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. " 1 Clalm
1

This mventmn relates to a method of elec_ p

tropellshmg the internal surface of a hellow

- metal valve and to the hollow metal valve SO

produced.
~ Hollow metal Valves. have
made by forging operations. ‘After the valve has

 been forged, it is customary to ream out the

heretofore been-'

(Cl

204-—140) o
2

Other--_ and further important objects of this

invention will be apparent from the disclosures

in the specification and the accompanymg-_

stem portlon of the valve to provide a relative

smooth infternal wall,
‘wall with abrasive paper. hese
- reaming and polishing operations has always

and then to polish the

The result of these 10

‘been to leave an amorphous layer over the sur-

face of the internal wall of the valve.
amorphous layer,

-any mechanical working of a . metal surface.

~ One dlsadvantage of such a layer is that it has
a relatively low grade of heat transfer so that it

to some extent obstructs the passage of heat from

‘the coolant, which may be metallic sodium, cop-
per or the like, used in a hollow valve, to the
- wall of the valve and thence to the valve guide,

| ~Such an
which is sometimes called a
Beilby layer, is inherently formed as a result of
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It is, of course, very desirable to provide the high- .

est effi

clency of heat transfer in order that the

head of the valve may be kept as cool as pos-
sible, - to thereby prevent everheatmg of the :

valve.

25

T have now found that 1f the internal surface '

of a valve, or the like, is electropolished, a smooth,
polished surface can be obtained that is entirely

30

free. from the objectionable amorphous layer

produced by the mechanical Workmg of the metal
of the valve.

having an electropohshed interior surface per-

mits a more efficient transfer of heat from the

The result is that a hollow valve

coolant used in the valve to the stem portion of

‘the valve, and thence to the external guides,

It is therefore an important object of this_
invention to provide a method for electropohsh— 'j

ing internal metal surfaces to insure a more ef-
ficient rate of heat transf er through such
- surfaces, | |

40

It is a further 1m;oortant ebgect of thls m—:

vention to provide a method for the electropolish~

ing of the internal surfaces of hollow metal valves
to ehmmate or: minimize the deleterious effect of

scratches, remaining after a final mechanical

polishing: or smoothing by the use of abrasive

cloths, on the endurance strength of the- valve
by partially or wholly removing such scratches.

said rod 12 by means of a thumbscrew 185.

drawmgs
- On the drawmgs -
- Figure 1 is an elevatmnal v1ew partly in sec~-.:

- tion, of an apparatus embodymg the principles.
- of my invention and suitable for carrying out a.

metihiod of electrepohshmg the internal surface |
of & hollow valve; and
- FPligure 2 is an enlarged fragmentary, sectmnal'
wew of the valve and. attachment 111ustrated in
Figure 1, with parts in elevation. -
The reference numeral {0 indicates generally

P support, having a base Il and an upright rod

12 extending from said base. A valve, indicated

‘generally by the reference numeral i3 is adapted

to be supported from the stand 19 by means of
a clamping member {4, adjustably mounted along

clamping member {4 is provided at its free end
with a ring {6 having an inner, annular lining
{7 of rubber, or other: msulatmg material. The
valve 13 is adapted fo be inserted in said ring
16 at ils stem end- IB to be frlctlonally sup-

'_ ported therein.

AsS 111ustrated the valve 13 comprlses 3 mush--
room shaped head portion I9 and an elongated
stem portion 20. The head portion 19 is formed.
with a cavily of a shape in general con-
forming with the external confour of the head
(9. The stem 20 is also formed with a cavity,

“indicated by the reference numeral 22, which
extends for its full length and merges smoothly

into the head cavity -21. Ordinarily, the valve
{3 as it comes to the electropohshmg step aboutb
to be described will have been reamed to Pro-
duce the stem cavity 22. It may also have been -
mechanically polished, as by use of an abrasive
cloth. It is advantageous that some mechanical
means have been used that will leave the wall
of the stem cavity 22 in g fairly. smooth condi- -
tion, relatively free from tool marks, since in that
case the electropolishing step has less work to
do and can be accomplished at g lower cost.
Aside from this matter of cost, the electropolish- -
ing method about to be described could be used

- even where the internal surface of the stem of the

- valve is relatively rough, since in the electropel-

- 50

It is a further important object of this mven- '_
txon to prowde a hollow valve having an electro-

pohshed mternal surface- that is free. from any .
amorphous layer and- that is- characterized by a
: hlgh rate of heat transfer - |

. time, the surface is left perfeetly smooth and W1th o |

ishing step the high points on the surface, or

crests, are anodically dissolved away until, if the
method is carried out for a sufficient length of

- @ mirror polish.

55 Varmus metals and. alloys may be employed m: |

Said
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i
- making the valve {3, but for use in high com-
pression internal combustion engines, the valves
are usually made of a chromium-steel alloy, or of
- a chromium-nickel alloy. Suitable metals and
their alloys for forming the type of valve here

under consideration are the following: nickel-

chromium and - iron - alloys such’' as Nichrome
steel; nickel, molybdenum and iron alloys such

as Hastelloy steel; non-ferrous nickel-chromium. -
alloys such as Brightray; and cobalt; chromium: 10
It should -

and tungsten alloys such as Stelllte
be understood, of course, that the invention here-
in described is not limited to the use of these
particular alloys.

of my invention is applied may be elther fcrged
cast or otherwise formed.

As illustrated in Figure 1, a IE&SEI‘VGD" 23 for
holding a supply of an electrclyfe 24 is mounted
above the valve (3 from the ring stand 10, by
means of a clamping member 29. Said reservoir

23, as illustrated, comprises a funnel having a.

stcp-mck- 26 for ccntr-clling- the rate of flow of
the electrolyte. - | |

The reservoir 23 is connected by means of a
fiexible hose 27 tc - tubular -electrode 28 that
extends into the hollow valve i3 for the full

length of the stem portion 28. The electrode 28

may- suitably be supported by a clampiag mem-
ber 28, adjustable upon the ring stand 0.
- spacer- 30 of iInsulating material is mcunted in
the stem end 18 of the cavity 22 for spacing said

electrode 28 equldmtently from the wall of the
cavity 22. A second. spacer- 31 sexves to center
the lower end of said electrode ‘28. Both of the

‘spacers 30 and 31 are provided with openings
-~ therethrough, such as the openings 32 and 33
respectively, which serve for-the upward flow of
the electrolyte that is introduced by the hollow
electrode 28 into the head cavity 2i. -
An electrical circuit, comprising lead wires 34
and: 35, connected  to a suitable source of elec-
trical energy (not shown), is arranged to in-

~clude the valve 13.and the electrode 28. For this
purpose, the lead wire 34, connected to the posi-

tive side of a source of direct current electricity,
is connected to the valve 13 by means of a band
connector 36, and the negative wire 35 is con-

nected to- the elecirode 28 by means of a screw

tightened clamping band:31.: A switch 38 is pro-

vided in the lead-wire 34, as-are also an ammeter

-39 and a rheostat 40. A voltmeter 41 is con-

nected in parallel with the-inner circuit through

theé electrolyte in the valve: {3 by means of a
wire 42 extending across the lead wires 34 and 35.
As will. be evident from- this description, the

valve {8 itself forms the anode of the circuit that
includes the electrolyte within- said valve, while

- the electrode 28 forms the cathode of the circuit.
Any suitable  electropolishing -electrolyte may.
Amonsg -
the electropolishing:electrolytes-that are known
to those familiar with the art may be mentioned

be tsed in the method of my invention.

sulphuric and phosphoric acids, and mixtures of
the- two. - As -a result of considerable research,
'cencentreted orthophosphoric acid at g tempera-
ture between about 50 and 150° F, has been found
- to give the most satisfactory-results in the elec-

tropolishing of the internal stem surface of ‘a

hollow. valve made of a.chromium-containing.
steel, or one of alloys referred. to above., Prefer-
ably, a 75% aqueous solution -of phosphoric acid;
containing 759 of orthophosphoric acid by
weight of the solution, and heated to-about 100°
.- is-employed. When. the conditions- of opera-

A

10

It should further be under-
stood that the hoilow valve to which the method

15

| 4
tion hereinafter described are followed, a imirror-
like, polished surface, free from any armorphous
layer is produced by the use of 75% orthophos-
phoric acid. Other electrolytes, however, may
be used satisfactorily, provided that they are
adapted to electrcpcllsh the part1cu1ar metal or
alloy of which the valve 13 is'made.

In operation, the electrolyte 24 from the reser-

‘voir 23 is allowed to flow through the stop cock
286 into the hollow valve (3 al a suitable rate
which is controlled by proper adjustment of the

stop cock 26,  The electrolyte flows down through
the hollow electrode 28 into the head cavity 21 of
the valve and, after- filling the valve, overflows
through the opening 32 in the upper spacer 30,

and runs down over the surface of the valve 13

into an overfiow basin 43. After the valve 13
has filled up with electrolyte, the rate of flow may

- Dbe adjusted to about 2 cc. per minute.

20
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results.

As scon as the valve {3 has been filled with the
electrolyte; the circuit comprising the lead wires
34 and 35 is energized by closing the switch 38.
A -direct current capable of delivering-an operat-
ing voltage of around 4 to 5 volts has been found
suitable.: The rheostat 40 is adjusted fo give a
reading-on the ammeter 39 of around 2.5 to 3.5.
amperes. On the basis of the internal surface-of
the valve undergoing electropolishing, this will.
ordinarily give about 0.5 ampere per square inch.
anode current density. -
density is. much greater or much less than. this,
the - rheostat 40. should be adjusted to bring. 113'_

within the iimits mentioned:
The spacing of. the anode: from. the ca,thode 1s-
relgtively important.” ‘In the apparatus illus--

trated; the cathode electrode 28 may. suitably be:
2 copper tube having an .outside diameter of one-
eighth of an inch and an inside diameter of one-.
sixteenth of an inch. With the usual diameiers
of the stem: cavity-22; this will.result in an anode--
cathode spacing: of between. one-eighth of an
inch and three-eighths.of an inch. 'These are,
in general, the minimum- and maximum  anode-
cathede spacings.  for: optimum. electropolishing.
The cathode elecirode 28 need not be
made of ‘copper, -but may:be made of stainless

 steel, Mcnel metal or cther smtable metel or

50
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of forty-minutes. -

alloy. - |

‘The ra,tle of anode to cathcde area. should not-‘-
vary. for best results very greatly from the ratio.
of 3.5.to 1.0 This ratio.of ‘anode to cathode area-
rather takes care.of itself: if:the: anode-cathode:

- spacing-is prcperly ccntrclled as.-above indicated.

It is. important, of course, that the cathode 28:
be properly: centered with respeet: to ‘the stem
cavity 22; so.that the radial: d1stance between the
outside of the. cathode- 23 and:inner- wall’ of the
cavity. 22 wﬂl ‘be the same throughout the length
of the stem.. N

- The. cpera,tlcn is ccntmued unt1l the surfece of
the stem cavity 22:-has received:a smooth, mirror--
like polish, or whatever degree of polish-is de-
sired: With the conditions of:-electropolishing
such as those above.: descrlued the-entire electro~

polishing- cperetmn -requires in the neighborhood:
“At-the ‘.end-of this period; the
and the Ve,lve l3 removed froms-

current is shut ef
lyte a,nd thcrcughly weehed Theumternal sur-
face-of the stem: rca,w.ty 22 will-be’ found to have:
taken-on-a smooth; mlrror—llke polish- and will
be entlrely free from any amorphous layer. |

The- electrolyte solution; ‘may; of  course, be.

re-used; as-by-returning-the excess-of electrclyteﬁ |

75 from the cverﬂcw receptacle 43 ‘back-to the res-

“If the anode current



- the valve.

._5_,
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ervoir 23. Upon continued use, the dlssolted |
- solids contents of the electrolyte increases due
- to the anodic dissolution of metal from the sur-

: face of the stem cavity 22, until finally the elec-_-
“This point is.

trolyte is no longer effective.

reached when about 0.17 gram of chromium are

present for each 10 cc. of the electrolyte.

electrolyte used.
In my copending apphcatlon ﬁled of even date

heremth I have described g method and an

- The -
- electrolyte may then be regenemted or a, new'

Wha,t T clalm is - |
The method of electropolishmg the inner sur- |
face of the stem of a hollow valve which comprises

- positioning a hollow electrode in said stem, flow- _'
ing an electropolishing electrolyte through said
‘hollow electrode into said valve while permitting

the excess of said electrolyte to overflow from

‘said valve, making said inner stem surface the

* anode and said electrode the cathode, and While

10

apparatus for descaling the wall of the valve

head cavity, such as the cavity 21 of the valve 13.
The descaling of the head cavity, as described
in this copending application for petent would
~ordinarily be carried out before electropolishing

- the inner surface of the stem portion of the valve.

If desired, apparatus such as shown in my co-
- pending application might be used for the electro-
polishing of the walls of the head cavity 21, using
the operating conditions hereinabove set__forth
- for the electropolishing of the stem portion of

the walls of the head cavity takes place, because

In the method as above described,
- however, very little, if any, electropolishing of

continuing said electrolyte flow passing an elec-
tric current from said anode through said electro-
Iyte to said electrode of sufficient current density
and for a sufficient period of time to effect a

polishing of said inner stem surface and to render -

15
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-ﬁle of thls po,tent

the cathode electrode 28 is relatively farther away |
from the walls of the head cavity 2i than it is

from the wall of the stem cavity 22 and hence
an insufficient amount of current passes through
the walls of the head cavity to effect polishing.
The lower end of the cathode electrode 28 may,
of course, be inserted into the stem cavity 22

for only such distance as electropolishing of the

stem portion may be desired to be carried, or, by
using the electrode extension of my copendlng
application, the walls of the head cavity 21 ma,y
be electropolished, as well as descaled.

- It will, of course, be understood that va,i'mus- |
.details of construction may be varied through a

wide range without departing from the principles
of this invention and it is, therefore, not the pur-
pose to limit the patent granted hereon otherwise

30
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. Number
25

said mner stem surface free from any amorphous |

layer
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