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[57] ABSTRACT 

A phosphor coating is removed from a tube by holding 
a scraper against an interior wall with a magnet and 
moving the magnet, thus moving the scraper and 
scraping the coating from the wall. The scraper has 
several spaced parallel blocks with arcuate scraping 
edges slightly offset from each other. The blocks are 
joined by a resilient band which permits relative 
movement. A plurality of magnets is ?xed in a parallel 
assembly, so that each scraping block forms an arma 
ture for one magnet. 

13 Claims, 3 Drawing Figures 
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TUBE SURFACE SCRAPING 

BACKGROUND OF THE INVENTION 
Tubes of many kinds have requirements for treating 

of particular areas of surfaces. Treating is especially 
dif?cult when an interior surface must be reached. The 
dif?culty is increased when operating must be removed 
from a closely de?ned area on an internal tube surface, 
far from an end of an elongated tube. 
One example of a tube which must be physically 

treated to remove a coating is described in U.S. Pat. 
No. 3,141,990. An aperture lamp is a special form of 
a ?uorescent lamp from which a portion of the phos 
phor coating is removed to produce a high intensity 
light directed through the aperture. 
A ?uorescent tube is made of a glass envelope interi 

orly coated with phosphor. Gas sealed within the tube 
becomes ionized upon application of electricity. Ions 
striking the phosphor cause it to glow, emitting light. 
Thickness of the phosphor coating is important be 
cause it is the inner surface of the phosphor which be 
comes brightest. Light intensity is reduced in passing 
through the coating. Removing parts of the coating ex 
poses the brilliant inner surface of the phosphor on the 
opposite wall. Light passes unimpeded through the win 
dow or aperture where phosphor has been removed. 
Known methods of removing phosphor from one side 

of a tube have employed wipers which are held against 
one side of a tube by small leaf springs which bear 
against the opposite side of the tube. 
The spring-pushed wiper is drawn through the tube. 

It is difficult to maintain alignment of the wiper with 
the desired aperture throughout the phosphor remov 
ing operation. However, the greatest drawback to that 
known method is that the spring removes a fine line of 
phosphor and creates a small undesired aperture di 
rectly opposite the desired aperture. 
The small spring-formed aperture is responsible for 

a large light loss. First, the area directly opposite the 
clear window in an aperture tube is the area which pro 
duces the light which directly passes through the win 
dow Any loss of material or reduction in that light pro 
ducing area of maximum effectiveness is immediately 
noticed in a reduced output of the tube. Moreover, the 
spring procuded aperture may provide an opening for 
a loss of re?ected light from other areas of the tube. 

It is highly desirable to construct an aperture tube 
without the small secondary aperture created by a 
spring as it supports a wiper against the opposite por 
tion of a tube’s inner wall. 

SUMMARY OF THE INVENTION 

The present invention provides magnetic means for 
treating a de?ned area of a tube wall. The apparatus 
and method of the invention are particularly useful in 
treating a speci?c area on an inner surface of a tube 
without touching other areas of the inner wall. “Treat 
ing” is used with the ordinary connotation of any oper 
ation on a surface of a tube. “Surface” refers to a sur 
face of a coating or a coating as well as a tube wall sur 
face. ‘ 

The method and apparatus of this invention are par 
ticularly useful in making aperture tubes by removing 
a phosphor coating from an area on one side of a glass 
tube. 
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2 
The broad objects of the invention are accomplished 

by using a magnetic means to hold a second magnetic 
means against the tube wall to be acted upon. At least 
one of the magnetic means is a magnet; the other 
means may be an armature. At least one of the mag 
netic means, usually the armature, has a tube treating 
edge. Pennanent or electromagnets may be employed. 
The latter may be preferred so that armatures may be 
readily moved, aligned, joined and removed while the 
magnets are deenergized. _ 
The form of magnetic means with the tube treating 

edge should conform to the desired surface of the tube. 
In most cases the tube is cylindrical. The armatures are 
blocks with segmental cross sections. Arcuate edges 
between arcuate surfaces and side faces of the blocks 
are square and sharp. Poles of a magnet are aligned 
across the tube to ensure alignment of the scraping ar 
mature within the tube. Poles are ?nished to a concave 
circular shape to fit a tube wall. ‘ 

In a preferred embodiment, a plurality of magnets is 
assembled in a non-magnetic block. Magnets are held 
in spaced parallel relationship, each being aligned 
across a tube. - 

Scraping segments are assembled in spaced parallel 
relationship cooperatively with the magnets, with 
scraping edges aligned across the tubes. A resilient 
means, which may be multiple members or a single 
member, interconnects the segmental blocks. Relative 
movement of the blocks may occur to facilitate scrap 
ing and to match tube inconsistencies. 
Arcuate surfaces of the blocks may vary from true 

arcs in a random‘ or programmed manner. The varia 
tion from a true arc is preferably unique in each block. 
The blocks may scrape separate areas within the de 
sired window. 
One object of the invention is to operate on tubular 

walls, using a magnet on one wall and an armature on 
. another wall, with one of the elements having a work 
ing edge adjacent the wall. 
Another object of the invention is the provision of a 

tube scraping tool having several resiliently joined 
scraping segments supported against an inner wall of 
the tube by parallel encased magnets. 
These and other objects of the invention will be ap 

parent from the speci?cation which includes the fore 
going and ongoing description and the claims, and from 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a representation of a method of the inven 
tion in which a plurality of magnets is moved across an 
outer surface of a tube, drawing a plurality of arma~ 
tures with scraping edges along an inner surface of the 
tube. 
FIG. 2 is an elevational detail of magnets, scraping 

armatures and tube. 
FIG. 3 is a sectional detail taken along line 3-3 in 

FIG. 2. 

DETAILED DESCRIPTION OF THE DRAWING 

Referring to FIG. 1, a ?uorescent tube is generally 
indicated by the numeral 1. Tube lthas a glass envelope 
2 and a phosphor inner coating 4. To remove the coat 
ing from a line along one side of the tube, an assembly 
generally indicated by the numeral 10 is used. Assem 
bly 10 consists of a parallel array 12 of magnets 14 en 
cased in an epoxy binder 16. The magnet array 12 is 
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held on the outside of tube 1, while a similar array 18 
of armatures 20 is positioned within the tube. Arma 
tures 20 are held in parallel position by a ?exible steel 
strap 22 which is bonded or welded to the backs of the 
armatures. 
Caps 24 and 26 have nipples which receive water 

tubes. Water is passed through the tubes either toward 
the elevated end or toward the lower end or back and 
forth slowly while the magnetic assembly 10 is moved 
back and forth along the tube 1 in the direction of 
arrow 28. 

FIGS. 2 and 3 show a preferred embodiment of the 
invention in which electromagnets are employed. As 
shown in FIG. 2, each magnet consists of a horseshoe 
shaped core 14, having poles aligned across the tube 1. 
The poles may have concave surfaces to ?t the curve 
of the tube. A conductor 30 has turns 32 around each 
core. As shown schematically in FIG. 3, terminals 34 
and 36 of wire 30 are connected to a switch 38 and to 
power source 40. 

In a preferred operation, the armature array 18 is in 
serted in tube 1 on the area of coating 4 to be scraped 
from the tube. The magnet array 12 is positioned over 
the armature array, and switch 38 is closed. When per 
manent magnets are used, the magnet array should be 
moved radially toward the tube in the direction of the 
properly placed armature array to avoid shifting of the 
armatures during the positioning step. The magnets, 
cores, windings, power supply and armatures are se 
lected according to the desired amount of pressure nor 
mal to the tube wall that is desired. Usually a strength 
which is suf?cient to hold the assembly with ?xed rela 
tive position of the arrays is desirable. Further mag 
netic strength is unnecessary. In the case of electro 
magnets, strength of magnetic ?eld may be precisely 
controlled by employing a potentiometer in the circuit. 

As shown in FIG. 4, side faces 40 of scraping arma 
tures 40 form right angles with the curved surfaces 
which bear against the inner wall of the tube. Scraping 
is accomplished at the right angle edges, and scraped 
debris falls into the ?uid stream within the tube for re 
moval. 
The curves of the scraping armatures approximate 

the curve of the inner wall of the tube. Portions of the 
tube-abutting faces may be removed as indicated at 42, 
so that a different scraping arc armature is presented to 
the tube by successive armatures. Such a con?guration 
has proved effective in quickly removing phosphor 
from a fluorescent tube. Alternately, the curves of the 
armatures may uniquely vary slightly from true arcs, 
causing the same result of individual scrapers bearing 
against distinct adjacent areas on the tube wall, and 
promoting rapid and uniform coating removal. 
The varying of the surfaces from armature to arma 

ture has the additional effect of causing vibrational 
twisting of the resilient strap 22 as the armatures are 
dragged along the tube. That twisting further promotes 
the scraping action. 
While the invention has been described with refer 

ence to one speci?c embodiment, it will be obvious to 
one skilled in the art that several modi?cations of the 
embodiment may be made without departing from the 
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present invention. Precise limits of the invention are 
found only in the following claims. 
We claim: 

4 
1. Apparatus for treating a surface of a tube compris 

ing 
?rst curved magnetic means mounted within a tube 

for contacting a segmental part of an interior sur 
face of the tube and for moving along an interior 
surface of the tube, 

second magnetic means mounted on an exterior‘ of 
the tube for moving along an exterior surface of the 
tube, 

magnet means associated with one of the ?rst and 
second means for drawing the magnetic means to 
ward each other against interposed tube surfaces, 

curved segmental surface treating means on one of 
the first and second means adjacent a portion of 
the tube surface and being con?gured coopera 
tively with a surface of the tube for treating the sur 
face, 7 I 

and means for moving the ?rst and second means 
along the tube, whereby a surface of the tube is 
treated. 

2. The apparatus of claim 1 wherein the surface treat 
ing means comprises a plurality of spaced multiple par 
allel scraping edges. 

3. The apparatus of claim 1 wherein the tube is cylin 
drical, the second magnetic means comprises a magnet, 
and the ?rst magnetic means comprises an armature 
having a segmental cross section, and wherein the sur 
face treating means comprises an arcuate treating sur 
face on the armature. 

4. The apparatus of claim 1 wherein the second mag 
netic means comprises a plurality of aligned magnets 
and means to hold the magnets in spaced relationship 
to each other, and wherein the ?rst magnetic means 
comprises a plurality of aligned segmental armatures 
having spaced parallel treating surfaces for engaging an 
interior surface of the tube, and means for holding the 
armatures in parallel relationship. 

5. The apparatus of claim 4 wherein the magnets 
each have adjacent poles aligned transverse to an elon 
gated axis of the tube. 

6. Apparatus for treating a surface of a tube compris 
mg: 

?rst magnetic means mounted within a tube for con 
tacting a part of an interior surface of the tube and 
for moving along an interior surface of the tube, 

second magnetic means mounted on an exterior of 
the tube for moving along an exterior surface of the 
tube, 

magnet means associated with one of the ?rst and 
second means for drawing the magnetic means to 
ward each other against interposed tube surfaces, 

wherein one of the magnetic means comprises a plu 
rality of spaced parallel scrapers with surface treat 
ing means in the form of scraping edges being con 
?gured cooperatively with a surface of the tube for 
treating the surface, and a resilient means fastened 
to the scrapers and holding the scrapers in spaced 
parallel relationship, 

and means for moving the ?rst and second means 
along the tube, whereby a surface of the tube is 
treated. 

7. The apparatus of claim 6 wherein edges are 
uniquely oriented in varied segments. 

8. The apparatus of claim 6 wherein the edges are 
substantially arcuate. 
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9. The apparatus of claim 6 wherein the scrapers 
have backs opposite the scraping edges and wherein 
the resilient means comprises a torsionally resilient 
metal strap fastened to backs of the scrapers. 

10. A tube scraper comprising a plurality of segmen 
tal sections having segmentally arcuate scraping edges 
aligned in spaced parallel relationship, and a resilient 
means for holding the sections aligned and spaced. 

11. The method of removing an interior coating from 
an axially elongated surface portion of a tube compris 
mg 

inserting a magnetic scraper having an arcuate scrap 
ing edge in the tube, 

applying a magnet to an external surface of the tube 
near the scraping edge, thereby holding the scrap 
ing edge against an internal segmental surface of 
the tube, and 

moving the magnet axially along the external surface 
of the tube, thereby drawing the magnetic scraper 
and the scraping edge along an internal surface of 
the tube and scraping a linear coating therefrom. 

12. The method of claim 11 further comprising resil 
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6 
iently interconnecting a plurality of scrapers having off 
set scraping edges. and interconnecting a plurality of 
parallel magnets, each having adjacent poles aligned 
transverse to a longitudinal direction of the tube before 
the inserting, applying and moving steps. 

13. The method of removing an interior coating from 
an axially elongated surface portion of a tube compris 
mg: 

inserting a magnetic scraper having an arcuate scrap 
ing edge in the tube, 

applying a magnet to an external surface of the tube 
near the scraping edge, thereby holding the scrap 
ing edge against an internal surface of the tube, and 

moving the magnet along an external surface of the 
tube, thereby drawing the magnetic scraper and the 
scraping edge along an internal surface of the tube 
and scraping a coating therefrom, and 

inclining the tube, plugging a lower end of the tube, 
and ?owing water through the tube to remove 
scraped particles of the coating. 

* * * * =|< 


