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United States Patent Offic 3,037,800 

3,037,800 
TUBE AND POLE PECE ASSEMBLY 

Martin S. Laverty, West Hempstead, and Carl Brunner, 
Floral Park, N.Y., assignors to Murray Manufacturing 
Corporation, Brooklyn, N.Y. 

Filed Feb. 5, 1957, Ser. No. 638,241 
3 Caias. (C. 287-20.3) 

This invention relates to a tube-pole piece assembly 
such as used in circuit breakers, and more particularly 
to methods and apparatus for attaching the pole piece to 
the tube and the structure produced thereby. m 
The tube-pole piece assembly as utilized in a circuit 

breaker comprises generally a hydraulically sealed non 
magnetic tube closed at one end by a pole piece; i.e., a 
magnetic member. Contained within the tube are a mov 
able pole piece and a spring for retarding the movement 
of the movable pole piece towards the stationary pole 
piece. The tube is also preferably filled with a liquid to 
dampen further the movements of the pole piece. The 
tube is surrounded by a coil of wire which conducts the 
circuit current so that the electromagnetic field generated 
by the flow of current passes through both pole pieces. 
The stiffness of the spring and the viscosity of the liquid 
is chosen so that during normal current flow, there is little 
or practically no tendency for the movable pole piece to 
travel towards the end pole piece. An armature is located 
in close proximity to the end pole piece and is so coupled 
to the circuit breaker contacts that if the armature is at 
tracted and moved to the pole piece, the contacts are 
opened and the circuit is interrupted. Under conditions 
of normal current flow, the pole pieces are physically sep 
arated and the magnetic flux through the end pole piece 
is insufficient to attract the armature. If a short circuit 
occurs, the current surge through the coil produces an 
electromagnetic field of such magnitude that the flux 
through the end pole piece is sufficient to attract the arma 
ture and open the circuit. The two circuit conditions 
thus far described, namely-normal and short circuit, are 
the extreme conditions, the intermediate condition is the 
Overloaded circuit. In the usual overloaded condition 
there is insufficient flux passing through the end pole 
piece to attract the armature; however, there is an electro 
magnetic field of sufficient intensity traversing the movable 
pole piece causing it to move gradually towards the sta 
tionary pole piece. When the movable one contacts the 
stationary pole piece, the reluctance of the magnetic cir 
cuit is considerably reduced thereby increasing the intensi 
ty of the magnetic flux through the pole pieces to such an 
extent that the armature is attracted to the end pole piece 
to open the circuit. It should be apparent that the tube 
pole piece assembly acts as a time-delay device, permitting 
a continuous overload condition to exist for a predeter 
mined time before interrupting the circuit. Thus, in the 
industry, the tube-pole piece assembly is known as a hy 
draulic-magnetic time delay tube. 

This invention relates to the tube and end pole piece 
assembly and particularly to the method and apparatus 
for attaching the pole piece to the end of the tube and 
the novel structure produced thereby. 

In accordance with conventional practice, the tubes are 
made by drawing from suitable sheet metal, e.g., brass. 
This method of manufacture is similar to that used in 
making cartridge cases and produces a thin walled tube 
of required accuracy and uniformity which is integrally 
closed at one end. It has been the practice to part the 
closed end and replace it with a pole piece of magnetic 
material. The pole piece is brazed or silver soldered to 
the end of the tube in order to hydraulically seal the tube. 
This technique necessitates the use of flux and high tem 
peratures which cause oxidation and leaves undesirable 
flux residuals which are removed by washing, pickling, 
rinsing and drying. The reasons for cleaning the tube 
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2 
are to remove all particles which might impede move 
ment of the movable parts within the tube and to eliminate 
the possibility of chemical reaction between the hydraulic 
liquid and the metal parts. Thus, the conventional prac 
tice suffers from the following disadvantages: The silver 
solder is expensive, the brazing and subsequent cleaning 
operations are slow and expensive, the tubes are occasion 
ally leaky, caused by faulty joints, and the method is not 
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amenable to mass production techniques. 
Accordingly, it is an object of this invention to provide 

a method for attaching the end pole piece to the tube 
so as to overcome each of the above-mentioned disad 
Vantages. 

It is a first feature of this invention to use the drawn 
tube without cutting-off the integrally closed end. 

It is a further feature of our invention to attach the 
pole piece to the tube by mechanical interlocking means 
and thereby obviate the necessity for solder, flux, heat 
and subsequent cleaning operations. S. 
A still further feature of this invention is to provide a 

tube and pole piece assembly including an additional 
part of non-magnetic material for mounting and locating 
the assembly in the circuit breaker. The additional part 
is attached to the pole piece at the same time that the 
pole piece is attached to the tube so that the pole piece, 
tube and mounting member are mechanically interlocked 
to form a single unitary structure. 

It is a further object of this invention to provide novel 
apparatus for mechanically interlocking the pole piece 
to the tube. 

It is a still further object of this invention to provide a 
novel tube and pole piece assembly. 

In accordance with a first broad aspect of our inven 
tion, there is provided a method for attaching a pole 
piece to a tube, comprising positioning the pole piece on 
the tube, and deforming an inner edge of the pole piece 
in an inwardly radial direction, causing the edge to bite 
into the surface of the tube. 

In accordance with a second aspect of our invention, 
there is provided a punch for affixing the pole piece to the 
tube comprising a block, and a swaging tool having two 
concentric portions separated sufficiently to permit the 
wall of the tube to fit into the cylindrical space. On the 
end of the outer cylindrical portion, a cylindrical pro 
jection is provided close to the space between the cylin 
drical portions. The pole piece and tube are supported 
so that when the punch is operated, the block acts against 
one surface of the pole piece and the Swaging tool acts 
against the opposite surface thereof, with sufficient force 
to impress the surface with the projection, thereby dis 
placing the inner edge of the pole piece in an inwardl 
radial direction to bite into the tube. 

In accordance with a third aspect of the invention, 
there is provided a tube and pole piece assembly charac 
terized by an inside edge of the pole piece being of smaller 
diameter than the outside diameter of the tube, and a 
slug wedged in the tube adjacent the pole piece and 
shaped to bite into the tube along a circumference adja 
cent the other inside edge of the pole piece. 
The above-mentioned and other features and objects of 

this invention and the manner of attaining them will be 
come more apparent and the invention itself will be best 
understood by reference to the following description of 
an embodiment of the invention taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a cross-sectional view of the tube and pole 
piece assembly mounted on a block; 

FIG. 2 shows the Swaging tool in relation to the block 
and tube-pole piece assembly; 

FIG. 3 is a cross-sectional view of the finished assembly; 
FIG. 4 is an enlarged view of the seal between the tube 

and pole piece; w 
FIG. 5 shows another embodiment of the invention; 
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FIG. 6 is a cross-sectional view of the finished assem 
bly produced by the embodiment of FIG. 5; and 

FIG. 7 is an enlarged view of the seal between the tube 
and the pole piece. .. . s: - 

Although we have chosen to use the expression "tube 
and pole piece,” which properly defines the components 
as used in a circuit breaker, it is to be realized that our 
invention has much wider application and, therefore, ex 
pressions which define the mechanical equivalents such as 
"tube and annular member,” “tube and flange" may be 
used interchangeably. . . . . . 

Referring now to FIGS. 1-4, there is illustrated the 
preferred embodiment of our invention. 
- In accordance with the first feature of this invention, 
we utilize the tube with the integrally closed end, shown 
at 1, 2 respectively which assures the hydraulic seal re 
quired between the pole piece 3 and the tube 1. The pole 

4. 
spring loaded pressure plate 19. The block 4 is the mova 
ble member in this embodiment and is lowered with suffi 
cient force against the pole piece to effect the mechanical 
interlocking seal. The finished assembly is shown in FIG. 
6 and an enlargement of a portion of FIG. 6, is shown in 
FIG.7. As seen in FIG. 7, the W slot impressed in the 
annular portion 8 displaces the metal in opposite radial 
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directions, thereby also wedging the washer 8 against 
the extension portion 17. It is to be realized that the 
peripheral shape of the washer may take any desired form, 
e.g., circular or rectangular. It is only essential that the 
opening of the washer conform to the shape of the pole 
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piece 3 is an annular member fitting snugly on the tube 
1 and the two components are supported in position by 
a block 4, or anvil, which in this embodiment is station 
ary. A cup-shaped slug, or disk, 5, with the cup portion . 

20 
both these seals to escape. 

piece on which it is placed. 
One advantage which flows from the second embodi 

ment is that open ended tubes may be utilized, since the 
pole piece, as swaged in place, is mechanically Sealed 
to the tube at two circumferential lines 20 and 21, FIG. 
7. Therefore, any hydraulic leakage must pass through 

A second advantage is that 
the washer 18 is secured in place during the swaging 
operation. 

facing the anvil 4, is inserted into the tube 1. The pur 
pose of the slug 5 and its shape will become clear from 
the following discussion. . - 

Referring now to FIG. 2, there is shown a Swaging tool 
6 comprising two concentric cylindrical portions 7, 8 
spaced sufficiently apart to permit the wall of the tube to 
pass therebetween. On the end of the outer cylindrical. 
member 7 there is formed a concentric projection 9. hav 
ing a cross-section in the shape of a V; the projection 9 
being located close to the space for reasons which will 
also become clear from the discussion which follows. 
The end 10 of the inner cylindrical portion 8 is flat and 
is coterminous with the flat end 11 of the outer cylinder 7. 
The swaging tool 6 and anvil 4 constitute a punch, the 

swaging tool being movable in the direction denoted by 
the arrow. 
When the punch is operated, the swaging tool is brought 

down with sufficient force to effect a mechanical inter 
lock along two circumferential lines of the tube. First, 
the projection 9 deforms the pole piece 3 by impressing 
the V in the surface thereof, causing part of the metal 
of the pole piece to be displaced in an inwardly radial 
direction, and to bite into the tube as shown at 12, FIGS. 
3, 4. The length and width of the V are important and 
determined by empirical methods. If the length is ex 
cessive, the pole piece may be sheared or weakened, and 

While we have described above the principles of our 
invention in connection with specific apparatus, it is to 
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if the width of the W is not sufficient, the amount of metal : 
displaced will be inadequate to lock the pole piece to the 
tube. The size of the W depends on the size of the pole 
piece and the materials from which the tube and pole 
piece are made. m 
The second mechanical interlock is made as a result of 

the inner cylinder 8, flattening the slug and wedging it in 
place. Since the circumferential edge of the slug is cylin 
drical, the edge 13 of the slug 5 bites into the tube along 
a line adjacent the opposite inner edge 14 of the pole piece 
3. The mechanical interlock is seen clearly in FIG. 4 
which is an enlargement of portion A of FIG. 3. 
The tube is made of a non-magnetic material such as 

brass and the slug and pole piece are made of a magnetic 
material such as steel. - 

Referring now to FIGS. 5-7, there is illustrated a sec 
ond embodiment of our invention. The pole piece of 
this embodiment comprises an annular portion 15 and a 
base 16 extending beyond the annular portion 15 as shown 
at 17. The extension 17 of the pole piece acts as a sup 
port for an additional non-magnetic member 18, in the 
form of a washer, which is used in locating and mount 
ing the tube in the circuit breaker. 

In this embodiment the slug 5 and tube 1 are mounted 
on the swaging tool 6 as shown. The washer 18 is placed 
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over the pole piece and the two parts are inverted for 
positioning. The pole piece is then slipped over the end 
2 of the tube 1 and the washer 18 is supported on a 75 

be clearly understood that this description is made only 
by way of example and not as a limitation to the scope 
of our invention as set forth in the objects thereof and 
in the accompanying claims. 
What is claimed is: 
1. An assembly of a tube, an external flange and an 

internal slug, the tube being of softer material than either 
the flange or the slug and having uniform inside and out 
side diameters substantially along its entire length and 
irregular inside and outside diameters at one end thereof, 
said flange comprising an annular portion mounted on 
said tube contiguous to said end and having an inside 
edge of smaller diameter than the uniform outside di 
ameter of said tube whereby said edge bites into said 
tube reducing the uniform outside diameter thereof lo 
cally, and said internal slug being located inside said tube 
adjacent said end and surrounded by said flange, said 
slug having an outside edge of greater diameter than the 
internal uniform diameter of the tube whereby said edge 
bites into the wall of the tube increasing the inside diame 
ter of the tube locally. 

2. The assembly according to claim 1 wherein said 
tube is closed at one end and said annular portion and 
said slug respectively surround the wall contiguous to said 
closed end. 

3. The assembly according to claim 2 wherein the 
maximum diameter of said internal slug is adjacent the 
closed end of said tube and the minimum inside diame 
ter of the annular portion is offset from the plane of the 
maximum diameter of said slug, whereby a positive me 
chanical locking of the three parts in fixed and perma 
nent relationship to each other is achieved. 
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