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9 [57] ABSTRACT 

A document transport and registration apparatus is 
provided comprising an idler roller and a frusto 
conical drive roller which cooperate in pinching en 
gagement to advance'a document along a predeter 
mined path. The drive roller is of ?exible, resilient ma 
terial which is deformed radially when advancing the 
document, whereby a misaligned document is auto 
matically brought into alignment and registration with 
a guide edge. 

10 Claims, 13 Drawing Figures 
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1.1 

DOCUMENT TRANSPORT AND REGISTRATION 
‘ APPARATUS‘ ' \ ' 

The present invention is generally: related to business 

port apparatus which automatically brings documents 
into proper alignment and engagement with‘ a‘ docu 
ment registration edge. . ' . - . _ I 

In recent years, various machines. have been pro 
.posedor manufactured which process documents to 
extract information therefrom by techniques,’ such as 
optical character recognition (OCR), or mark sense 
reading. One such apparatus is disclosed by U.S. Pat. 

- No. 3,684,076 assigned to the assignee of- the present 
invention. This apparatus receives a marked document 
through anvinput opening and?reads certain marked 
data by way of an appropriate read head. Preferably, 
the document is arranged in adjacent rows and columns 

‘ de?ning spaces .for the .marked‘data. ‘A modified ver‘ 
sion of this apparatus-.is presently available which re 
verses the direction of document travel after it has been 
read, whereby the document exits through theinput 
slot or opening. 

, In order to assure proper reading with either of the 
above devices, the document must be in proper align 
ment prior to reaching the read head. This may be 
achieved manually, upon insertion of the document 
into the machine. However, it would be desirable to 
provide some means of automatic registration in order 
to avoid misregistration due to human error. Various 
conventional arrangements have been proposed and 
utilized in the past which effectively shift such docu 
ments into engagement with a registration edge. One 
common arrangement utilizes a roller mounted at an 
angle to the direction of document travel to effect 
lateral displacement of the document-until it is flush 
with a guide vedge; This, however, requires special 
mounting hardware for the drive roller. Also, such an 
arrangementis highly sensitive 'to the offset angle, re 
sulting in overdriving or underdriving the document 
laterally with respect to the registration edge either 
buckling the document against the guide edge, or shift— 
ing the document an insufficient distance to achieve 
registration. This approach is also‘ inappropriate if the 
document travel is reversed, as the document will be 
shifted out of registration upon reversal and will be 
improperly positioned if a printing operation is to be 
performed. Other conventional document registration 
devices have proven to be equally complex in nature or 
unsatisfactory in operation. » 
Therefore, it is an object of the'present invention to 

provide a novel document transport and "registration 
apparatus which is of relatively simple construction, yet 
provides automatic document registration'and highly 
reliableoperation. . , ‘ 

Another object of the present invention is to provide 
a unique document transportv apparatus comprising a 
drive roller of generally conical. configuration which 
drivingly engages a documentto advance such along a‘ 
path of travel and shift such laterally into engagement 
with a registration surface. _ ' 

~ It is a further object of- the present invention to pro 
vide .a versatile document transport apparatus includ 
ingv a drive roller of ?exible, resilient construction and 
normally of frusto-conical con?guration which. is de 
formed in the areaof engagement, with a document, 
whereby the document is shifted laterally during trans 

2 
= port to bring such in engagement with a registration 
surface. - ' 

i , Still another;object of the present invention is to 
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_ machines and, more particularly,’ to a document trans- ‘ ' 

provide a document transport apparatus which bring 
the document‘ into registration with an edge'during 

‘ forward travel and also maintains such registration 
' vwhile the document is driven in the reverse direction. 

' BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the apparatus of the 
present invention with a typical document inserted 
therein. ' 

~~ '~ FIG. 2 is a sectional view taken along section 2-2 of 

15 
FIG. 1. 
FIG. 3 is a sectional view taken along section 3--3 of 

‘ FIG. 2. . ' 
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FIG. 4 is a sectional view similar to FIG. 3 but with 
the document removed. '7 

FIG. 5 is a cross section of the drive roller associated 
with the present invention. 
FIG. 6 is a simpli?ed top plan view of the drive roller 

illustrating its distorted con?guration and contact area 
when driving a document in the forward direction. 
FIG. 7a is a diagrammatic illustration of the forces 

acting upon a document presented out of registration. 
FIG. 7b is a diagrammatic illustration of the forces 

acting on the document as it is brought into partial 
registration. I 

‘ FIG. 70 is a diagrammatic illustration of the forces 
acting upon the document after it is brought into 
proper registration. ‘ 

FIG. 8 is a simpli?ed top plan view of the drive roller 
illustrating its distorted configuration and contact area 
when driving a document in the reverse direction. 
FIGS. 9a, 9b, and 9c are diagrammatic illustrations of 

the document and forces acting thereon as the docu 
ment is driven in the reverse direction. I 

DESCRIPTION OF THE PREFERRED 
' EMBODIMENT 

Referring now, morev particularly, to FIGS. 1 and 2, 
the document transport and registration apparatus of 
the present invention is generally indicated by the nu 
meral l0 and includes a rigid, elongatedmember 12 
having a generally planar document support surface 14. 
An appropriate document, such as that indicated at 16, 
is received at one end of support surface 14, preferably 
by manual insertion, and it is grasped between a pair of 
rollers which drive the document in the direction of 
arrow l8,'as hereinafter explained. ' > 

Document support surface 14 is bounded on one side 
by a registration member 20 de?ning an edge guide for 
the document. , Preferably, the support surface is 
bounded on the opposite side by an upturned edge 22, 
which is spaced from registration edge 20 by a distance 
greater than the width of the documents which the 
apparatus is intended to handle. This wide spacing is 
necessary to permit the operator of . the machine to 
readily insert the documents without jamming, sticking 

. or‘ the like. Furthermore, such spacing permits the 
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apparatus to accommodate documents of different 
widths. As mentioned above, one problem inherent 
with such a spacing arrangement is that documents may 
be inserted in a tilted orientation or totally out (if-regis 
tration with the registration or edge guide 20.3This is 
solved by the unique drive roller arrangement, herein 
after explained. ‘ 
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The type of machine with which the apparatus of the 
present invention is utilized typically includes an opti 

. cal read head 24 which reads information from the 
- document as it is transported thereunder. This informa 
tion maybe in the form of marked sense data which is 
presented on a format arranged in rows and columns on 
the document. In such application, it is essential that 
the document be in proper orientation and registration 
when'the‘data-bearing portion of the document passes 
under the read head. When a document is inserted into 
the apparatus, it is grasped between a drive roller 26 
and idler roller 28 which normally engage each other 
through an aperture 30 formed in support member 12. 
Idler roller 28 is rotatably mounted to one end of a 

, shaft 32, the opposite end of which is supported by a 
bearing 34 held in place by appropriate means, not 
illustrated. Preferably, the idler roller is of relatively 
rigid construction and serves to maintain the document 
inlvpositive engagement with drive roller 26. It will be 
appreciated that means other than the idler roller, such 
‘as a ‘stationary low-friction member, or group of small 
rollers, maybe utilized to back up the document and 
maintain such in proper engagement with the drive 
roller. 
A drive shaft 36 is rotatably supported by a bearing 

38 and is driven by an electric motor 40 by way of a 
belt and sheave transmission 42, or other appropriate 

"means'D'rive roller 26 is affixed to the end of shaft 36 
for rotation thereby. Each document which is handled 

"is brought'into registration by the drive roller 26 which 
is ?exible, resilient construction and tapered along its 
axial extent. Preferably, the drive roller is of generally 
conical, or frusto-conical con?guration when unde 
formed. 
With particular reference to FIGS. 3 and 4, it will be 

' observed that when a document is inserted between the 
drive and idler rollers, the drive roller is deformed to 
the extent that it is somewhat ?attened in the area of 
contact with the document. The rigid idler roller 28 
which maintains the document in contact with the drive 
roller and substantially coplanar with support surface 
.14‘. ‘As the drive roller is rotated, the momentarily ?at 
tened area of the roller returns to its original con?gura~ 
tion". It is this ?exing action at the interface between the 
document and drive roller which imparts forces to the 
document which ultimately effect a lateral shift of the 
document‘ toward the registration edge, as hereinafter 
explained. 
The thickness of document 16 and distortion or de 

formation of the drive roller 26 is exaggerated some 
what in FIG. 3. In a typical application, the documents 
are of paper or similar flexible material, ranging from 
0.003 to 0.015 inches'in thickness. Very satisfactory 
registration has been achieved with such document 
when the drive roller is positioned to provide approxi 
mately 0.035 inches radial de?ection when in engage 
ment with the document. It will be appreciated that 
,whenuutilizing these parameters the drive roller will be 
in positive engagement with the idler roller in the ab 
sence of the document, as illustrated in FIG. 4. 
With particular reference to FIG. 5, the construction 

of the.drive roller may be seen in more detail. Prefera 
bly, the drive roller 26 is bonded or otherwise affixed to 
hollow support shaft 43 which in turn is connected to 
drive shaft 36 for rotation thereby. Preferably, the 
drive roller is made of a urethane elastomer, such as 
Cyanaprene A9. Cyanaprene is a registered trademark 
and product of American Cyanamid. Preferably, the 
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larger radius end of the frusto-conical roller is of hol 
low configuration as indicated at 44, whereby the outer 
peripheral. edges 45 are free to ?ex when driving a 
document in the forward or reverse direction. Very 
satisfactory results have been achieved when utilizing a 
roller of con?guration illustrated in FIG. 5 made of 
Cyanaprene of 75: 5 Shore A Durometer hardness, a 
diameter of 0.700 inches at the larger end with a rim 
thickness of 0.085 inches, and positioning the roller in 
the apparatus to provide a radial de?ection of 0.035 
inches when engaged by a document. Of course, it is 
not intended that the present invention be in any way 
limited to such parameters. 
Referring now, more particularly, to FIG. 6, it will be 

observed that when a document is driven in a forward 
direction as indicated by arrow 46, the drive roller is 
distorted somewhat due to the reaction forces exerted 
thereon. This distortion causes the leading and trailing 
edges of the roller in the top plan view to become axi 
ally displaced by an amount indicated by 11,. The actual 
distortion is exaggerated somewhat for the sake of 
clarity in the drawings. The contact area between the 
roller and document is indicated in dash line at 48. It 
will be appreciated that as the roller is rotated, the left 
side of the contact area remains in contact with the 
document for a longer period of time than the right 
side. This, in effect, transmits a clockwise torque to the 
document which is instrumental in bringing the docu 
ment into proper registration. It will also be appreci 
ated that the distortion of the roller shifts the centerline 
of the contact at a slight angle to the registration edge 
as indicated at 49. This causes some lateral shift of the 
document, in addition to the document rotation as 
hereinafter explained. 
Referring now, more particularly, to FIGS. 7a-7c, the 

forces which act upon the document to bring such into 
registration may be more fully understood. As men 
tioned above, due to the width of the input opening and 
variations in document size, it is possible that a docu 
ment may be inserted both at an angle to the intended 
path of travel and spaced from the registration edge. 
This condition is illustrated in FIG. 7a. As observed in 
FIG. 6, the contact area is distorted, such that the force 
imparted to the document is at a slight angle toward the 
registration edge. This driving force is indicated by the 
vector F1. The tapered drive roller also imparts a clock 
wise torque to the document, which is indicated by C,. 
If the document is spaced from the registration edge, as 
illustrated in FIG. 7a, it is free to turn in a clockwise 
direction as it is driven forward. This rotational move 
ment is indicated by arrow 50. ' 

During the initial advancement of the document, FI 
and C, combine to both rotate and shift the document 
laterally toward the registration edge. Since F1 is at a 
slight angle to the registration edge, a major portion of 
the registration process is caused by the clockwise 
rotation imparted to the document by C1. Thus, in a 
typical situation the document edge comes in contact 
with the entrance corner of the registration member, as 
illustrated in FIG. 7b. When this occurs, the document 
is prevented from further turning in a clockwise direc 
tion and the reaction causes the document to pivot in a 
counterclockwise direction about the point of initial 
contact with the registration edge until the document is 
brought into complete registration as illustrated in FIG. 
70. This counterclockwise reaction may be explained as 
a combination of forces F1 and r”, which is the fric 
tional force between the document edge and registra 



tion corner. The. combination of theseiforces vin effect 
create a couple acting in the counterclockwise direc 
tion. This couple is also effective to maintain the docu 
ment inregistration once such has been achieved; The 
couple causes the document to press, against the regis 
tration edge with a greater force at .i'ts'lea‘ding end than 
at its trailing end. This~ is indicated in FIG. 70 by the 
force distribution curveR'z representative of the reac 

ment edge. ' v _ 

With reference to FIG. 8‘, it will be observed that the 

I tion forces of the registration edge against the dbcu 

con?guration .of the drive vroller becomes distorted in 
the opposite direction when driven in areverse mode to 
exit the document in the direction of arrow 50.,The 
leading and trailingedges ofithe drive roller become‘ 
displaced axially from each other by a dimension d, and 
the contact area 52 is distorted somewhat, as indicated 
by its centerline 53. 
As mentioned above, one of the unique features of 

the transport apparatus of the present invention is its 
ability to maintain registration during movement of the 
document in both the forward and reverse directions. 
With reference to FIGS. 9a-9c, the forces acting 

upon the document during exit may be more fully un 
derstood. It will be appreciated that while the general 
direction of driving force F, is reversed, it is at a slight 
angle directed toward the registration edge. This is due 
to the distortion of the contact area as illustrated in 
FIG. 8. The reversal of drive roller rotation also re 
verses C1 to a counterclockwise direction. The fric 
tional forces between the document and registration 
edge are indicated by vector r" which combine with F1 
to form a couple acting in the clockwise direction. The 
force distribution of the document against the registra 
tion edge is substantially reversed from that illustrated 
in FIG. 7c, with greater forces being exerted at the 
leading end than at the trailing end of the document. 
The magnitudes of the forces acting upon the docu 
ment change somewhat during exit, but their directions 
may remain substantially the same as indicated in FIG. 
9b and 90. It is important to note that these forces are 
effective to maintain the document in complete regis 
tration during the entire exit operation. This is particu 
larly important if the apparatus is provided with a 
printer which is intended to mark the document with an 
amount, or other data, in a particular space on the 
document. 
From the foregoing description, it will be appreciated 

that the document transport and registration apparatus 
of the present invention is of relatively simple construc 
tion requiring a minimum number of moving parts, yet 
is effective in bringing and maintaining documents in 
registration while transporting such in both forward 
and reverse directions. It is not intended that the pres 
ent invention be limited to the particular structure 
illustrated in the drawings. It is possible that the con?g 
uration of the drive wheel be modi?ed somewhat and 
still achieve the lateral and rotational movement of the 
document to effect registration. It should also be noted 
that means other than an idler roller may be provided 
to backup the document and maintain such in positive 
engagement with the drive roller. Such means could be 
comprised of a plurality of small rollers or a stationary 
member made of low friction material, such as Te?on. 
It is also emphasized that the apparatus of the present 
invention is capable of handling a wide variety of docu 
ments covering a range of thicknesses. In typical appli 
cations, the apparatus handles relatively thin flexible 

6 
paper'documents. However, the apparatus is readily 
capable of transporting and registering documents, or 
other planar members, of thicker and more rigid char 
acteristics, such as credit cards. This may require a 
minor adjustment of the spacing between the drive and 

. idler rollers to compensate for the additional thickness. 
~ When handling very thinv?exible documents it may be 
desirable to provide the apparatus with planar member 

-'-'spaced slightly from and overlying the support surface 
10 'to prevent buckling of the documents. 

What is claimed is: 
1. An' apparatus for transporting documents in a 

predetermined direction of travel, said apparatus com 
. prising: 
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a support member de?ning a generally planar docu 
ment support surface extending in the direction of 
document travel, said supportmember having an 
aperture therein, . 

an edge member mounted to one side of said support 
surface and de?ning a document registration edge 
generally parallel to the direction of travel, 

a pair of rollers mounted adjacent said surface on 
opposite sides of said aperture, and 

means for rotatably driving at least one of said rollers 
to effect movement of a document disposed be 
tween and drivingly engaged by said rollers, 

one of said pair of rollers being yieldable, ?exible, 
resilient, hollow construction with an outer con?g 
uration of decreasing radius along at least a portion 
of said axis of rotation when undeformed and open 
to the hollow at the larger radius end and having a 
continuous surface peripheral portion being ?at 
tened in the area engaging the document and sub 
sequently ?exing radially outward upon disengage 
ment from the document, said area engaging the 
document being asymmetric with respect to said 
direction of travel whereby said one roller creates a 
couple influencing the trailing edge of the docu 
ment toward said registration edge, said larger 
radius open end generally facing toward said regis 
tration edge. 

2. The apparatus set forth in claim 1 wherein said one 
roller is located on the side of said support member 
opposite said support surface. 

3. The apparatus set forth in claim 1 wherein said one 
roller is drivingly connected to said driving means. 

4. The apparatus set forth in claim 1 wherein said 
hollow is of decreasing radius con?guration generally 
concentric with the outer con?guration of said one 
roller. 

5. An apparatus for transporting documents in a 
predetermined direction of travel, said apparatus com 
prising: 
a document support surface extending in the direc 

tion of travel, 
an edge member mounted on one side of said support 
surface and de?ning a document registration edge 
generally parallel to the direction of travel, 

a drive shaft mounted generally parallel to said sup 
port surface, 

a single drive roller mounted to said drive shaft adja 
cent said support surface and being of generally 
hollow, tapered decreasing radius configuration 
open at the larger radius end, 

drive means for rotating said shaft about the axis of 
said roller, . 

said drive roller being of ?exible, resilient construc 
tion having a continuous peripheral drive surface 
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adjacent said open end, a portion of said peripheral 
drive surface engaging a presented document in an 
area, said portion being deformed radially inward 
while in engagement with said document, said area 
being asymmetric with respect to said direction of 
travel whereby said roller creates a couple in?u 
encing thetrailing end of the document toward said 
registration edge during transport, said drive roller 
being of generally frusto-conical con?guration with 
said open end facing toward said registration edge. 

6. The apparatus set‘ forth in claim 5 wherein said 
drive means alternately rotates said drive roller in for 
ward and reverse directions to transport the document 
in forward and reverse directions respectively while 
maintaining such in registration with said edge mem‘ 
her. 

7. The apparatus set forth in claim 5 further including 
means mounted adjacent said support surface and op 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

posite said drive roller for engaging the document on a 
side opposite said one side and holding the document 
against said drive roller. 

8. The apparatus set forth in claim 7 wherein said 
means for maintaining the document in engagement 
with the drive roller comprises a freely rotatable idler 
roller. 

9. The apparatus set forth in claim 8 wherein said 
idler roller is of relatively rigid construction compared 
to said drive ‘roller. 

10. The apparatus set forth in claim 5 wherein said 
drive roller is distorted during document transport with 
said portion being asymmetric with respect to said axis 
whereby said roller creates a linear force component 
in?uencing said document toward said registration 
edge during transport in both forward and reverse di 
rections. ' 

* * * * * 


