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This invention relates to vacuum holders for thinflexi 
ble photographic sheets or fims,and more particularly 
relates to holders havinga large number of suction points 
distributed over the surface of a supporting plate and 
communicating with improved vacuum manifold means. 

It is a principal object of this invention to provide an 
improved Serpentine manifold in a holder of the type in 
which Valve means are provided ateach suction point to 
automatically close the bore extendingfrom the frontface 
Of the plate into the vacuum manifold whenever no film 
OVerlies and cloSes the bore,and Said valve means auto 
matically opening when a film is laid thereover. I am 
aware that there are a number of prior-art patents show 
ing Structures which operatein thissamegeneral way,for 
instance Patents 2,910265,2,753,181,2,782,574,2,594 
337,2425,921,and 2,198,765the valve means being nec 
eSSary to conserve and help maintain adequate vacuum 
when only a relativelyfew suction points are covered bya 
Small-area film. A practical vacuum board usually has 
10,000 Or more Suction-point holes therein,and,ifoniya 
Small Vacuum blower is to be used Such as a domestic 
Vacuum cleaner motor and housing,eficient meansis nec 
eSSary to close the uncovered holes,The presentillustra 
tive embodiment uses a valve system comprising a bore 
containing a ball valve whichis pulled against a Spring by 
the Vacuum torestrict a Smalerbore andtherebyprovide 
the desired valving efect. A leaking action between the 
compreSSed convolutions of the spring assures that when 
the outer end of the suction pointis closed by a film laid 
thereover,the air between the bal and the film wil11eak 
into the manifold by passing between the springconvolu 
tions and thus release the ball to be pushed away from 
Said Smaller bore bythe spring,thereby openingthe valve. 

It is a more specific object of the invention to provide 
improved manifold means behind the pattern of suction 
points and communicating with the bores therethrough. 
Various attempts have been made in the past to improve 
the eficiency of the manifold means,forinstance by di 
Vidingit into Separate concentric compartments,andem 
ployingeither manually or automatically operated valves 
to close or open the partitions between the various mani 
fold compartments,as shownin Patents2.317,348,2,814 
233,2.895706 and 2.914289. The present improved 
Structure comprises a manifold System including one or 
more Continuous manifolds each having a single lengthy 
channel which is folded in a serpentine mannerand com 
municates with all of the suction points1ocated opposite 
it. A Vacuum can be drawn upon the channel ateither 
of its ends,but one of the characterizingfeatures of the 
preSent structure is that there is no place within one 
manifold Where two legs thereofare connectedinparallel 
witheach other. 

Another feature of the improved manifold structureis 
thatthe croSS-Sectionalareathereofatanyparticularloca 
tion is Small as compared with the cross-sectional area 
of many prior art Structures. This factin cooperation 
With the continuous Serpentine channel configuration pro 
Vides the folowing novel operations:Assuminganinitial 
rest condition in which al of the valves are lying open 
and the Vacuum pump is of,when the pump is first 
Started it will immediately draw a vacuum on the valve 
assemblies nearest the conduit which connects the pump 
With the Serpentine passageway,butsince the passageway 
is not Very large in cross-sectional area,there will be a 
considerable amount of impedance to the flow of air 
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2 
therethrough,and therefore there wilinitially be a rela 
tively Steep gradient between the vacuum atthe beginning 
of the Serpentine channel,and the degree of vacuum lo 
cated at a point Somewhat further therealong. Thus,the 
evacuating efort will be applied first to a relatively few 
Valve aSSemblies nearthe beginningofthe Serpentine chan 
nel,and as these valve aSSemblies close,the vacuum gra 
dient Will move along the channel causing each valve 
aSSembly Which is approaches to close in a Sequential 
manner. Thus,itis not necessary for the vacuumpump 
to be capable of closing substantially all ofthe ballvalves 
Simultaneously,but rather the pump need be capable of 
closing only a few of the valve assemblies at a time. 
Later in the present Specification an ilustrative group of 
dimensions and proportions are Specified for the purpose 
of describing a workable embodiment. 

It is another object of thisinvention to provide serpen 
tine manifold means in Which the Vacuum connection is 
located at One corner of the board,but the vacuum draws 
first from the center of the board and later fromits outer 
areas. In a practical camera Set up,the center of the 
board is not a convenient place to attach a vacuum con 
duit because existing camera and Support equipment 
Would be in the way,but,on the other hand,since the 
centermost cluster of holes is usualy covered bythe film 
Sheets,the board is more apt to work wellifthe vacuum 
is drawn directly upon these locations most likely to be 
covered. 

Another object of this invention is to provide a rela 
tively Simple and easily machined Structure which can 
be economically manufactured using inexpensive mate 
rials. One improvement in the present manifold struc 
ture is that the depths of the Vacuum channels as meas 
ured normal to the main face of the boardis only about 
one-eighth of an inch,whereby shallow milling will pro 
Vide adequate depth for the channels. Alternatively,the 
partitions between channels can easily be built up by 
adding Strips to one of the two panel members, 

Another advantage of the present invention is that 
Virtually al of the necessary machining can be performed 
upon both Sides of one main panel member,the other 
panel member requiring no machiningexcept a few holes 
driled therein to facitate Screwing of the rear closure 
panel to the front panel to complete the enclosure of the 
manifold channels. 

Other objects and advantages of the present invention 
Will become apparent during the folowing discussion of, 
the drawings,wherein: 
FIG. 1 is an elevation view of a vacuum film holder 

according to the presentinvention connected with an ex 
ternal Vacuum pump,a portion of the front panel of 
the holder being broken away to show interior manifold 
construction; 
FIG.2 is an enlarged Sectional view taken along line 

2?2 of FIG,1,this figure showing one ball valve closed 
by the Vacuum,and the other bal valve open since its 
holeis closed by an overlyingfilmsheet;and 
FIG,3 is an elevation view of a modified manifold 

Structure in Which the Vacuum pump draws first from 
the center of the board and Subsequentlyfromtheperiph 
eral areas thereof. 

Referring now to the drawings,the figures show em 
bodiments of theinvention whichincludetwo panelmem 
berS. The front panel member 1 has a large number of 
holes arranged in a preferred pattern and passing althe 
Way through it. Each of the holes comprises a main 
bore 2 having an enlarged outer portion 3 and a smal 
inner portion 4,these bore portions extending from the 
front Surface 1a of the panel1 through the rearsurface 
1b thereof The rear Surface has a series of serpentine 
channels5therein which are separated byribs1candone 
continuous paSSage commencing in the center of FIG.1 
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and winding around the figure and eventualy opening 
into anevacuation outlet Sa which connects to a Suitable 
vacuum pump Pthrough a Suitable conduit C,The rear 
surfaces of the ribs lc mate with a rear closure panel 
member ?@ which can best be Seen in FIGS. 1 and 2. 
The rear closure panel member10is attached to the front 
panel member1 by any Suitable means Such as Screws l 
as shownin FIG.2. 

?f it were not for the bores 2,3,and 4,the pump P 
would draw a vacuum upon the channels 5 to the extent 
of its evacuating capability,but where there are a large 
number of bores it becomes eXpedient to control their 
leaking. The manner in Which the preSent board is in 
tended to function is Similar to the functioning of nu 
merous other Vacuum holders Such as the ones ilustrated 
in the patents mentioned above in Which Valve means 
are provided to close any of the bores Which have not 
been covered by film Sheets F or other relatively non 
porous Webs overlying the front face la of the panel i. 
Each valve aSSembly includes Some kind of Vacuum-op 
erated piston means,Such as a bal 6,1ocated in each of 
the major bores 2 and fittingit fairly Shuggly. The ball 
6is retained in the bore 2 by a washer 7 having a hole 
7a therethrough and having a knurled front face 7b. 
Each washer 7 is a press fit in the bore portion 3 and 
Serves to retain the ball 6 So that it cannot fall out of 
the front of the board,The rear bore portion 4is of 
much Smaler diameter than the central bore portion 2 
and joins it at a conical shoulder against which a Small 
coil Spring 8 can be Seated by the ball as Shown on the 
right Side of FIG.2. The coilspring has Several convo 
lutions and normally lies flatin the positionshown to the 
leftin FIG.2whenthevalveis open. 
On the other hand,when a vacuum is drawn upon the 

bore 2 through the manifold 5 and the bore portion 4, 
the ball 6 Serves as a piston which moves toward the 
conical shoulder and thereby compresses the Spring8 until 
it lies thereagainst,as shown to the rightin FIG.2. This 
position is referred to as the closed position of the valve 
aSSembly although as a matter of fact the bore which 
the bal controls is never completely closed as will be 
hereinafter explained. 

Referring again to the structure Shown in FIG,1,the 
Suction points comprising the bores 2,3,and 4 are ar 
ranged in a pattern which covers most of the front face 
1a of the panel1 and whichincludes a series of openings 
arranged along mutualy perpendicular coordinates dis 
posed parallelto the edges ofthe panel. 
FIG.3 Shows a vacuum board similarto that of FIG.1 

but with the entire front panel omitted so as to expose a 
Serpentine System of channelsin which the vacuumisfirst 
drawn on the center ofthe board,and thenprogresses out 
Wardly tOWard the peripheral board areas,Theillustrated 
modification includes a rear panel member 2@ having a 
plurality of ribs 21 attached thereto to form,whenassem 
bled With the front panel member(not shown),chan 
nels Which are about one-eighth of an inch deep and Sev 
eral inches or more wide. The novelty resides in the 
Serpentine lay-out of channels rather thanin their details 
of Structure. For instance,the ribs could be attached 
to the rear of a front panel member if desired. In this 
arrangement,there is a diagonal entrance channel 22 
which directly couples a vacuum conduit C"to the laby 
rinth channel at its center S which channel then folds 
around the center of the board to form one continuous 
paSSage,having no branches or paralel courses,and end 
ing at E. The suction holes on the front panel are dis 
poSed to fallinto a channel,and do not lie opposite any 
of the rib areas2?. 

Operation 
The reasons for the novel structures of the present dis 

closure Will become apparent during the foIowing ex 
planation of operation. Asis recognizedin the priorart, 
it unlimited yacuum pump facities are available,it is 
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4 
not necessary to close the exposed bore holes through the 
front panel member in locations not overlapped by the 
film,but since in most installations itis desirable to USe 
only a relativelysmall vacuum pump P,the cloSure Valves 
shown in the bores become desirable in order to conserve 
the vacuum,especially when only a Smal proportion of 
the bores through the front panel member are COVered by 
a film F. By inspection of FIGS.1 and 3,it will be Seen 
that the vacuum manifolds comprise Serpentine channels 
which are relatively Small in cross-sectional areaS. In 
practical working embodiments of the present invention, 
the channels 5 are milledinto or built up upon one of the 
panel members only to a depth of about one-eighth of 
aninch,and the width ofeach channelis aboutfive incheS. 
Since the channels are of relatively Small croSS-Sectional 
area,when the vacuum pump Pis first Started the end 
of the channel connected to the conduit C or C/ dropS 
in pressure considerably ahead of the time that the preS 
sure begins droppingin the more remotely located chan 
nel portions,and since the channels are So Shalow,the 
air being evacuated is forced to jet past the inner endS 
of the bores thus providing a dust Scavenging action aS 
well as an aireductor action. Thus,even a Smal pump 
P,such as a domestic vacuum cleaner,can commence 
closing the valves located in the Starting portions of the 
channels without havingto immediately evacuate the en 
tire manifold volume, Hence,when the pump P is 
started,the valves close first in the Starting points of the 
channels,and then Successively close in a Sequence Wind 
ingaround the center of the panel and approaching the 
outer restricted or closed end of the channel, 

In a practical board assembly it may be desirable to 
employ Several Serpentine manifolds located behind the 
main panel member and together comprising the Overall 
manifold meanS. 

Referring now to FIG,2,this figure illustrates a Valve 
structure having practical featureS. Experience has 
shown that the presence of dustin most valve Structures 
is very damaging to their operation,and eventualy ren 
ders the device inoperative,The principal advantage of 
the present structureis thatthe valve is Self-cleaning since 
it is the convolutions of the coil Spring 8 Which form the 
valve element. In order to fully understand this action, 
it is desirable to assign dimensions to the embodiment 
shown in FIG.2. ASSume that the bore 4 is drilled by 
a number 30 twist drill and is therefore .128 inch in di 
ameter. Further aSSume that the central bore 2 is a 
1ittle more than 346 in diameter,for example,.189 
inch,the size of a number12 dril. The bal 6 is %6 in 
diameter or.187inch,and the hole 7a in the washer 7 
is the Same diameter as the bore 4. The Spring Wire is 
about 6thousandths in diameter and is wound So that 
when this Spring Spiral is Squashed against the conical 
Shoulder as Shown in FIG,2,there will be about 4 
thousandths of an inch betWeen convolutions. 
As the ball 6 and the Spring 8 are moved back and 

forth between the two diferent positions Shown in FIG. 
2,the relative motion betWeen the Spring convolutions 
will work through any dust which can pass through the 
bore hole 7a from outside the front panel member1 into 
the channel5. When the Valveisin closed position Small 
bleeding action results from the fact that the Spring 
convolutions never precisely mate With each other to 
forma complete Seal. 
The outer Surface 7b of each of the Washers 7 is 

knurled so that minute grooves will be provided on the 
outer surface of each Washer 7 permitting a vacuum to 
be drawn on the film F over aS much of the Surface 
area ofthe washer7asis covered thereby,and not merely 
overthe relatively Small area of the hole 7a. Some prior 
patents have shown other types of roughening of the 
outer surface in the Vicinity of each Vacuum hole,but 
many of these structures require eXpensive concentric 
groove machining of the front plate itSelf The present 
invention is believed to constitute an improvement by 




