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MOBILE AIR LAYER TRANSPORTER 

Gabriel Bouladon, Versoix, Geneva, and Paul Zuppiger, 
Carouge, Geneva, Switzerland, assignors to Spencer 
(lVIelksham) Limited, Wiltshire, England 

Filed Oct. 16, 1964, Ser. No. 404,423 
Claims priority, application Switzerland, Oct. 22, 1963, 
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17 Claims. (Cl. 302-29) 

This invention relates to a mobile air layer transporter. 
According to the present invention there is provided a 

mobile air layer transporter comprising a base including 
an internal chamber having an inlet for connection to a 
source of compressed air and including a top wall having 
an -outer surface defining a glide path along which an ob 
ject to be transported is to travel, a plurality of valve and 
proximity detector means mounted in said top wall -to 
create beneath said object a mobile and localized layer of 
pressurized air capable of supporting said object while 
moving along therewith, each of said valve and proximity 
detector means including a normally closed compressed air 
leakage valve connecting said chamber with the outside 
and adapted to open upon said object being located there 
over to form, in cooperation with neighbouring valves, 
said air layer beneath said object, and a proximity detec 
tor for detecting the presence of said object, each said 
proximity detector being operatively associated with said 
valve for actuation `thereof from a closed position to an 
open position when said object is located in the vicinity 
thereof and from said open position to said closed posi 
tion when said object moves away therefrom, and said 
valve having a nozzle for imparting to the compressed air 
issuing therefrom when in said »open position the form of 
a directed jet oriented in a pre-determined direction in re 
lation to the base. 

For a better understanding of the invention and to show 
how the same may be carried into effect, reference will 
now be made to the accompanying drawings, in which: 
FIGURE 1 is a section through a part of a iirst embodi 

ment of the transporter according to the invention; 
FIGURE 2 is a plan view of a part of this ñrst embodi 

ment; 
FIGURE 3 shows, in vertical cross-section, another 

part thereof; 
FIGURE 4 is a cross-section of a second embodiment 

of the transporter according to the invention; 
FIGURES 5, 6 and 7 are sectional views of modiñed 

cons-tructional details. v 

The transporter illustrated in FIGURE l comprises a 
hollow base 1 the interior of which forms a chamber 2 
connected by a pipe 3 to a compressed air generator (not 
shown). The outer face 4 of t-op wall 5 of base 1 forms 
a glide path along which an object 6 being transported is 
-to progress. The top wall 5 is provided with a plurality 
of differential pistons, such as or similar to pistons 7 and 
8 visible in FIGURE 1. These differential pistons all 
comprise, as may be seen in the case of piston 7, two 
heads: an upper head 11 and a lower head 12. The 
upper head 11 has an area substantially larger than that 
of the lower head 12. These two heads are connected by 
a rod 13. The upper head 11 is slidably mounted in a 
recess 14 formed in the -top wall 5 of base 1 and the rod 
13 extends slidably in a central hole 15 passing through 
the remainder of -top wall 5. The upper head 11 is thus 
exposed to the outside air whereas the lower head 12 is 
located in chamber 2. The length of the rod 13 is such 
that in 4the raised position of the diiferential piston the 

` upper head 11 is flush with the glide path 4 and the lower 
head 12 abuts against the inner face 4' of wall 5. Through 
rod 13 is formed an axial passage 16 one end of which 
~ends in a nozzle 17, embedded in the upper head 11 and' 
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provided with an outlet 18, and the other end of which 
merges with a radial oriñce 19 opening in the side sur 
face of rod 13 at a location such that this oriiice be wholly 
clear of wall 5 when the upper head 11 is fully depressed 
in recess 14 and fully closed by said wall when the upper 
head 11 lies ilush with glide path 4. A sealing ring 20 is 
embedded in wall 5 for engagement by the lower head 12 
to prevent the escape of compressed air. The orifice 19 
thus forms, together with hole 15, a slide valve which 
only allows air to escape from chamber 2 towards the 
outside when the upper head »11 of the diiîerential piston 
is depressed in recess 14. Channels 21 and 22 connect 
the bottom of recess 14 with the bottoms of the corre 
sponding recesses of the neighbouring differential pistons, 
and constitute a network which communicates with the 
outside via a passage 23 to avoid the build-up of an air 
cushion beneath the upper head 11. The -ratio between 
the area of upper head 11 and the area of lower head 12 
is so chosen that the force exerted on the upper head by 
the atmospheric pressure p0 is only slightly less »than that 
exerted on the lower head by the pressure pc prevailing in 
chamber 2. 

In the absence of the object being transported, the up 
per head 11 is subjected to atmospheric pressure po 
whereas the lower head 12 is subjected to the pressure pc 
prevailing in chamber 2. In view of the ratio between 
the areas of the heads, the diiferential piston is normally 
in its raised position, as shown for piston 7. The slide 
valve formed by the inner oriñce 19 and by the hole 15 
is thus closed and this diiferential piston position is 
termed the closure position. When the object being 
transported 6 reaches a differential piston and if this ob 
ject is supported by a ñow of air in the form of a layer 
located between itself and the glide path 4, which flow 
is represented by arrows 25, 26 and 27 in FIGURE 1, 
the pressure p1 tha-t prevails in this ñow is «greater than 
the atmospheric pressure p0 and, if the ratio between the 
areas of the upper and lower heads is suitably chosen, the 
force exerted by this pressure p1 on the upper head is 
greater than that exerted on the lower head by »the pres 
sure pc prevailing in chamber 2. Since channels 21 and 
22 avoid the build-up of an air cushion beneath the up 
per head, the diiîerential piston moves down. In the 
lowered position, termed the open position, the piston 
opens the slide valve thereby contributing to the forma 
tion of the air layer beneath the object, VThis is what is 
shown for piston 8. It will thus be observed that each 
diilerential piston acts as a proximity detector which actu 
ates the corresponding valve formed by hole 15 and ori 
fice 19 as soon as the object being transported 6 reaches 
the piston. `Upon the object moving away, the atmos 
pheric pressure again acts on the upper head so that the 
differential piston moves back to its closure position to 
close t-he valve. The layer of air supporting the object 
only exists beneath the latter: it is mobile and accom 
panies the object during its forward travel. The use of 
proximity detectors which react to a mere change of pres 
sure brought about by the presence of the transported 
object to the exclusion of any direct mechanical Contact 
with the latter, has the advantage of eliminating any fric 
tion between the object 6 and the base 1. ' 

.In the above-described transporter, the proximity de 
tector and the valve as such are combined in a single de 

I't will be understood that 

ice 

the valve; the main consideration is that it actuates the 
valve as soon as the object comes to overlie i-t. lMore 
over, any kind of proximity detector may be envisaged 
provided it does not come into direct mechanical contact 
with the object. The nozzle 17 -has the effect of impart 
ling to the air escaping from the upper head the form of 
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a directed jet. The orientation of lthis jet is, as regards 
piston 8, perpendicular'to the -glide path 4 Since the nozzle 
has an outlet 18 located in the alignment of channel 16. 
This jet only exercises on the object 6 a purely support 
ïing action and the valve producing such a jet may be 
termed a supporting valve. It is optional however to give 
to the yjet an oblique direction in relation to >the glide 
path. This is lthe case with differential piston 9 (FIG 
UR-E 3) whose nozzle 30 has an Voutlet 31 forming an 
angle with the corresponding channel 32. The jet then 
exercises in addition to a supporting action, a thrusting 
action parallel Íto the glide path 4. If this thrust is paral 
lel to the direction of movement of the object, it con 
tributes to the propulsion thereof. A valve whose jet is 
so directed constitutes a supporting-propelling valve. If 
the thrust is perpendicular to the direction of movement 
of the object, it contributes to the lateral guiding thereof 
and such a valve acts as a supporting-guiding valve. 
Finally, if the thrust is .oblique in relation to the direction 
of movement of t-he object, it contribute-s simultaneously 
to the propulsion and to the `guidance of the object: such 
a valve acts as a supporting-propelling-guiding valve, 
whose thrust has a propulsion component and a guidance 
component. 
The base 1 is provided with a plurality of valves actu 

ated by diiïerential pistons. There are various possibili 
ties as regards the nature and arrangement of these valves. 
In a first case, all of the valves are supporting valves: the 
base then only supports the transported object, the pro 
pulsion thereof Vbeing carried out by any suitable means 
independently of the supporting action. lIn a second case, 
the plurality of valves includes ,both supporting valves 
and supporting-propelling valves: the base thus serves 
both to support and to propel the object. If the arrange 
ment includes moreover supporting-guiding valves dis 
posed so that their guiding thrust be directed towards the 
middle of the base, the latter can then serve simultaneous 
ly to support, propel and guide the object. The same ap 
plies if the valves are all supporting-propelling-guiding 
valves whose guidance components are ldirected towards 
the middle of the base. 
FIGURE 2 shows a base provided with the four kinds 

of valves, the nonpurely supporting valves being identi 
tied by arrows appended to some of them, which arrows 
represent the thrust exerted by the directed jet issuing 
therefrom. Thus, arrow 40, which, starting from the 
outlet 43 of valve 42, points in the direction ot move 
ment of the transported object 6, as represented by arrow 
44, indicates that valve 42 is a propelling valve. ‘Arrow 
45 of valve 46 is perpendicular to this direction of move 
ment: this valve 46 is a guiding valve whose thrust is 
directed towards the longitudinal axis 47 of base 1; valve 
48, which is symmetrical to the latter in relation to the 
longitudinal axis 47 of the base, is also a guiding valve 
whose thrust is directed, as shown by arr-ow 49, in a 
direction opposite to that >of valve 46, but, as in the case 
of the latter, towards the longitudinal axis 47. As re 
gards valve 50, it is of the mixed type: the thrust it ex 
erts, represented by arrow 51, is oblique in relation to the 
direction of movement 44 of object 6 and directed to 
wards the axis 47 of the base, so that the thrust of this 
valve 50 has a propulsion component and a guidance 
component, the latter being directed towards the middle 
of the base. 

The transporter operates as follows: The object 6 is 
carried by a layer of air, represented by arrows 52. The 
valves successively encountered by this object open under 
the action of the proximity detectors; the propulsion 
thrusts cause it to move forward and the guidance thrusts 
prevent it from slipping sideways in relation to its in 
tended direction of movement. 
The distribution of the valves of ditîerent kinds as il 

lustrated in FIGURE 2 which shows one central row A of 
supporting propelling valves, two rows B1 and B2 of sup 
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4 
porting only valves, two rows C1 and C2 of supporting 
propelling-guiding valves and four rows D1, El and D2, 
E2 of supporting-guiding valves, is, clearly, arbitrary. 
The only condition to be respected is that any thrust per 
pendicular to the longitudinal .axis 47 of the base be di 
rected towards the latter. Apart from-this condition, any 
distribution is permissible; only the weight, the size and 
the shape of the object may make it preferable t-o resort 
to a particular distribution. 
As stated earlier, the valves »are always closed in the 

absence of object 6 and only open under the action of 
the pressure prevailing within the air layer that supports 
the object. To ̀ cause the valves to Vopen when an object 
is laid on .the b-ase and vto create the ini-tial air layer, some 
nozzles are provided wit-h a boss or raised portion, such 
as the annular flange 34 of nozzle 30 of t-he differential 
piston 9 (FIGURE 3). This boss slightly tops the upper 
head 33, by a height such that when an object is laid on 
this piston, it causes the latter to be depressed thereby 
partially opening the valve; the resultant leakage initiates 
the air -layer andthe va-lve then opens fully. The height 
of this boss is however sufficiently low not to come into 
contact with the object when the object is fully open. 
'Ilhis arrangement is useful not only when an object is 
being loaded on the transporter, but also when the 
opera-tion of the latter is being resumed after an inter 
ruption in .the course of which the base Vremains loaded, 
for example when resuming work in a plant. It is how 
ever not necessary that all valves be provided with such 
:a boss: it suñices that some be so provided, in particular 
at the loading points of the :transporte-1'. ' 

If the objects to be transported always have an identical 
shape, the glide path may assume the Iform of a trough 
having =a cross-section which follows, at least partially, the 
,shape of the objects, as shown in FIGURE 4 wherein 
the base 1 has a ,glide path 4 corresponding vto the con 
tour of the lower portion of object 6. 
The fact that ̀ the outlet such as 18 of channel 16 (FIG 

URE 1), or 31 of channel 32 (FIGURE 3), should be 
formed in aV nozzle, such as 17 or 30, has the advantage 
of making it possible readily to modify the valve lay-out 
of the base. It suñices that these nozzles be interchange 
able to enable a change in the distribution of the sup 
porting forces and of the thrusts by modifying the dis 
tribution of the straight outlet nozzles and of the oblique 
outlet nozzles. Moreover, this construction makes it 
possible easily to modify the propulsion thrust and guid 
ance thrust distribution: it suffices to modify the orienta 
tion of the oblique outlet nozzles. Blocking means for 
preventing inadvertent changes in orientation during use 
must however be provided. One possibility consists in 
making these nozzles out of plastic material and to pro 
vide them with a retaining bead 24 which enable them 
Ito be mounted with a tight fit, this bead serving -to retain 
the nozzles within the head and to prevent inadvertent 
changes in orientation. ì 
As regards the differential pistons, they can be con 

structed in various ways. A ñ-rst modiñed construction 
is illustrated in FIGURE 5. The upper head is formed 
by a disc 35 which is peripheral‘ly connected to a skirt 
36 by »a thin and iiexible annular portion 37 acting as a 
joint. This shirt 36 is mounted with a force ñt in the 
recess 14 kformed in the top wall 5. Skirt 36 and disc 3S 
form a unit with rod 38 and are, for example, made in 
one piece out of plastic material. A spli-t annular spring 
c‘lip 39' is mounted at the end 39 «of rod 38, which end 
acts as the lower head of the di?'erential piston. The 
clip has a conical outline thus enabling the arrangement 
to be placed in position by Vsimultaneously forcing skirt 
36 into recess 14 and clip 39’ into hole 15, the clip eX 
panding upon emerging in chamber 2 to form an abut 
ment that prevents disc 35 from projecting above the guide 
path 4. The disc 35 is provided with a nozzle 35’ simil-ar 
to the previously described nozzle. 

It may be advantageous, when using a plastic material, 
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to mould together several discs similar to disc 53 (FIG 
URE 6) and to make a sheet 53 for covering the glide 
path 4. This sheet 53 is provided with la plurality of thin 
and flexible annular zones, such as 54, the portion 55 
inside each of these zones, constituting the upper head 
of a differential piston, being provided with a protruber 
ance 56 acting as a rod for the latter. Each rod is pro 
vided with a spring clip 57 having a conical outline, 
similar to clip 39’ of the previous modified construction, 
and the distance between adjacent annular zones is such 
that the latter .are located opposite the recesses 14 formed 
in the top wall 5 of the base. This sheet S3 is applied 
over the glide path 4, with clips 57 being forced through 
holes 115, and is 'held in -place by means of flat-headed 
screws screwed lthrough holes 58 into threaded bores 59. 

Another modified construction for `the differenti-al pis 
ton, shown in FIGURE 7, consists in giving to the upper 
head of the pis-ton lthe shape of a deformable diaphragm 
60 which is connected at «its centre -to rod 61 and which is 
secured at its periphery to glide path 4. lIn this arr-ange 
ment also, it may be advantageous to connect together 
several »diaphragms so as to form ya sheet 62 which is 
rendered locally ñexible opposite recesses 14 formed in 
the top wall 5 of the base, said sheet covering the glide 
path and being secured thereto by any suitable means, for 
example by screws 63. 
We claim: 
1. A mobile -air layer transporter comprising a base 

including an intern-al chamber having an inlet for con 
nection to a source of compressed air and including a 
top wall having an outer surface defining a glide path 
along which an object to be transported is lto travel, a 
plurality of valve and proximity detector means mounted 
in said top wall to create bene-ath said object a mobile 
land local-ized layer of pressurized air capable of support 
ing said object while moving along therewith, each of said 
valve means including a normally closed compressed air 
leakage valve connecting said chamber with the outside 
`and adapted to open upon said object being located there 
over, bu-t out of contact with said valve, .to form, in 
cooperation with neighbouring valves, said air layer be 
neath said object, »and a proximity detector adjacent to 
each valve for detecting the presence of said object, said 
proximity detector being disposed within said top wall 
for movement therein, and being operatively associated 
with said valve for actuation thereof from a closed posi 
tion to an open position when said object is located in 
the vicinity thereof and from said open position to said 
closed position when said object moves away therefrom, 
and each said valve having a nozzle for imparting to the 
compressed air issuing therefrom When in said open posi 
tion the form of a directed jet oriented in a pre-determined 
direction in relation to the said top wall. 

2. A transporter according to claim 1, wherein said 
proximity detectors are responsive to the pressure exerted 
thereon by said air layer. 

3. A transporter according to claim 2, wherein said 
base includes for each of said proximity detectors a recess 
formed in the outer portion of said top wall and a pas 
sage extending -through the remaining portion of said top 
wall from the bottom of said recess to said chamber, and 
each of said proximity detectors includes a first head mov 
ably mounted in said recess and subjected to pressure ex 
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erted thereon outside said base, a rod extending slidably i 
through said passage and having one end connected to 
said first head, and a second head at the opposite end of 
said rod and subjected to the pressure exerted thereon by 
said compressed air in lsaid chamber, said first head hav 
ing an area greater than that of said second head in order 
to form together a differential piston, `said base further 
including means for preventing the build-up of an air 
cushion in said recess when said first head is depressed 
therein. 

4. A transporter according to claim 3, wherein said 
first head has an area such in relation to the area of said 
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6 
second head that the force exerted on said second head 
by the pressure is less than that exerted on said first head 
by the pressure prevailing in said air layer, and greater 
than that on said first head by the ambient room pressure, 
thereby to depress said first head, when said object is lo 
cated in the vicinity thereof, towards the bottom of said 
recess to move said differential piston from a valve clos 
ing position to a valve opening posi-tion, and thereby to 
move said first head, when said object has moved away 
therefrom, away from the »bottom of said recess to return 
said differential piston from said valve opening position 
to said va'lve closing position, said rod having a length 
such that in the valve closing position of the differential 
piston said second head abuts the inner surface of said 
top Wall and said first head is substantially fiush with -said 
glide path. 

5. A transporter according to claim 3, wherein the 
means for preventing the build-up of an air cushion in 
said recess includes a plurality of balancing channels con 
necting the bottom portion of said recess to the bottom 
portions of neighbouring recesses to form a network of 
such channels. 

6. A transporter according to claim 3, wherein said first 
head consists of a disc slidably mounted in said recess 
and in substantially fluid-tight engagement with the side 
walls of said recess. 

7. A transporter according to claim 3, wherein said 
first head consists of a disc, said recess is lined by an an 
nular member mounted in said recess with a tight fit, and 
said disc and said annular member have therebetween a 
thin and fiexible annular recess sealing member. 

8. A transporter according to claim 3, wherein said 
first head consists of a disc having at ̀ the periphery thereof 
a thin and flexible annular recess sealing member secured 
to the adjacent portion of said outer surface of said top 
Wall. 

9. A transporter according to claim 3, further compris 
ing a sheet ‘covering the non-recessed portion of the top 
wall of said base, and wherein said sheet and the upper 
head of each of said differential pistons have therebetween 
a thin and fiexib‘le annular recess sealing member. 

10. A transporter according to claim 3, wherein said 
nozzle is provided in said differential piston upper head, 
said vaLlve further having a passage extending through said 
piston rod, said passage having one end communicating 
with said nozzle and the opposite end terminating at an 
orifice formed in the side surface of said rod at a location 
such that said orifice is closed by the wall of said hole 
when said differential piston is in said valve closing posi 
tion and communicates with said chamber when said pis 
ton is in `said valve opening position, whereby said valve 
constitutes a slide valve. 

11. A transporter according to claim 3, wherein said 
differential piston upper head has a recess of circular 
cross-section in ‘which said valve nozzle is removaly and 
rotab‘ly m-ounted with a tight fit to prevent undesired 
movement thereof, said valve further having a passage ex 
tending through said piston rod, said passage having one 
end communicating with said nozzle and the opposite end 
terminating at an orifice formed in the side surface of said 
rod at a locati-on such that said orifice is closed by the 
Wall of said hole when said differential piston is in said 
valve closing position and communicates with said cham 
ber when said piston is in said valve opening position, 
whereby said valve constitutes a slide valve. 

12. A transporter according to claim 1, wherein said 
nozzle of at least some of said valves has an outlet pas 
sage perpendicular to the adjacent portion of the outer 
surface of said top wall, whereby said valves constitute 
object supporting valves. 

13. A transporter according to claim 1, wherein said 
nozzle of at least some of said valves has an outlet pas 
sage which is oblique in relation to :the adjacent portion 
of the outer surface of said top wall and which is directed 
towards the mean course of said glide path and perpendi 
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cularly thereto, whereby said^va1vesconstitute object sup 
porting and vgui-ding Valves. 

14. A transporter according to claim 1, Vwherein said 
nozzle -of at least some of said valves has an outlet pas 
sage which is oblique in relation to the adjacent portion of 
the outer surface of said top wall and which has a com 
ponent directed parallel to »said glide path, whereby said 
valves constitute object supporting and propelling valves. 

15. A transporter according to claim 1, wherein said 
nozzle of at least some of said valves has an outlet pas 
sage which is obliquerin reílation t-o the adjacent portion of 
the outer surface of said top wall and which is directed 
towards the mean «course of said. glide path and at an angle 
thereto, whereby said'valves constitute object supporting, 
guiding and ~propelling valves. 

16. A transporter according -to claim 1, wherein said 
valve and said proximity Adetector of each of said valve 
and proximity detector means are combined to form a unit 
and wherein at least 'some of ̀ said units have a raised por 
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8 
tion projecting slightly beyond ythe upper surface of said 
top Wall only ̀in vthe closedpositionV ofvsaid valve. 

17. A transporter according Vto claim 1, wherein the 
upper surface‘of atleast some of-said plurality of valve 
means has a raised portion comprising ari-annular bead 
disposed about the nozzle thereof, said bead projecting 
slightly above said top wall only in ¿the Vclosed position of 
said valve means. 
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