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[57] ABSTRACT 

A multi-rail transport system for transporting printed circuit 
boards along adjacent pairs of rails including ?rst and 
second brake rods having parallel longitudinal axes and a 
plurality of brake cylinders slideably mounted on the brake 
rods, wherein each of the brake cylinders is adapted to be 
actuated between an engaged condition in which the brake 
cylinders are ?xed in position and a disengaged condition in 
which the brake cylinders are free to slide along the brake 
rods. Also provided is a plurality of rails mounted to 
corresponding pairs of the brake cylinders. The system 
further includes ?rst and second shuttles movably mounted 
adjacent to the brake rods, the shuttles being adapted to 
move in directions substantially parallel to the ?rst and 
second longitudinal axes and to selectively engage the rails. 
The present invention also relates a method of adjusting rails 
including providing a plurality of rails along an axis of 
movement, each of the rails being adapted to be switched 
between a ?rst condition in which the rails are ?xed in 
position, and a second condition in which the rails are free 
to move, and providing a shuttle moveable along the axis of 
movement, the shuttle being adapted to selectively engage 
and disengage each of the rails. The method further includes 
moving the shuttle to a position adjacent to one of the rails, 
switching the rail to the second condition, engaging the rail 
with the shuttle, moving the shuttle and the rail to a new 
position, switching the rail to the ?rst condition, and disen 
gaging the rail with the shuttle. Also described is a custom 
extruded belt for use in the multi-rail system which includes 
a substantially ?at surface for supporting the printed circuit 
boards. 

29 Claims, 17 Drawing Sheets 

Micro?che Appendix Included 
(2 Micro?che, 117 Pages) 



6,032,788 U.S. Patent Mar. 7,2000 Sheet 1 0f 17 



U.S. Patent Mar. 7,2000 Sheet 2 0f 17 6,032,788 

.- .. v 

“ FIG. 2 

5 5a 

\1\ 



U.S. Patent Mar. 7,2000 Sheet 3 0f 17 6,032,788 

wmm 

m .UE 



U.S. Patent Mar. 7,2000 Sheet 4 0f 17 6,032,788 

FIG. 4 



U.S. Patent Mar. 7,2000 Sheet 5 0f 17 6,032,788 

FIG. 5 

5 6* a 

g J’: (8 __ m ‘ 

0,00 ‘0* &—~ 
‘A mm. 

10) 150 



U.S. Patent Mar. 7,2000 Sheet 6 0f 17 6,032,788 

FIG. 6 



U.S. Patent Mar. 7,2000 Sheet 7 0f 17 6,032,788 

FIG. 7 

92 

105 



U.S. Patent Mar. 7,2000 Sheet 8 0f 17 6,032,788 

106 

110 

122 

128 

127 

158 FIG. 8 



U.S. Patent Mar. 7,2000 Sheet 9 0f 17 6,032,788 

#145 

II] 
147 

FIG. 9A 

145 

/145 

147"’ j] 147 

FIG. 9B FIG. 9C 

157 

gr“: BE 55 
FIG. 10A 

FIG. 10B 



6,032,788 U.S. Patent Mar. 7, 2000 



U.S. Patent Mar. 7, 2000 Sheet 11 0f 17 

POWER UP - SHUTTLES HOME 

V 205 
INITIAL RAIL POSITIONS ARE DETERMINEDP/ 

FIG. 12 APPLY SOLDER PASTE 

6,032,788 

220 

RAIL 
ADJUSTMENT 
DESIRED 

NO 

210 

T 
SHUTTLES 
HOME 

230 

SHUTTLES LOCATE DESIRED RAIL (‘235 

Y 

BRAKE CYLINDERS DISENGAGED 
240 

V 

SUTTLES ENGAGE RAIL H245 

I 
SHUTTLES MOVE RAIL TO NEW POSITION H250 

V 

BRAKE CYLINDERS ENGAGED 

Y 

SHUTTLES DISENGAGE RAIL 



U.S. Patent Mar. 7,2000 Sheet 12 0f 17 6,032,788 

‘ 310 300 310 
x/ / \ 

\j 

60/0 ////// Q: 
////j/ / Q> 5 

FIG. 13 

300 
315. 

330 310 

FIG. 14 



U.S. Patent Mar. 7,2000 Sheet 13 0f 17 6,032,788 

325 

326 
326 / 

~32o 

328 328 {a 
327 

FIG. 15 

300 75 € 315 

330 325/ 

320/ V 

FIG. 16 



U.S. Patent Mar. 7, 2000 Sheet 14 0f 17 6,032,788 

mmmll owml 



U.S. Patent Mar. 7,2000 Sheet 15 0f 17 6,032,788 

325 370 375 

371 371 

365 

372 372 

\ ' 380 

FIG. 19 



U.S. Patent Mar. 7,2000 Sheet 16 0f 17 6,032,788 

FIG. 21 



U.S. Patent Mar. 7,2000 Sheet 17 0f 17 6,032,788 



6,032,788 
1 

MULTI-RAIL BOARD TRANSPORT SYSTEM 

MICROFICHE APPENDIX 

A Micro?che Appendix is attached hereto and forms a 
part of this application. The Micro?che Appendix, Which is 
a computer program listing printout, includes 2 micro?che 
With a total of 117 frames. 

FIELD OF THE INVENTION 

The present invention relates to a system for transporting 
loads such as printed circuit boards, in particular to a 
multi-rail, multi-lane transport system for transporting 
printed circuit boards of varying siZes Within and betWeen 
automatic electronics assembly equipment such as screen 
printing machines, electronic component “pick-and-place” 
machines and re?oW ovens. 

BACKGROUND 

Printed circuit boards having electronic components 
mounted on the surface thereof (or having components 
mounted thereon by placement of the leads of the compo 
nents through holes in the circuit board) are currently mass 
produced in assembly line fashion using automated manu 
facturing equipment. Typically, at least three Well-knoWn 
manufacturing steps are involved in the manufacture of such 
printed circuit boards. A block diagram illustrating these 
steps and the required manufacturing equipment is shoWn in 
FIG. 1. 

In the ?rst step, solder paste or some other viscous 
material is applied to the surface of a printed circuit board 
in a speci?c pattern through a screen or stencil using a screen 
printing machine 10. Screen printing machines are Well 
knoWn in the art and are commercially available from a 
number of sources, an example of Which is the DEK model 
265 GSX screen printing machine manufactured and sold by 
the assignee of the present invention DEK Printing 
Machines Limited. 

Once the solder paste has been applied to the surface of 
the printed circuit board using screen printing machine 10, 
the next step involves placing the desired electronic com 
ponents on the printed circuit board in particular locations. 
This task is performed quickly and automatically through 
the use of an automated component handling and placement 
machine 20, commonly referred to as a “pick and place” 
machine, shoWn in FIG. 1. Such machines typically have a 
placement head Which picks up a series of components from 
a supply area and then places those components at desired 
locations on the printed circuit board (hence the name 
“pick-and-place” machines). Automated component han 
dling and placement machines are Well-knoWn in the art and 
are commercially available from a number of sources, an 
example of Which is the Universal Instruments model GSM 
machine, Which is available from Universal Instruments 
Corporation in Binghamton, NY. 

Once the desired electronic components have been placed 
by the automated component handling and placement 
machine 20 at the desired location on the board, a typical 
further manufacturing step is performed, Which is com 
monly knoWn as re?oWing the solder paste. During this step, 
the printed circuit board having components placed thereon 
is placed inside a re?oW oven 30 shoWn in FIG. 1 and the 
temperature inside the re?oW oven 30 is raised. As a result 
of the increased temperature, the solder paste on the surface 
of the printed circuit board melts and Wicks up the leads/ 
ends of the electronics components, thereby creating a 
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2 
satisfactory electrical connection betWeen the printed circuit 
board and the electronic components. Refold ovens are 
Well-knoWn in the art and are commercially available from 
a number of sources, including American Soltec, Inc. of 
Manchester, NH. 

During the manufacturing steps described above, Which is 
just one example of the many different processes available 
in electronics manufacturing, the printed circuit boards are 
typically transported through and betWeen the automated 
manufacturing equipment on What are commonly called 
rails, denoted in FIG. 1 by reference 35. In particular, each 
rail generally comprises a motor driven belt and pulley or 
chain system integrated With a support structure. Each 
printed circuit board is supported along its opposite side 
edges by ?rst and a second rails, respectively, the printed 
circuit boards actually resting on the belts of the rails With 
support being provided by the support structure. Thus, as the 
belts move, the printed circuit boards are transported along 
the rails. The ?rst and second rails on Which the printed 
circuit boards are transported from What is commonly called 
a lane, and thus the printed circuit boards are said to be 
transported along the lane. 

In many prior art systems, one rail forming a lane is 
typically ?xed in position. The other rail forming the lane 
may also be ?xed, may be manually adjustable, or may be 
automatically adjustable typically by coupling the rail to a 
ball screW and nut driven by a stepper motor, in order to 
accommodate printed circuit boards of different Widths. 

In order to increase manufacturing capacity, it has become 
desirable to increase the number of lanes so that more than 
one printed circuit board can be transported through the 
manufacturing system at a single time. Doing so by utiliZing 
the prior art rail technology described above Would thus 
require each lane to include a ?xed rail and an adjustable rail 
having its oWn ball screW drive system. Thus, each addi 
tional lane Would result in additional required component 
parts, thereby adding complexity and expense to the board 
transport system. 

SUMMARY OF THE INVENTION 

The present invention relates to a multi-rail transport 
system for transporting printed circuit boards or similar 
loads along adjacent pairs of rails. The present invention can 
be used in conjunction With, for example, a screen printing 
machine or any other machinery or equipment used in the 
manufacture, inspection or testing of printed circuit boards. 
The present invention can also be used in conjunction With 
any system that transports loads along rails. 

In one aspect, the multi-rail transport system includes a 
?rst brake rod having a ?rst longitudinal axis and a plurality 
of ?rst brake cylinders slideably mounted on the ?rst brake 
rod, Wherein each of the ?rst brake cylinders is adapted to 
be actuated betWeen an engaged condition in Which the ?rst 
brake cylinder is ?xed in position and a disengaged condi 
tion in Which the ?rst brake cylinder is free to slide along the 
?rst brake rod. In addition, the system includes a second 
brake rod having a second longitudinal axis Which is parallel 
to the ?rst longitudinal axis and a plurality of second brake 
cylinders, each of the second brake cylinders being slideably 
mounted on the second brake rod in a position directly 
opposite a corresponding one of the ?rst brake cylinders. 
The second brake cylinders and the corresponding ?rst brake 
cylinders form a plurality of corresponding pairs of brake 
cylinders. Each of the second brake cylinders is adapted to 
be actuated betWeen an engaged condition in Which the 
second brake cylinder is ?xed in position and a disengaged 
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condition in Which the second brake cylinder is free to slide 
along the second brake rod. Also provided is a plurality of 
rails having ?rst and second ends, each of the rails being 
mounted to one of the corresponding pairs of brake cylinders 
by ?xing the ?rst end of the rail to the ?rst brake cylinder of 
the corresponding pair of brake cylinders and by ?Xing the 
second end of the rail to the second brake cylinder of the 
corresponding pair of brake cylinders. The system further 
includes ?rst and second shuttles moveably mounted adja 
cent the ?rst and second brake rods, respectively, the ?rst 
shuttle being adapted to move in a ?rst direction substan 
tially parallel to the ?rst longitudinal aXis and to selectively 
engage the ?rst ends of the rails, and the second shuttle being 
adapted to move in a second direction substantially parallel 
to the second longitudinal aXis and to selectively engage the 
second ends of the rails. 

According to a further aspect of the present invention, a 
method of adjusting rails in a multi-rail transport system for 
transporting printed circuit boards is described. The method 
includes providing a plurality of rails along an aXis of 
movement, each of the rails being adapted to be sWitched 
betWeen a ?rst condition in Which the rails are ?Xed in 
position along the aXis of movement, and a second condition 
in Which the rails are free to move along the aXis of 
movement, and providing a shuttle moveable along the aXis 
of movement, the shuttle being adapted to selectively 
engage and disengage each of the rails such that When the 
shuttle engages a rail, the shuttle and the engaged rail are 
linked to one another. The method further includes moving 
the shuttle along the aXis of movement to a position adjacent 
to a selected one of the rails, sWitching the selected one of 
the rails to the second condition, engaging the selected one 
of the rails With the shuttle, moving the shuttle and the 
selected one of the rails to a neW position along the aXis of 
movement, sWitching the selected one of the rails to the ?rst 
condition, and disengaging the selected one of the rails With 
the shuttle. 

According to another aspect of the present invention, a 
rail for a system for transporting printed circuit boards along 
adjacent pairs of rails is described. The rail includes a belt 
having a cross section having a substantially ?at surface for 
supporting the printed circuit boards, a pulley, the pulley and 
the belt being coupled to one another, a motor for driving the 
pulley, and a support structure having a groove adapted to 
receive the belt. 

According to a still further aspect of the present invention, 
an eXtruded belt for use in a system for transporting printed 
circuit boards is described, Wherein the belt comprises an 
elongated body having a substantially ?at surface for sup 
porting the printed circuit boards. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention Will be 
apparent upon consideration of the folloWing detailed 
description of the present invention, taken in conjunction 
With the folloWing draWings, in Which like reference char 
acters refer to like parts, and in Which: 

FIG. 1 is a block diagram of an eXample of a single lane 
prior art printed circuit board assembly system; 

FIG. 2 is a perspective vieW of an embodiment of a 
multi-rail, multi-lane transport system according to an 
aspect of the present invention; 

FIG. 3 is a top vieW of the multi-rail, multi-lane transport 
shoWn in FIG. 2; 

FIG. 4 is a side vieW of the multi-rail, multi-lane transport 
system shoWn in FIG. 2; 
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4 
FIG. 5 is a perspective vieW of an embodiment of a rail 

positioning mechanism according to an aspect of the present 
invention; 

FIG. 6 is a side vieW of the rail positioning mechanism 
shoWn in FIG. 5; 

FIG. 7 is a front vieW of the rail positioning mechanism 
shoWn in FIGS. 5 and 6; 

FIG. 8 is a cross-sectional diagram of the rail positioning 
mechanism shoWn in FIGS. 5, 6 and 7 taken lines A—A of 
FIG. 6 Which further includes a Web of a rail; 

FIGS. 9A, 9B and 9C are top, side and perspective vieWs, 
respectively, of the anvil Which forms part of an engagement 
mechanism according to an aspect of the present invention; 

FIGS. 10A and 10B are top and perspective vieWs, 
respectively, of the engagement saddle Which engages With 
the anvil shoWn in FIGS. 9A, 9B, and 9C; 

FIG. 11 is a perspective vieW of an end portion of the rail 
positioning mechanism shoWn in FIGS. 5, 6 and 7 shoWing 
the anvil of FIGS. 9A, 9B and 9C in engagement With the 
engagement saddle of FIGS. 10A and 10B; 

FIG. 12 is a How chart shoWing the basic operation of the 
multi-rail, multi-lane transport system according to an 
aspect of the present invention; 

FIG. 13 is a cross-sectional diagram shoWing tWo rails of 
the multi-rail, multi-lane transport system according to an 
aspect of the present invention taken along lines B—B of 
FIG. 3; 

FIG. 14 is a cross-sectional diagram shoWing a rail With 
a printed circuit board having a chamfered edge supported 
thereon; 

FIG. 15 is a cross-sectional diagram of a belt having a 
custom eXtruded pro?le according to an alternative embodi 
ment of the present invention; 

FIG. 16 is a cross-sectional diagram shoWing a rail 
including the belt of FIG. 15 With a printed circuit board 
having a chamfered edge supported thereon; 

FIG. 17 is a cross-sectional diagram of the belt and pulley 
according to an aspect of the present invention taken along 
lines C—C of FIG. 3; 

FIG. 18 is a cross-sectional diagram of the belt and pulley 
according to a further aspect of the present invention taken 
along lines C—C of FIG. 3; 

FIG. 19 is a cross-sectional diagram of a belt having a 
custom eXtruded pro?le according to a further alternative 
embodiment of the present invention; 

FIG. 20 is a cross-sectional diagram shoWing a rail 
including the belt of FIG. 19 With a printed circuit board 
having a chamfered edge supported thereon; 

FIG. 21 is a perspective vieW of an embodiment of a 
multi-rail, multi-lane transport system according to an 
aspect of the present invention implemented in connection 
With a screen printing machine; 

FIG. 22 is a block diagram of a multi-rail, multi-lane 
printed circuit board assembly system according to an aspect 
of the present invention. 

DETAILED DESCRIPTION 

Referring to FIGS. 2, 3 and 4, respectively, perspective, 
top and side vieWs of the multi-rail, multi-lane transport 
system 40 according to an aspect of the present invention are 
shoWn. For illustrative purposes, the system 40 is shoWn as 
part of a screen printing machine Which includes table 42 
having board tooling Which is raised to provide support to 
the printed circuit boards as the solder paste is applied to the 












