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ABSTRACT: A nozzle arrangement comprising concentric 
inner and outer cylinders and a jacket fitting tightly around 
the outer cylinder. The inner and outer cylinders have longitu 
dinal fluid exits and are relatively rotatable. A knob located 
outside the outer cylinder is connected by a shaft to the inner 
cylinder to permit it to be rotatably adjusted relative to the 
outer cylinder. The jacket has an elongated slot that serves to 
regulate the flow through the exit of the outer cylinder. 
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NOZZLE ARRANGEMENT FORFORMING FLUID WAVE 
This is a division of application Ser. No. 595,137, now U.S. 

Pat. No. 3,500,536, filed Nov. 17, 1966. 
This invention relates to the installation of components on a 

printed circuit board and, more particularly, to a nozzle ar 
rangement for forming fluid waves in the course of finishing 
printed circuit boards after being exposed to solder, in order 
to secure and electrically connection the components. 

In installing components on a printed circuit board, the 
leads of the components are inserted through holes in the 
board lined with electrically conductive eyelets or plated 
through holes on a printed circuit board to which solder ad 
heres. The eyelets are electrically connected to the printed 
circuits etched on the board. After all the components are 
mounted on the board, its underside (i.e., the side without 
components) is exposed to a wave of melted solder. The 
solder adheres to the eyelets and the component leads, 
thereby filling the spaces between them. For the circuit board 
itself, a material is used to which the solder will not adhere. 
Consequently, individual solder joints are formed at each hole 
between the conductive eyelet and the lead inserted through 
it. 

This process for producing solder joints between com 
ponents and a circuit board can be completely automated, but 
unfortunately, results in a relatively high number of bad solder 
joints and short circuits. Close examination has shown that 
often the solder does not penetrate very far into the holes in 
the circuit board and is often not bonded to the surface of the 
eyelets or plated through holes and the leads, as would be 
required for a really good solder joint. Furthermore, at the 
completion of the process, short circuits resulting from solder 
that runs across the circuit board between adjoining connec 
tion must be removed by hand. This demands a large expendi 
ture of human labor. 
The solder joints between the leads of components mounted 

on a circuit board and the eyelets on the board are 'substan 
tially improved by subjecting the circuit board to a finishing 
process after the solder forming the joint is applied to the 
board. The finishing process involves the step of applying a 
fluid, preferably as a wave, to the soldered surface of the 
board while the solder is in a liquid state. The finishing fluid, 
which does not mix or chemically react with the solder or the 
board, is maintained at a temperature above the melting point 
of the solder. As a result, the liquid solder is drawn deeper into 
the eyelets; any flux and air trapped in the joint are released; 
and a good bond between the solder, on the one hand, and the 
surface of the component leads and the eyelets, on the other 
hand, is established. In addition, if there is also printed cir 
cuitry on the underside of the board to which the solder ad 
heres, the finishing fluid removes the excess solder, ieaving an 
even solder coating over the printed circuitry. 
The invention involves a special nozzle arrangement that is 

particularly well suited for adjusting the direction and amount 
of the flow as well as the pattern and thickness of the fluid 
wave in the finishing process. The fluid to be ejected from the 
nozzle arrangement is coupled under pressure to an inner 
cylinder having closely spaced openings in a line along its 
length. An outer cylinder also having closely spaced openings 
in a line along its length is situated concentric with the inner 
cylinder. The cylinders are so dimensioned that an annular 
passage is defined between their surfaces. The fluid flows from 
the holes in the inner cylinder through the annular passage to 
the holes in the outer cylinder, from which it is ejected as a 
wave. The relative angular position of the holes in the inner 
and outer cylinders about the cylindrical axis is adjustable by 
means of a knob that is located outside the outer cylinder and 
coupled to the inner cylinder by a shaft. As a result, the 
direction of propagation of the wave from the holes in the 
outer cylinder and the wave pattern can be controlled. A 
jacket having a slit along its length fits tightly over the outer 
cylinder. The slit of the jacket is adjustable relative to the 
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the outer cylinder with the jacket, the direction of propoga 
tion of the wave and its pattern can be further and indepen 
dently controlled, while the thickness of the wave and the 
amount of fluid ejected can also be regulated. 
These and other features of the invention are considered 

further in the following detailed description taken in conjunc 
tion with the drawings, in which: 

FIG. 1 is a functional block diagram illustrating the steps in 
volved in installing components on a printed circuit board; 

FIG. 2 is a schematic diagram representing a process for 
finishing the solder joints between components and eyelets in 
a circuit board; 

FIGS. 3A and 3B are side views in section illustrating a 
solder joint before and after the process of FIG. 2, respective 
ly; 

FIGS. 4A and 4B are front and side elevation views, respec 
tively, of a nozzle arrangement particularly well suited for car 
rying out the process represented in FIG. 2; 

FIGS. 5A 5B, and 5C are diagrams representing the fluid 
flow between the inner and outer cylinders of the nozzle ar 
rangement of FIGS. 4A and 4B; and 

FIGS. 6A, 6B, and 6C are diagrams representing the fluid 
flow through the holes in the outer cylinder and the jacket of 
the nozzle arrangement of FIGS. 4A and 4B. 

Reference is now made to FIG. 1, which shows the steps of a 
process for installing components on a printed circuit board. 
As represented by a block 1, the components are first 
mounted on the circuit board either manually or by machine 
so their leads extend through holes in the board surrounded by 
electrically conductive eyelets. The eyelets are plated with a 
conductor, such as gold, to which solder adheres. Flux is ap 
plied to the board to clean the surfaces to be soldered. This is 
represented by a block 2. The board is then preheated 
preparatory to the application of a solder wave to the board, 
as represented by a block 3. Next, as represented by a block 4, 
the underside of the board is passed through a wave of liquid 
solder. The solder adheres to the eyelets and to the com 
ponent leads, thereby forming solder joints between them. As 
represented by a block 5, the final step is to finish the circuit 
board according to the invention. This is accomplished by ex 
posing the underside of the board to a finishing fluid having a 
temperature above the melting point of the solder. A finishing 
fluid is selected that is immiscible with the melted solder and 
does not chemically react with it or the board, for example, sil 
icon oil. The solder spreads up through and fills the space 
between the eyelets and the leads to form good electrical and 
physical connections between them. Moreover, trapped flux 
and air is released from the joints. Typically for solder with a 
melting point of about 360°F., the finishing fluid is maintained 
at a temperature between 400 F. and 420 F. After the circuit 
board cools, the finishing fluid is rinsed off. The charac 
teristics of the finished solder joints are controlled by adjust 
ing the temperature and amount of the fluid, the force with 
which the fluid hits the circuit board, the angle at which the 
fluid impinges on the circuit board, the thickness of the fluid 
wave, and the length along which the fluid wave is in contact 
with the circuit board. 

Equipment used to apply the fluid to a circuit board in the 
course of the finishing step is represented schematically in 
FIG. 2. A wave 6 of fluid is produced by a nozzle 7, which is 
discussed in detail in connection with FIGS. 4A and 4.B. A cir 
cuit board 8 with components 14 mounted on its topside is 
transported by conventional conveyor means not shown 
through wave 6 in the direction indicated by the arrow. The 
underside of board 8, which has previously been exposed to a 
bath of melted solder, therefore, comes into contact with the 
fluid wave produced by nozzle 7. The fluid wave remains in 
contact with the surface of board 8 for a predetermined 
distance and then drops back into a pan 9 for collection and 
recirculation. Preferably, nozzle 7 is adjusted to produce a 
wave that impinges on the surface of circuit board 8 at an 
angle of between 11 and 13. In addition to forming good 

holes in the outer cylinder. By partially covering the holes of 75 solder joints between the eyelets and the component leads, the 
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wave of finishing fluid removes the excess solder from the sur 
face of the board and leaves an even solder coating over any 
printed circuits that may be on the underside of the board. 
This solder, represented in FIG. 2 by drops 10, passes through 
wave 6 and into pan 9. The fluid collected by pan 9 passes 
through a filter 11 that removes the solder particles. A pump 
12 forces the fluid to recirculate through a fluid heat regulator 
13 to nozzle 7. The temperature of the fluid wave is controlled 
by regulator 13. 

FIGS. 3A and 3B are closeup views of a typical solder joint 
before and after the finishing process, respectively. A gold 
plated eyelet 31 surrounds an opening through a circuit board 
30. A component lead 32 is inserted into the eyelet in the 
course of the mounting step represented by block 1 in FIG. 1. 
After the underside of circuit board 30 is exposed to melted 
solder in the step represented by block 4 in FIG. 1, the melted 
solder 34 spreads only part way through eyelet 31, as 
represented in FIG. 3A, and is not completely bonded to its 
surface and the surface of lead 32. During the finishing 
process, however, the solder spreads further through eyelet 31 
and is bonded to its surface and the surface of lead 32, thereby 
forming a good solder joint, as represented in FIG. 3B. 

In FIGS. 4A and 4B, a nozzle arrangement is shown that is 
particularly well suited for use as nozzle 7 in the finishing 
process illustrated in FIG. 2. The arrangement comprises an 
inner cylinder 15 and an outer cylinder 16 that are concentric 
with one another. A fitting 21 is provided at one end of the ar 
rangement for connection to the source of fluid under pres 
sure. (With reference to the equipment of FIG. 2, the source 
of fluid would be regulator 13.) A line of openings 17 extends 
along the length of inner cylinder 15 and a line of openings 18 
extends along the length of outer cylinder 16. Inner cylinder 
15 is open at one end. Fluid passing through fitting 21 enters 
and flows through cylinder 15. As the fluid flows, it passes 
through openings 17. Openings 17 have diameters of increas 
ing size moving away from fitting 21 so as to compensate for 
the decreasing fluid pressure along the axis of cylinder 16. 
Preferably, openings 17 are graduated in diameter such that 
the flow rate from each opening in the same and no back wave 
is produced at the end of the cylinder. 
Outer cylinder 16 is completely sealed so that fluid can only 

enter it through openings 17. The diameter of cylinder 16 is 
substantially larger than the diameter of cylinder 15 so an an 
nular passage is defined by their sidewalls. Fluid passing into 
the annular passage from openings 17 flows to openings 18 
and is ejected therefrom. Cylinder 15 is rotatably mounted in 
side cylinder 16 and connected by a shaft 22 to a knob. 23 
located outside of the nozzle arrangement. A seal 24 is situ 
ated between knob. 23 and the end surface of cylinder 16. By 
rotating knob 23, the relative position between openings 17 
and openings 18 is adjusted. 

Reference is made to FIGS.5A, 5B, and 5C for diagrams il 
lustrating how the relative positions of openings 17 and 18 af 
fect the direction of the fluid wave produced by the nozzle ar 
rangement. The fluid passing through openings 17 flows 
through the annular passage to openings 18 via two paths. 
When the angle between a radius through openings 17 and a 
radius through openings 18 is less than 180, as illustrated in 
FIGS. 5A and 5B, one path of fluid flow is shorter than the 
other. The fluid traversing the shorter path undergoes a 
smaller pressure drop than the fluid traversing the longer path. 
Consequently, the fluid is ejected from openings 18 in a 
direction forming an angle with the radius of the cylinders, the 
extend of which depends upon the differential distance of the 
two paths between openings 17 and openings 18. When the 
angle between the radii of openings 17 and 18 is 180, the fluid 
travels the same distance in traversing the two paths and is 
ejected radially from openings 18. 
A jacket 19 (FIGS. 4A and 4B) having a slot 20 along its 

length fits snugly around outer cylinder 16. The edges of slot 
20 are tapered inwardly. Flanges 25 and 26 on cylinder 16 
serve to maintain the axial position of jacket 19 relative to 
cylinder 16. The position of slot 20 with respect to openings 
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4 
18 can be adjusted by rotating jacket 19. Further control of 
the direction of the fluid ejected from the nozzle arrangement 
can be effected by changing the portion of openings 18 
covered by jacket 19. In addition, this changes the amount of 
fluid ejected, as well as the thickness and pattern of the wave 
produced by the nozzle arrangement. 

Reference is now made to FIGS. 6A, 6B, and 6C, in which 
various positions of jacket 19 with respect to cylinder 16 are 
shown. In FIG. 6A, jacket 19 almost completely covers 
openings 18 with the result that only a small amount of fluid is 
ejected, and the ejected fluid is deflected to the side by the 
tapered edge of slot 20. FIG. 6B shows jacket 19 covering 
about one-half of opening 18. In this position more fluid is 
ejected but, due to the tapered edge of slot 20, the ejected 
fluid is still deflected to side. In FIG. 6C, on the other hand, 
slot 20 is centered with respect to openings 18 and a maximum 
of fluid is ejected in a direction along the radial line. The 
directional control illustrated in FIGS. 6A, 6B, and 6C is inde 
pendent of and does not take into account the control of the 
direction that may be introduced by adjusting the relative 
positions between openings 17 and openings 18 as described 
in connection with FIGS.5A, 5B, and 5C. Thus, with jacket 19 
located in the position shown in FIG. 6C, the direction of the 
fluid ejected by the nozzle arrangement can still be changed 
by operating knob. 23. 
Although the nozzle arrangement of FIGS. 4A and 4B is 

particularly well suited for use in carrying out the finishing 
process of the invention because the characteristics of the 
fluid wave produced thereby are susceptible of fine control, it 
can be employed in other applications as well that call for a 
fluid wave, such as the soldering step of FIG. 1. Similarly, the 
fluid can be applied to the circuit board by other means in the 
finishing process. 
What I claim is: 
1. A nozzle arrangement comprising: 
a first cylinder adapted at one end to be connected to a 

source of fluid, the first cylinder having an exit for fluid 
arranged in a line along its length; 

a second cylinder having an exit for fluid arranged in a line 
along its length, the second cylinder surrounding the first 
cylinder in concentric spaced relationship therewith such 
that the outer wall of the first cylinder and the inner wall 
of the second cylinder define an annular chamber for 
fluid flow between the exits of the cylinders; 

means for supporting the first and second cylinders in rela 
tively rotatable relationship to each other; 

an adjusting element located outside the second cylinder; 
and 

means for coupling the adjusting element to the first 
cylinder to permit rotation of the first cylinder relative to 
the second cylinder by the adjusting element. 

2. The nozzle arrangement of claim 1, in which the exits are 
pluralities of openings arranged in a line. 

3. The nozzle arrangement of claim 2, in which the plurality 
of openings in the first cylinder increase in size moving away 
from the end adapted to be connected to the source. 

4. The nozzle arrangement of claim 1, in which means are 
provided for blocking part of the exit in the second cylinder. 

5. The nozzle arrangement of claim 4, in which the blocking 
means is adjustable to vary the extent of exit blocking. 

6. The nozzle arrangement of claim 4, in which the blocking 
means is a jacket fitting snugly around the outer surface of the 
second cylinder, the jacket having a slot along its length 
through which fluid is ejected from the exit in the second 
cylinder. 

7. The nozzle arrangement of claim 6, in which the edges of 
the slot are tapered inwardly. 

8. A nozzle arrangement comprising: 
an inner cylinder having an exit arranged along its length; 
an outer cylinder having an exit arranged along its length, 

the outer cylinder being concentric with the inner 
cylinder and spaced therefrom to form an annular 
passage, 

the inner and outer cylinders being relatively rotatable; 
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means for coupling fluid to the inside of the inner cylinder; 
and 

a jacket fitting tightly around the outer cylinder, the jacket 
having a slot along its length to regulate the flow through 
the exit of the outer cylinder. 

9. The nozzle arrangement of claim 8, in which the slot is 
wider than the exit in the outer cylinder. 

10. The nozzle arrangement of claim.8, in which the edges 
of the slot are inwardly tapered. 

11. The nozzle arrangement of claim 8, in which the exit 10 
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6 
comprises a plurality of openings arranged in a line. 

12. The nozzle arrangement of claim 1, in which the 
coupling means comprises a shaft extending through the outer 
cylinder, the ends of the shaft being connected respectively to 
the adjusting element and the inner cylinder, the nozzle ar 
rangement additionally comprising means for sealing the out 
side of the outer cylinder from the inside of the outer cylinder 
where the shaft extends through the outer cylinder. 


