frame. The cylinders 
25 contain reciprocable pistons 30 of the double 
acting type having their piston rods 3 passing 
through the front packed heads 32 of the cylin 
ders and pivotally connected to a horizontal 
shaft, 33 supported within depending brackets 34 
at the bottom of and integral With the outer arm 
2), and likewise arranged parallel with the shafts 
6 and 22. The points of pivotal connection of 

Within the cutter head frame. 

2,224,872 
the arm 4 and the arms 24 with the turntable 
frame and their points of pivotal connection with 
the outer arm 2) are equally and fixedly Spaced, 
So that When the pistons 30 are in their mid 
Way position within the cylinders, the upper arm. 
4 and the lower arms 24 are parallel. When 
preSSure fluid is Supplied to one end or the other 
Of the cylinders 25, in a manner to be later de 
Scribed, the pistons move in one direction or the 
Other Within the cylinders, to Swing the horizon 
tal outer arm 29 about its pivotal connection 
With the upper armi 4 either upWardly or doWin 
Wardly to change the angle in altitude of the 
Outer arm 2), for a purpose to be later described. 
Now referring to the kerf cutting means 6, 

and Ore particularly to the driving and mount 
ing means therefor, it Will be noted that carried 
by the outer horizontal arm 20 is a low compact 
horizontal notor 35 having its casing 36 form 
ing an intermediate portion of the arm. 29, and 
the rear motor head 37 is, in this instance, formed 
integral with the rear arm portion which sup 
portS the bearing lugs 2. The notor casing 
is provided with a front motor head 33 having 
Secured thereto, as by bolts, guide brackets 39, 
39 having arcuate guideways 40 in which are 
guided arcuate guides 4f formed integral With 
the frame 42 of the titable cutter head 43, which 
Supports the kerf cutting means. The cutter 
head frame is provided with a circular bearing 
portion 44 journaled on a bearing sleeve .45 sup 
ported by a circular bearing support 46 formed 
integral with the front motor head 38, and the 
guide brackets 39 retain the cutter head frame 
in position. On its bearing. The means for tilt 
ing the cutter head about its bearing on the 
front motor head will be later described. The 
power shaft 4 of the motor 35 extends longi 
tudinally of the outer arm. 20 and has keyed to 
its forward end a bevel pinion 48 meshing With 
a horizontal bevel gear 49, herein formed in 
tegral With a vertical shaft 50 suitably journaled 

Formed integral 
With the shaft 5 and driven thereby, is a hori 
ZOntal spur gear 5f meshing with a large spur 
'gear 52 having its hub 53 journaled on bearings 
supported by a vertical shaft 54. The spur gear 
52 has its hub 53 connected to a clutch member 

O 
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55, keyed to the shaft 54, by a multiple disc 
clutch 56 set at a predetermined load, so that 
When the Shaft 54 is overloaded, the clutch Will 
automatically slip to permit relative rotation 
between the gear and shaft. The shaft 54 is 
Suitably journaled in bearings supported by the 
cutter head frame, and has keyed thereto, at its 
OWer end, a chain Sprocket 5. This chain 
Sprocket engages and drives an endless cutter 
chain 58 guided for circulation about the margin 
of an elongated, horizontal, plane Cutter þar 59 
of the kerf cutting means. The cutter bar 59 
is SUpported by a SWiveled hanger frame 69 hav 
ring a circular bearing portion 6 journaled on a 
bearing sleeve 62 supported by a circular bear 
ing Support 63 formed integral with the cutter 
head frame. The cutter bar hanger frame is re 
tained in position. On its bearing on the cutter 
head frame by a thrust ring 64, preferably con 
posed of two Semi-circular parts and secured, 
as by screws S5, to the cutter head frame, and 
this thrust ring cooperates With an annular 
flange 66 formed integral with the bar hanger 
frare. It Will thus be seen that the cutter bar 
is SWingable horizontally relative to the cutter 
head about an " aXis coincident with the longi 
tudinal axis of the Wertical shaft 54. 
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The means for Swinging the cutter bar about 

its pivot comprises a pair of hydraulic cylinders 
68, 68 secured as by clamps 69 to lateral lugs 70 
formed integral with the cutter head frame at 
the Opposite sides thereof, in the manner clear 
ly shown in Fig. 3. These cylinders 68 are ar 
ranged in horizontal parallel relation at the op 
posite sides of the outer horizontal arm 20 of 
the arm structure and respectively contain re 
ciprocable single-acting pistons 7, 7 (see Fig. 
7) having their piston rods 72 extending rear 
Wardly through the packed rear heads 73 of 
the cylinders. Secured to the rearward ends 
of the piston rods 72 are brackets 74 on 
which are journaled roller sheaves 75. A 
pair of cables 76 fixed at one end at 77 to the 
cylinder clamps 69, pass around these roller 
sheaves 75, and extend forwardly along the sides 
of the Outer arm 20 and around an annular 
cable guiding groove 78 formed on a circular 
portion of the cutter bar hanger frame 60 (see 
Fig. 5), and the opposite ends of these cables 
are fixed at 79 to the bar hanger frame, in the 
manner clearly shown in Fig. 7. It will thus be 
seen that when hydraulic pressure is supplied to 
the for Ward end of One of the cylinders and is 
exhausted from the forward end of the other 
cylinder, one of the cables may be deflected 
rearwardly, While the other cable is slackened, 
to effect SWinging of the cutter bar hanger frame 
On its bearing on the cutter head frame, and 
as a result, the cutter bar may be swung hori 
Zontally in One direction or the other about its 
pivot. By trapping the liquid in the cylinders 
the cutter bar may be locked against SWinging 
movement about its pivot relative to the arm 
Structure. 
The means for rocking the kerf cutter carry 

ing cutter head 43 on its bearing to tilt the 
40 cutter bar about a longitudinal axis relative to 

the outer arm comprises, as shown most clear 
ly in Fig. 6, a pair of vertical cylinders 8, 8. 
secured to the arm and preferably formed inte 
gral With the guide brackets 39 and contain 

45 ing piston-like plungers 82. These plungers ex 
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tend downwardly from the cylinders and engage 
lateral shelf-like lugs 83 formed integral with 
the cutter head frame at its opposite sides. It 
will be evident that when hydraulic pressure is 
Supplied to the upper end of one or the other 
of the cylinders 8 and the upper end of the 
other cylinder is connected to exhaust, one of 
the plungers moves downwardly to rock the cut 
ter head in one direction or the other relative 
to the outer arm 20. By trapping the liquid 
within the cylinders the cutter head may be 
locked against tilting movement relative to the 
arm structure. The means for supplying hy 
draulic pressure to the cylinders 68 and 8f will 
be hereinafter described. 
Now referring to the means for Swinging the 

arm structure or boom 5 in a vertical direction 
relative to the swiveled turntable frame 4, it will 
be noted that pivotally mounted on a horizontal 
shaft 85 (see Fig. 4) supported by the bracket 29 
in parallelism with the shaft 28 and below the 
latter, is a relatively large, centrally located, hy 
draulic cylinder 86 containing a reciprocable dou 
ble-acting piston 87 having its piston rod 88 
extending forwardly and upwardly through the 
front packed head 89 of the cylinder. The for 
Ward end of the piston rod 88 is pivotally con 
nected to the horizontal shaft 22 at a point mid 
way between the lower parallel arms 24, 24, the 
upper arm 4 being cut away at 90 to provide 

3 
clearance for the cylinder head as the arm struc 
ture is swung in a vertical direction about its 
pivotal mounting. It will thus be seen that when 
hydraulic pressure is Supplied, in a manner to be 
later explained, to one end or the other of cylin 
der 86 the arm i structure may be swung either 
upWardly or doWnWardly, and by trapping the 
liquid within the cylinder 86 the arm structure 
may be locked in its adjusted position. It will 
further be evident that when the arm structure 
is swung - either upwardly or downwardly about 
its pivot and the pistons of the lower parallel 
arms 24 are in their mid-way positions, shown in 
Fig. 12, the outer arm. 20, together with the kerf 
cutter supported thereby, Will always be main 
tained horizontall. 
The mechanism for rotating the Swiveled turn 

table frame 4 about its axis to Swing the cutter 
supporting arm structure horizontally relative 
to the truck comprises a pair of hydraulic cylin 
ders 92 arranged in longitudinal parallel rela 
tion at the opposite sides of the truck frame and 
having their rear ends pivotally mounted on 
vertical pivot pins 93 Supported within lugs in 
tegral with the truck frame, so that the cylin 
ders are permitted to swing horizontally. Re 
ciprocable within these cylinders are double-act 
ing pistons 94 having their piston rods 95 ex 
tending forwardly through the front packed cyl 
inder heads 96 and pivotally connected at their 
forward extremities by vertical pivot pins 97 to 
lugs 98 integral with the bearing lugs 7. It 
will be evident that when hydraulic pressure is 
supplied, in a manner to be later described, to 
One end of one cylinder and to the opposite end 
of the other cylinder, the pistons may be moved 
in relatively opposite directions to effect turn 
table rotation. By trapping the liquid in the 
cylinders, the turntable frame may be locked 
against rotation. 
Now referring to the improved propelling 

means for the apparatus, it will be noted that 
supported on the rearward portion of the truck 
frame at a substantial distance rearwardly of 
the SWiveled turntable frame for the arm struc 
ture, is a horizontal motor 99 having its power 
shaft () horizontally disposed and extending 
longitudinally of the apparatus. As shown in 
Fig. 8, splined at 0 to the forward end of the 
motor power shaft is a sleeve-like hub 02 of a 
spur motor pinion f3. The hub of the spur mo 
tor pinion is suitably journaled within bearings 
Supported within the frame of a transmission 
gear housing (24 Supported on the truck frame 
in advance of the motor, and the motor pinion 
meshes with a spur gear 05 keyed to the rear 
end of a horizontal transmission shaft fos. The 
transmission shaft 6 is herein arranged in 
parallelism with the motor power shaft, and like 
wise suitably journaled within the transmission 
gear housing 04. Secured to and driven by the 
shaft 6 is a spur gear 7 meshing with a large 
spur gear 8 having its hub journaled on bear 
ings Supported on a horizontal transmission shaft 
C9. The shaft 09 is arranged in parallelism 

With the transmission Shaft G below the latter, 
and is likewise Suitably journaled within the 
transmission housing. Also fixed to and driven 
by the transmission shaft 06 is a worn 9 
neShing. With a horizontal Worm wheel (see 
also Figs. 10 and 11), keyed to the upper end of 
a vertical shaft fl2. The shaft 2 is suitably 
journaled within the transmission housing and 
has fixed thereto and drives a worm 3 meshing 
with a worm wheel í 14 arranged coaxially with 
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4. 
the spur gear 8 and likewise having its hub 
journaled on bearings supported by the trans 
mission shaft S9. The spur gear 8 herein 
constitutes the high Speed terminal driving elle 
nent of the high speed transmission, while the 
worm wheel || 4 constitutes the low speed ter 
minal driving element of the low speed trans 
mission, and these gears 8 and f4 are coin 
nectible by multiple disc clutches 5 and 6, re 
spectively, to the shaft G9. It will thus be seen 
that when one or the other of the clutches 5, 

S is applied, the shaft 9 may be driven either 
at a relatively low speed or at a relatively high 
speed. As shown in Fig. 8, keyed to the forward 
end of the transmission shaft 9 is a bevel gear 

neshing with reverse bevels 8 and 9 and 
driving the latter in relatively opposite directions. 
The hubs of these bevel gears 3 and 9 are 
journaled on bearings supported by clutch men 
bers 28 keyed to a horizontal transmission shaft 
2, and the reverse bevels are alternately con 

nectible in driving relation with the shaft 2 
by multiple disc clutches 22 and 23, respective 
ly, so that the shaft may be driven in One direc 
tion or the other. The shaft f2f extends trans 
versely of the transmission housing and is suit 
ably journaled in bearings supported therein, and 
has keyed thereto, at its opposite ends, chain 
Sprockets 24, 24 connected by endless drive 
chains 25 to chain sprockets 28, 26 keyed to 
rear stub axles 27, 27, respectively. These stub 
axles also have keyed thereto chain sprockets 28 
which are connected by endless drive chains 29 
to chain sprockets 30, keyed to the front axle 
3. The rear stub axles 2 and the front axle 
3 have fixed thereto and drive the truck wheels 

2. From the foregoing it will be evident that 
through the transmission gearing above described, 
the truck wheels may be driven at either a rela 
tively low speed or a relatively high Speed and 
in either of opposite directions at either speed. 
The operating means for the high and low 

speed disc clutches 5, 6 comprises a clutch 
shipper ring 33 surrounding the shaft 89 be 
tween the high and low speed terminal gears 8 
and it, as shown in Fig. 8, and this ring is jour 
naled on ball bearings supported by a sleeve f39. 
in turn slidably mounted on a cylindrical men 
ber 35 supported by the shaft, and this clutch 
shipper ring has projections engaging the ad 
jacent end discs of the clutches, so that when 
the shipper ring is moved in one direction or the 
other, one of the clutches is applied, while the 
other is released. Engaging the clutch shipper 

' ring is a shipper yoke 36 secured to an operating 
Shaft 3 rotatably mounted at its opposite ends 
Within the side walls of the transmission housing, 
and keyed to one end of this operating shaft is 
an upstanding lever 38 pivotally connected at its 
upper end at 39 to a swingable frame 40. This 
frame has a guideway 4 in which is slidably 
mounted a block 42 having a socket 43 for 
receiving an eccentric 44 formed integral with 
a spur gear $5. This spur gear is fixed to a hori 
Zontal shaft 46 extending transversely of and 
suitably journaled within the transmission hous 
ing. Fixed to the other end of the horizontal 
shaft, 46 is a similar spur gear i47, and meshing 
with these spur gears are spur gears 48 and 49 
fixed to operating shafts fi and 5 herein ar 
ranged in allinement on horizontal axes extending 
transversely of and suitably journaled within the 
opposite sides of the gear housing. Fixed to the 
outer ends of the operating shafts 50 and 5 
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are operating handles 52 conveniently located 
at the opposite sides of the apparatus. It Will 
thus be seen that When the Operator grasps. One 
of the handles and rotates the gears, the Shipper 
yoke lever 38 is swung about its pivot to move 
the shipper ring in one direction or the other to 
apply one or the other of the disc clutches. The 
operating means for the reverse bevel clutches 
f22, f23 comprises a similar clutch shipper ring 
f54 with which engages a pivoted shipper yoke 
55 having an integral operating lever 56. 
Mounted within the transmission housing are 
alined horizontal cylinders 57, 57 containing 
pistons 58, 58 having plunger-like piston rods 
engaging the opposite sides of the Outer end of 
the shipper yoke ever 56. Acting on the pis 
tons are coil springs 59 for constantly urging 
the plungers into engagement with the shipper 
yoke lever for normally maintaining the clutch 
shipper ring in its neutral position. When hy 
draulic pressure is supplied, in a nanner to be 
later explained, to one or the other of the cylin 
ders ?57, one of the pistons ?58 may be moved to 
swing the clutch shipper yoke about its pivot, 
thereby to move the clutch shipper ring in One 
direction or the other to apply One of the reverse 
clutches. 
The journal structure for the stub axles 2 is 

clearly shown in Fig. 10 and comprises spaced 
vertical inner and outer frame portions 6 
formed integral With the truck frame and con 
nected by an upper horizontal integral frame 
portion 62, and the vertical frame portions sup 
port alined bearing sleeves 63 in winich the stub 
axles 27 are journaled. In this instance, the 
chain Sprockets 26 are arranged at the inner 
adjacent sides of the inner vertical frame portions 
8?, while the truck wheels and the chain 
Sprockets 23 are Secured to the stub axles be 
tween the vertical frame portions 6. By re 
arranging the position of the Wheels and Sprockets 
with respect to the stub axles, the track gauge 
nay, of course, be varied. 
A hydraulic jack is provided for jackiing the 

apparatus in position on the mine trackWay 
during the cutting operation, and this jack is 
arranged coaxially with the swiveled turntable 
frame 4 and is supported thereby. As shown in 
Fig. 13, this jack comprises a vertical cylinder 
65 containing a double-acting piston 66 having 

its piston rod 67 projecting upwardly through 
the packed upper head 68 of the cylinder. The 
lower cylinder head 69 is seated within a bore 
formed within the circular bearing portion 8 of 
the swiveled turntable frame, and the upper head to 
is arranged in an allined bore, and the cylinder 
heads are secured in position by screws 70 en 
gaging lugs integral with the upper head and 
threadedly secured within the turntable frame. 
The upper extremity of the piston rod is formed 
with a point 7 adapted for reception. Within a 
socket formed Within a conventional mine roof 
jack, and when it is desired to jack the apparatus 
in position on the trackWay, hydraulic pressure 
may be supplied, in a manner to be later de 
Scribed, to the lower end of the cylinder to effect 
upward movement of the piston, thereby causing 
rigid engagement of the mine roof jack With the 
nine roof. When hydraulic pressure is Supplied 
to the upper end of the cylinder, the jack is, of 
course, released. For braking the truck Wheels 
there is provided a truck wheel brake F2 com 
prising a brake drum 3 fixed to one of the rear 
stub axles f27, and With which is engageable a 
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is operated through usual lever and link mecha 
nism 75 by a hydraulic brake release cylinder 
76. The cylinder houses a coiled Spring (see 

Fig. 8) for always urging the brake operating 
means toward brake applying position. 
Mounted for rotation about a vertical axis on 

the rearward portion of the truck frame rear 
Wardly of the truck driving motor 99 is a hori 
Zontal reel 77 for the motive power conducting 
element for the motors 35 and 99, and this power 
conductor reel is adapted to be driven through 
the high and low speed transmission gearings 
above described, by a bevel gear 78 secured to 
the transmission shaft 09 (see Fig. 8). As 
shown in Fig. 9, the bevel gear 78 meshes. With a 
bevel gear 79 secured to a vertical shaft 80 Suit 
ably journaled within the transmission housing. 
Keyed to the lower end of the Vertical shaft 80 
and driven thereby is a chain sprocket 8 con 
nected by an endless drive chain 82 to a chain 
sprocket 83 fixed to the reel drive shaft. The 
reel drive shaft may be frictionally connected in. 
driving relation. With the reel in the manner dis 
closed in my copending application, Ser. No. 
82,154, filed May 27, 1936, patented Sept. 17, 1938, 
No. 2,161,818. It will thus be seen that as the 
apparatus is propelled rearwardly along the mine, 
trackway at either a high or a low Speed, the reel 
TT will be simultaneously driven at a similar 

speed to wind in the power conductor element 
under the control of the high and low Speed disc 
clutches f 15 and 16. When the apparatus is 
propelled forwardly along the trackway, the fric 
tion reel drive slips to pay out the power Con 
ductor element. V 
Now referring to the improved hydraulic fluid 

system and the associated control means for Sup 
plying liquid under pressure to the various hy 
draulically operated devices, it will be observed 
that formed in the gear housing 04 is a chamber 
i90 (see Fig. 8) providing a reservoir for contain 
ing a liquid, preferably oil, and arranged in this 
reservoir is a pump 9 of a conventional design, 
having its pump drive shaft 92 connected 
through a splined coupling connection to a drive 
shaft 93. Fixed to the shaft 93 is a spur gear 
94 meshing with and driven by the high Speed 
terminal gear f08 of the high speed transmission. 
As shown in Figs. 1 and 13, supported on the top 
of the swivelled turntable frame 4 is a front valve 
box 95 containing valves for controlling the bar 
swinging cylinders 68, the cutter head tilting 
cylinders 8, the parallel arm cylinders 25, the 
cylinder 86 for vertically swinging the arm struc 
ture, and the jack cylinder 65, while Supported 
on the top of the gear housing is a rear valve 
box 96 containing valves for controlling the Sup 
ply of hydraulic pressure to the brake cylinder 
76, the cylinders 57 for controlling the reverse 

bevel clutches and the cylinders 92 for horizon 
tally swinging the arm structure. 
Fig. 17, the front valve box 95 has formed there 
in a series of parallel horizontal bores having 
reciprocably mounted therein slide valves 97, 
98, 199 and 200 and a rotary valve 20, while, as 
shown in Fig. 19, the valve box 96 has formed 
therein parallel horizontal bores containing slide 
valves 202 and 203. As shown in Fig. 25, the 
pump f9 has its pressure side connected through 
a conduit 204 to a liquid pressure supply passage 
205 in the valve box 96 and a liquid pressure 
supply passage 206 in the valve box 95, while the 
discharge side of the pump is connected through 
a conduit 207 to the discharge passage 208 of the 

s valve box (96, and the discharge passage 209 

As shown in 

5 
of the valve box. 95. Formed in the valve box 
95 and extending in parallel relation substan 

tially thereaCross are supply and discharge pas 
sages 210 and 2í í communicating respectively 
with the passages 206 and 209, and these passages 
20 and 2 communicate With all of the valve 
bores. 
With the bores containing the slide valves midway 
between the ends...thereof and With one end of the 
bore containing the rotary Valve 20, while the 
discharge passage 2 communicates with the 
Valve bores at the left hand ends thereof, as 
viewed in Fig. 17, and is connected through pas 
sages 22 and 23 with discharge passages. 24 
communicating with the right hand ends of the 
bores for the slide valves, as viewed in Fig. 17. 
The slide valves are herein of the balanced spool 
type comprising spaced end spools 25, 25 con 

The supply passage 20 communicates 
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nected by a reduced portion 26, and the supply 
passage 20 communicates with the annular 
spaces encircling the reduced portions between 
the end Spools, While, the exhaust passages com 
municate with the valve bores at the remote ends. 

Communicating With the of the valve spools. 
bore containing the slide valve? 97 are ports 27 
and 2 18 (Fig. 17), respectively connected by con 
duits 2 ( 9 and 220 (Fig. 25) with the opposite ends. 
of the cylinders 25 of the lower parallel arms 24. 
Communicating with the bore containing the slide 
valve 98 are ports 22 and 222 (Fig. 17), respec 
tively connected by conduits 223 and 224 (Fig. 25) 
to the opposite ends of the cylinder. 86 for ver 
tically Swinging the arm structure. Communi 
cating With the bore containing the slide valve 
99 are ports 225 and 226 (Fig. 17) respectively. 
Connected by. Conduits 22 and 228 (Fig. 25) to 
the upper ends of the cylinders 8 for rocking the 
Cutter head frame about the longitudinal axis of 
the Outer arm. Communicating with the bore 
containing the slide valve 200 are ports 229 and 
230 (Figs. 17 and 18), respectively connected by 
conduits 23 and 232 (Fig. 25) to the forward 
ends of the bar swinging cylinders 68. The bore 
containing the rotary valve 20 has communicat 
ing therewith, respectively at the top and bottom 

by conduits 235 and 236 (Fig. 25) to the opposite 
ends of the jack cylinder 65, and the rotary valve. 
has longitudinal grooves 237 and 238 opening Out 
through the opposite ends thereof respectively, 
for connecting the ports 233 and 234 with either 
the supply passage or the exhaust paSSage. 
In the rear Valve box. 96, the liquid pressure 

supply passage. 205 communicates. With a Supply 
passage 239 (Figs. 19 and 21), in turn communi 
cating with the bore containing the slide valve 
202 midway between the ends thereof, while the 
discharge passage, 208 communicates with dis 
charge passages 240 and 24 (Fig. 19) in turn 
communicating With the bores containing the 
slide valves 202 and 203 at the remote ends there 
of. The slide valve 202 is similar to the slide 
valves above described, and similarly has spaced 
end spools 242 and 243 connected by a reduced 
portion, 244, and the supply passage 239 com 
municates With the annular space Surrounding 
the reduced portion between the Spools. The 
supply passage 239 is communicable With the dis 
charge passage. 208: under the control of a by 
pass valve 245 (see Fig. 19) operable by a pivoted 
lever 246 extending across the top of the truck : 
and provided with handles 247, 247 conveniently 
located at the opposite sides of the apparatus in 
adjacency to the control handles 52 for the high 
and low speed transmission clutches. This by 
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6. 
paSS Valve 245 may be opened to connect, the 
Supply conduit 204 with the discharge conduit 2G 
to relieve the pressure in the Supply passages in 
both Valve boxes, so that the liquid pressure in 
the System may be reduced at Will. The Slide 
valve 203 is herein of the three-spool type having 
end spools 248, 28 (Fig. 19) and a central spool 
29 connected by reduced portions, and an axial 
passage 250 in the valve is connected at its ends 
by radial ports 25 with the discharge passages 
240, 24 respectively, at the ends of the valve bore, 
and radial ports 252 communicate with an an 
nular groove 253 formed centrally on the periph 
ery of the Central Valve Spool 249 and communi 
cating With the Valve bore. Communicating With 
the bore containing the slide valve 292 are ports 
254 and 255 (Fig. 19) communicating, respec 
tively, with passages 256 and 257 connected by 
conduits 258 and 259, respectively, (Fig. 25) with 
the cylinders 92 for horizontally SWinging the arm 
structure, the conduit, 258 being connected to one 
end of one cylinder and the opposite end of the 
other, and the conduit 259 connected to the oppo 
site end of the first cylinder and the opposite 
end of the other. Communicating With the bore 
containing the slide valve 203 are ports 260 and 
26 (Fig. 19) connected by conduits 262 and 263 
(Fig. 25) to the Outer ends of the cylinders 5 
for controlling the reverse bevel clutches, and 
communicating with the valve bore, midway be 
tween the ports 260 and 26, is a port 264 con 
nected by a conduit 265 to the brake cylinder 
76. The supply passage 239 in the rear valve 

box 36 is connected through a port 266 con 
trolled by a ball check Valve 267 (see Fig. 21) 
With a passage 268 in turn communicating. With a 
transverse passage 269 (Fig. 20) , connected 
through ports 2 and 2 With the annular 
SpaceS. Surrounding the reduced portions of the 
valve 23 between the valve spools. The ball 
check Valve permits flow of liquid pressure from 
the supply passage 239 to the passage 268, while 
liquid foW in the reverse direction is automati 
cally prevented thereby. In Figs. 17 and 19, all 
of the slide valves and the rotary valve are shown 
in their closed or neutral position, so that the 
liquid pressure in the supply passages may flow 
past the by-pass Valve 245 through the discharge 
paSSages back to the pump intake or reservoir. 
When the side valves in the front control box 
95 are slid in one direction or the other, certain 

of the ports may be connected to the liquid pres 
Sure Supply, While the other ports are connected 
to the discharge paSSage, so that the various hy 
draulic devices controlled thereby may be oper 
ated in One direction or the other, and when the 
Valves are in the neutral position shown, the 
liquid is trapped Within the hydraulic devices con 
trolled thereby. The ports communicating with 
the bore containing the rotary valve. 20, upon 
rotation of the valve in one direction or the other, 
may be connected either With the pressure Sup 
ply paSSage or With the discharge passage, so that 
the hydraulic jack may be moved either upwardly 
or downwardly, as desired, and when the valve is 
in the position shown, the liquid is trapped with 
in the cylinder to lock the jack in position. 
When the slide Valve 292 in the rear valve box 
95 is slid in one direction or the other, one or 
the other of the ports is connected with the sup 
ply paSSage, While the other port is connected 
With the discharge passage, thereby to effect 
movement of the pistons of the hydraulic swing 
ing Cylinders 92 for the armstructure in one di 
rection. Or the other to Swing the arm. structure 

2,224,872. 
horizontally, in either of opposite directions. 
When the Slide. Wave. 23 in the rear. Valve box 
96 is in the position shown, the reverse bevel 

clutch-operating cylinders 57 and the brake 
cylinder 6 are connected to the discharge pas 
Sage, and When the slide valve is slid in one di 
rection or the other, liquid under pressure is sup 
plied to One or the other of the reverse bevel 
clutch Operating cylinders and to the brake cylin 
der to effect application of one or the other of 
the clutches and to release the brake. When one 
reverse bevel clutch is applied, the brake is al 
Ways maintained released. 
Now referring to the improved operating 

means for the slide valves Si, 98, 99, and 20, 
in the front valve box 95, it will be noted that 
each valve. has a valve stem. 275 (Fig. 17) pro 
jecting. OutWardly from the valve box through a 
Sealing packing 26, and secured to the outer 
end of each waive stem is a grooved member 27, 
and engaged in the grooves in these members are 
Shipper yokes 228, 279, 280 and 284, respectively 
(Fig. 13). The shipper yoke 278 for the side 
Valve 260 is keyed to a tubular operating shaft 
282 (Fig. 14) rotatably mounted in the bore of 
and extending centrally through one of the tubu 
lar shafts i 6 on which the arm structure is piv 
otally mounted. Rotatably mounted in and ex 
tending centraliy through the bore of the other 
tubular shaft 6 at the opposite side of the ap 
paratus, is a tubular operating shaft 283 allined 
With the shaft 282 and having keyed thereto a 
Connecting. member 284, of semi-circular cross 
Section (Fig. 16), keyed at its opposite end to the 
Shaft 282, and the remote ends of the tubular 
shafts 282 and 283 have fixed thereto operating 
levers 285 conveniently located at the opposite 
Sides of the apparatus in adiacency With the con 
trol handles 247 and 52 for the by-pass valve 
and the Speed control clutches of the transmis 
Sion. The Shipper yoke lever 279 for the valve 
99 is keyed to a tubular operating shaft 286 
rotatably mounted in and extending centrally 
through the tubular shaft 282, and this shaft 286 
has keyed thereto a connecting member 287 like 
Wise of Semi-circular cross section" (Fig. 6) and 
extending transversely within the member 284 
and keyed at its opposite end to a tubular oper 
ating shait 288, alined with the shaft 286 and 
extending centrally through and rotatably 
mounted in the bore of the tubular shaft 283, 
and the remote ends of the operating shafts 286 
and 288 have fixed thereto operating levers 289 
located in adjacency to the operating levers 285. 
The Shipper yoke lever 280 for the slide valve 
98 is keyed to a tubular operating shaft 290 
extending centrally through and rotatably 
mounted in the tubular shaft 286 and keyed to 
a connecting member 29, in turn keyed to a 
tubular operating shaft 292 extending centrally 
through and rotatably mounted in the tubular 
Operating shaft 288, and these operating shafts 
290 and 292 have fixed thereto at their remote 
ends; in adjacency to the levers 285 and 289, op 
erating levers 293. The shipper yoke. lever 28 
for the slide valve 91 is keyed to an operating 
Shaft, 294, extending centrally through, and ro 
tatably mounted in the tubular operating shafts 
290 and 292 and have fixed thereto, at its re 
note ends in adjacency to the other levers, op 
erating levers. 295. Each of the operating, Ievers 
has a Spring-pressed locking plunger. 296 en 
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by the bearing shafts S for the arm structure 
and having projecting lugs 299 interlocked at 300 
with notches in the adjacent sides of the SWiveled 
turntable frame, so that the slide valves may be 
locked in their different operative positions. 
Fixed to the plates 29 and projecting out Wardly 
over, the operating levers, are shields 30 for 
protecting the levers. The rotary control valve 
20 for the hydraulic roof jack has a valve stem 
3C 2 (Fig. 17) projecting 'outWardly through a 
sealing packing 383 and having a manual Oper 
atting lever 304. As shown in Fig. 19, the Slide 
valve 202 has valve stems 385 projecting out 
wardly from the rear. valve box 96 through seal 
ing packings 306, and Secured to these valve 
stems are valve operating rods 307 having grasp 
ing portions conveniently located at the opposite 
sides of the apparatus in adjacency to the con 
trol levers above described. Threadedly Secured 

20 within the opposite ends of the slide valve 203 
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(Fig. 19) are valve stems. 398 projecting out 
iWardly from the valve box through Sealing pack 
ings 309 and having operating rods 30 (Fig. 1) 
provided with grasping portions located at the 
opposite side of the machine in adjacency to the 
grasping portions for the operating rods 307. 
Encircling the valve stems and interposed be 
tween the operating rods in the outer sides of 
the valve box are oppositely acting coil Springs 
3 for maintaining the slide valve. 203 in its 
midway neutral position. 

In the modified form of construction shown in 
Fig. 26, the cutter head is inverted, with respect 
to the outer arm or boom portion 20, With the 
kerf cutter in its top cutting position instead of 
in the bottom cutting position shown in FigS. 4 
and 5. In this construction, the bolts Securing 
the cutter head frame to the front motor head 
38 are detached and the head turned through 
180° on its bearing 44, 45 and 46 on the motor 
head 38, and the holding bolts thereafter rein 
serted and tightened to hold rigidly the cutter 
head in position on the outer end of the arm. 
In this modified form of construction, the arm 
structure may be operated to adjust the kerf 
cutter in a horizontal cutting position at the 
roof level and through a series of parallel hori 
zontal cutting planes between the roof level po 
sition and a horizontal cutting position Spaced 
a substantial distance below the roof level, while 
in the embodiment of the invention above de 
scribed, the kerf cutter operates to cut through 
a series of lower horizontal cutting planes in 
cluding a horizontal cutting position at the floor 
level. The cutter head is, of course, tiltable with 
respect to the arm about the longitudinal axis 
fof the arm by means of the hydraulic tilting 
cylinders 8 . . . Otherwise, this form of the in 
vention is identical to that above described. It 
will thus be evident that instead of detaching 
the head and inverting the same, the cutter head 
may be mounted on the outer extremity of the 
horizontal outer arm for rotation. Within its bear 
ing so as to make a complete revolution about its 
axis relative to the arm, and, if desired, power 
Operated means of the type Well known to those 
skilled in the art, may be provided for effecting 
Complete head rotation. 
The general mode of operation of the improved 

coal mining apparatus will be clearly apparent 
from the description given. The apparatus may 
be propelled along the mine trackway from one 
Working place to another by the truck propelling 
mechanism under the control of the high speed 
friction clutch 5 of the high speed transmission 

7 
mechanism driven by the motor 99, or at a rela 
tively low speed under the control of the fric 
tion clutch 6 of the low speed transmission 
mechanism, and the apparatus may be propelled 
along the trackway in either of opposite directions 
at either speed under the control of the reverse 
bevel friction clutches 22 and 23. When the 
working place is reached and it is desired to cut 
a horizontal kerf at the level of the nine floor 
outside and below the level of the mine track 
Way in accordance With the arCWall method of 
cutting, the operator operates the slide valve 202 
to supply hydraulic pressure from the pump 9 
to the swinging cylinders 92 to effect swinging of 
the arm structure 5 horizontally about the turn 
table axis relative to the truck from the cen 
trally located transport position shown in Fig. 1 
to a position wherein the cutter bar 59 is located 
at the right-hand side of the trackWay With its 
pivot lying outside the track Way. As the arm 
structure 5 is swung horizontally about the turn 
table axis relative to the truck franne, hydraulic 
preSSure may be supplied to one of the bar SWing 
ing cylinders 68, under the control of the slide 
valve 29), to effect Swinging of the cutter bar 59 
about its pivot in the opposite direction until the 
tip end of the cutter bar assumes a position at 
the right hand rib. Hydraulic pressure may then 
be supplied to the cylinder 86, for vertically down 
wardly swinging the arm structure, to move the 
cutter bar into a horizontal cutting position at 
the level of the nine floor Outside of the track 
Way, under the control of the slide valve 98. 
When the cutter bar is in a position to cut a hori 
Zontal kerf at the level of the nine floor Outside 
and below the leWel of the mine trackWay, the Op 
erator applies the low speed clutch 6 and the 
for Ward feed reverse bevel clutch 9 of the truck 
propelling mechanism, and the apparatus may be 
propelled bodily along the mine trackway to 
effect sumping of the cutter bar beneath the coal 
seam. Upon completion of the sumping cut, the 
low speed clutch 6 is released and the slide 
valve 203 moved into a position to effect release 
of the reverse bevel clutch and to effect applica 
tion of the truck wheel brake. 
may then be engaged with the hydraulic jack 
piston on the apparatus, and the rotary valve 
2) may then be operated to supply hydraulic 
pressure to the lower end of the jack piston rigid 
ly to jack the apparatiis in stationary position on 
the mine trackway. The operator then moves the 
slide valve 292 into a position to supply hydraulic 
pressure to the cylinders 92 for horizontally 
Swinging the arm structure about the turntable 
axis, thereby effecting SWinging of the kerf cutter 
from its position at the right hand rib transverse 
ly across the coal face into a position wherein the 
tip end of the cutter bar is in adjacency to the 
left hand rib. During horizontal swinging of the 
cutter bar from right to left, the operator may 
move the slide valve 200 into a position to Supply 
hydraulic pressure to one of the bar Swinging 
cylinders 68 to effect SWinging of the cutter bar 
about its pivot in the opposite direction to first 
straighten up the bar and thereafter to move 
the bar into an opposite angular relation, so that 
upon completion of the transverse swinging cut 
the cutter bar is located at the left hand rib 
With its tip end at the left hand rib and its pivot 
located outside and below the level of the track 
way. The valves 200 and 202 are then moved into 
their neutral position, and the valve 203 is moved 
into a position to apply the reverse feed bevel 
clutch and to effect release of the brake, and 
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upon application of the low speed transmission various elevations, in an improved manner. It 
clutch f3, the apparatus is propelled bodily rear 
Wardly along the nine trackway to effect with 
dra Wall of the cutter bar from beneath the coal 
face. Upon proper adjustment of the valves 98, 
2G0 and 202, the arm structure and cutter bar 
are then returned to their transport position in 
dicated in full lines in Fig. 2. During the hori 
ZOntal cutting operation if it is desired to tilt 
the cutter bar to change its angle in altitude 
and to rock the cultter bar edgewise about the 
longitudinal axis of the outer arm 2, this may 
be accomplished by Supplying hydraulic pressure 
to the cylinders 25 of the lower parallel arms 24 
to change the length of the latter and move the 
arms 24 and f4 out of parallelism, thereby to tilt 
the outer arm 2 and cutter bar either upwardly 
or doWnWardly about the axis of the pivotal con 
nection between the outer arm 2 and the upper 
arm 4, and by Supplying hydraulic pressure to 
one or the cther of the rocking cylinders 8, to 
tilt edgeWise the cutter bar about the longitudinal 
axis of the outer arm. 23. If it is desired to cut 
horizontal kerfs in the coal Sean at different, 
elevations with respect to the mine floor, hy 
draulic preSSure may be supplied to the cylinder 
86 to SWing the arm structure 5 upwardly about 
its pivotal connection. With the turntable, and 
in any elevated position of the cutter bar, the 
latter may be Sumped in, swung transversely in 
its plane across the coal face and withdrawn 
from the Coal face in the manner clearly described 
above. During adjustment of the kerf cutter 
into different horizontal cutting positions in hori 
ZOntal planes at different elevations, the parallel 
motion arm Structure, intervening the turntable 
and Outer arm 2G, acts automatically to maintain 
the arm 20 and cutter bar in a horizontal posi 
tion, regardleSS of the angular position of the 
arm Structure about its pivotal connection with 
the turntable frame. By rocking the cutter bar 
about its transverse and longitudinal axes rela 
tive to the parallel motion arm structure during 
the cutting Operation, it is possible to move the 
Cutter bar to accommodate itself to a rolling bot 
tom or pitching coal seam. When the cutter 
head frame is in Verted with respect to the outer 
arm 29, as disclosed in the modification shown 
in Fig. 26, the cutter bar may be operated to cut, 
a horizontal kerf at the level of the nine roof 
Or in horizontal cutting planes at different eleva 
tions with respect to the mine roof, and, as in 
the form of the invention above described, the 
cutter bar may be rocked about transverse and 

55° longitudinal axes during the cutting operation in 
any adjUSted position of the bar. 
As a result of this invention, it will be noted 

that an improved coal mining apparatus of the 
type known as a track cutter is provided, wherein 
horizontal kerfs may be cut in a mine wall at 

will further be noted that by the provision of the 
adjustable. Supporting structure for the kerf cut 
ter, a horizontal cutting apparatus is attained 
having relatively great universality. It Will still 
further be evident that by the provision of the 
improved SWinging and tilting mechanism for the 
kerf cutter, it is possible to move the kerf cutter 
into different cutting positions in an improved 
manner. It will also be noted that by the pro 
Vision of the hydraulic adjusting means for the 
SWinging and tilting mechanisms for the kerf cut 
ter, it is possible to move the kerf cutter at any 
desired Speed under perfect control and to main 
tain the kerf cutter in itS. adjusted position. 
Other uses and advantages of the improved coal 
mining apparatus Will be clearly apparent to 
those skilled in the art. 
While there are in this application specifically 

described One form and a modification thereof 
which the invention may assume in practice, it 
Will be understood that this form and modifica 
tion of the same are shown for purposes of illus 
tration and that the invention may be further 
modified and embodied in various other forms 
Without departing from its spirit or the Scope of 
the appended claim. 
What I claim as new and desire to secure by 

Letters. Patent is: 
In a mining apparatus, in combination, a sup 

port, a Second Support mounted on said first 
Support to rock relative thereto about an axis 
extending longitudinally of said first support, a 
kerf Cutter pivotally mounted on said second sup 
port to SWing horizontally relative thereto about 
a Wertical axis perpendicular to the plane of the 
kerf cut thereby, means for swinging said kerf 
Cutter in either of opposite directions about its 
pivot comprising a pair of parallel cylinders 
mounted on Said latter Support and extending 
longitudinally along the opposite sides of said 
first Support, the forward ends of said cylinders 
extending for Wardly in advance of a transverse 
Vertical plane including the kerf cutter pivot axis, 
pistons reciprocable in said cylinders and opera 
tively connected to said kerf cutter, and means 
for Supplying fluid under pressure selectively to 
Said cylinders, to actuate one or the other of said 
pistons, and means for rocking said second sup 
port in either of opposite directions relative to 
Said first Support comprising a pair of parallel 
cylinderS mounted on said first Support and ar 
ranged in a Vertical position at the opposite sides 
of Said Second Support at the inner sides of said 
first mentioned cylinders, pistons contained in 
Said Vertical cylinders and engaging said second 
Support, and means for supplying fluid under 
pressure Selectively to said vertical cylinders. 
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