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[57] ABSTRACT 

An electroforming process for manufacturing mi 
croparts comprises forming a mold cavity having the 
con?guration of the desired micropart in a resin plate, 
lining the interior of the mold cavity with an electri 
cally conductive material, attaching a lead wire to the 
electrically conductive material, immersing the mold 
cavity in an electrolytic bath, supplying dc electric en 
ergy to the lead wire to electrodeposit a metal layer of 
substantially uniform thickness and which comprises 
the micropart within the mold cavity, removing the 
electroformed micropart from the mold cavity, and 
?nally removing excess portions of the electrodepos 
ited material to obtain a ?nished micropart. To ensure 
uniform thickness of the electrodeposited material, 
the ratio of the height of the side wall to the width of 
the bottom wall of the mold cavity is preferably main 
tained at a value less than 3:1. 

10 Claims, 13 Drawing Figures 
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PROCESS FOR ELECTROFORMING 
MICROPARTS HAVING HOLLOW INTERIORS 

The present invention relates to a manufacturing pro 
cess and more particularly, to a manufacturing process 
for forming tiny watch parts or microparts by electro 
deposition. 

In the watch industry, much research has gone into 
engineering of escapement mechanisms and the indus 
try is continually trying to design escapement mecha 
nisms which have increased transfer functions and re 
duced weights in order to minimize the escapement er 
ror. Since the escapement mechanism is subjected dur 
ing use to intermittent impulsive forces, the mechanism 
must have sufficient strength and wearability to with 
stand such forces. 

5 

Most of the conventional manufacturing processes - 
for forming microparts for watch escapement mecha 
nisms comprise pressing operations wherein the parts 
are pressed from plates of brass, nickel-silver, or steel 
and the pressed parts are then suitably ?nished by ei 
ther cutting or grinding. Another manufacturing pro 
cess more recently employed in the industry has been 
electroforming wherein the desired watch part is 
formed by electroplating. 
The manufacturing of watch microparts by pressing 

is disadvantageous since the pressed parts have too 
heavy a weight and consequently their inertia is too 
great to permit them to move rapidly back and forth. 
One attempt to solve this problem has been to press 
the parts from aluminum alloy sheet which has a com 
paratively light weight. This attempt has been un 
satifactory when applied to pallet forks of escapement 
mechanisms since the guard pin of the pallet fork re 
peatedly collides with the roller jewel of the balance 
wheel during operation of the escapement mechanism 
and since the guard pin was formed of aluminum, it be~ 
came easily worn and hence aluminum pallet forks are ’ 
not feasible for practical use. . ~ 

The manufacturing of watch microparts by electro 
forming has heretofore also been disadvantageous 
since pallet forks made by such a process typically have 
a weight at least equal to and oftentimes greater then 
pallet forks formed by pressing. Moreover, the dimen 
sional accurracy of electroformed watch parts has not 
been too uniform and therefore internal stresses are 
usually present in the watch parts which frequently 
causes them to warp or otherwise distort themselves 
from their intended configuration. One of the advan 
tages of the electroforming technique is that the watch 
parts have substantially the same strength and wear 
ability as those parts formed by the more conventional 
pressing techniques. 
One attempt to overcome the disadvantageous heavy 

weight of the electroformed watch parts has been to 
form a deep groove in the watch part during the elec 
trodeposition process. Unfortunately, the watch parts 
heretofore made by this tecnique are not suitable for 
actual use since they lack the necessary mechanical 
strength and usually the thickness of the corner por 
tions of the watch part is only one tenth that of the re 
maining portion. The reason for this is that the metallic 
ions in the electrolytic solution have difficulty’reaching 
the corners of the watch part and hence electrodepo 
sition ‘at the corners is carried out to a lesser extent 
than at the remaining portions of the watch part. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
It is therefore a primary object of the present inven 

tion to provide a process of electroforming microparts 
which have a substantially hollow interior to lessen the 
weight of the part yet have sufficient strength and me 
chanical wearability to render them suitable for com 
mercial use. 

Another object of the present invention is to provide 
a process of electroforming microparts which may be 
commercially carried out on a mass production basis. 

A further object of the present invention is to provide 
a process of electroforming microparts wherein the 
amount of electrodeposition which does not actually 
constitute part of the ?nal product is held to a mini 
mum thereby increasing the efficiency of electrodepo 
sition. 

A still further object of the present invention is to 
provide a process of electroforming microparts which 
are substantially free of internal warping caused by 
compressive and tensile stresses developed during the 
electroforming process. 
The foregoing objects and other objects of the pres 

ent invention are accomplished by forming a mold cav 
ity having the shape of the desired microparts in a resin‘ 
plate, lining the mold cavity with an electrically con 
ductive lining, attaching a lead wire to the electrically 

' conductive lining, immersing the mold cavity into an 
electrolytic bath, supplying electric energy to the lead 
wire to electroform a micropart in the mold cavity hav 
ing the configuration of the mold cavity, and finally re 
moving the electroformed micropart from the mold 
cavity and finishing same by cutting'or grinding away 
any excess portions. 
Other objects as well as characteristic features and 

advantages of the present invention will become more 
apparent upon a reading of the following detailed de 
scription and appended claims when read in conjunc 
tion with'the accompanying drawings in which: 
FIGS. lA-IC are cross-sectional explanatory views 

showing the basic principles of the present invention; 

FIG. 2 is a graph showing the relationship between 
the thickness ratio of electrodeposition vs. both current 
density and the duration of electroforming; 

FIG. 3 is a perspective view showing the directions of 
electrodeposition growth; 

FIG. 4A is a plan view of a mold cavity used in the 
process of the present invention for electroforming a 
pallet fork and FIG. 4B is a cross-sectional view taken 
aiong the line 4B-4B in FIG. 4A; 

FIG. 5A is a plan view of a pallet fork made by the 
electro-forming process of the present invention and 
FIG. 5B is a cross-sectional view taken along the line 
5B--5B in FIG. 5A; 

FIG. 6A is a plan view of a plurality of mold cavities 
used for electroforming pallet forks in accordance with 
the present invention and FIG. 6B is a cross-sectional 
view taken along line 68-63 in FIG. 6A; 

FIG. 7 is an explanatory view of one technique for at 
taching lead wires to the mold cavities; and 

FIG. 8 is a plan view of a portion of an escape wheel 
madein accordance with the electroforming process of 
the present invention. 
The principles of the present invention will first be 

discussed in conjunction with FIGS. 1 and ‘2. FIGS. 1A, 
1B and 1C are cross-sectional views showing various 
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molds containing electroformed products for three dif 
ferent size products. 
The mold comprises a resin plate 1 having a mold 

cavity 2 formed therein having steep side walls termi— 
nating at their base in a bottom wall and having the 
shape and con?guration of the desired part or article. 
The mold cavity 2 is formed by casting a metal block 
into the con?guration of the desired part and then heat 
ing the metal casting and transferring same to the resin 
plate while in a hot state to impress in the resin plate 
a mold cavity having a shape complementary to that of 
the metal casting. In other words, the metal casting 
comprises a male member and forms in the resin plate 
a female member which exactly complements the male 
member. 
FIG. IA shows a mold cavity 2 having a dimension 

ratio h/d equal to the height of depth h of the cavity rel 
ative to the width (1' of the cavity of l:l. FIGS. 18 and 
1C show dimension ratios of 2:1 and 3:1, respectively. 

After the mold cavity 2 is imprinted in the resin plate, 
the entire inner surface of the mold cavity is coated 
with a layer 4 of silver or some other electrically con 
ductive material and this layer subsequently functions 
as a cathodic electrode during the electroforming pro 
cess. A lead wire 3 is attached to the base of the resin 
plate in electrical contact with the layer 4 and. thus the 
mold cavity is lined with an electrically conductive 
layer which may be connected through the lead wire 3 
to a source of electric power. 

The mold is then immersed in an appropriate electro 
lytic solution which contains dissolved salts of the 
metal to be deposited. The lead wire 3 is connected to 
the negative terminal of a dc voltage source thereby 
making the electrode 4 a cathode and a metal to be de 
posited onto the metallic layer 4 is inserted into the 
electrolytic solution and connected to the positive ter 
minal of the dc voltage source and made the anode. 
Since the anode and cathode are connected to respec 
tive terminals of the dc voltage source, metallic ions 
begin to migrate and deposit upon the cathode to elec~ 
troform a hollow micropart 9 having an outer configu 
ration corresponding to that of the mold cavity 2. 
Several experiments were conducted in accordance 

with the present invention and the results of these ex 
periments are graphically shown in FIG. 2. The experi 
ment comprised electroforming three different size 
parts having dimension ratios of l:l. 2:l and 3:1 such 
as shown in FIG. 1. The composition of the electrolytic 
solution was: 

Nickel sulphamate 250 g/litre 
Boronic acid 30 g/litre 
Nickel chloride 5 g/litre 
Sodium dodecyl sulfonute 2.5 g/litre 
Sodium l.3.b-naphthalene-trisuffonate 2.5 g/litre 

and the appropriate electroforming parameters were: 

temperature of solution 48°C 
current density (Aldmil L5 2. 3. 4. 5 
time of clectroforming (hrs) 6.7, 5. 3.3. 2.5. 2 

The results of the experiments are shown in FIG. 2 
which is a graph of the thickness ratio of the electrode 
posited material vs. the current density and the dura~ 
tion of the electroforming operation for each of the 
three dimension ratios. The thickness ratio is de?ned as 
the thickness of the electrodeposited material in the vi 
cinity of the bottom of the mold cavity to the thickness 
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4 
of the electrodeposited material on one side portion of 
the mold cavity 2. As can be seen from examining FIG. 
2, the thickness ratio of the electrodeposited material 
decreases both with increasing current densities and 
increasing durations of electroforming. 
When the current density is 5A/dm2, the electrode» 

position near the top opening of the mold cavity in 
creases while the quantity of material deposited on the 
side walls and bottom of the mold cavity remains quite 
thin. As may he clearly seen from examining FIG. 2, the 
thickness ratio of electrodeposition decreases with an 
increase in the dimension ratio and this is primarily be 
cause it is more difficult for the metallic ions in the 
electrolytic bath to move into the mold cavity as the 
cavity becomes thinner. In addition, as the mold cavity 
becomes thinner, greater amounts of excess material 9a 
is deposited and accummulated near the opening of the 
mold cavity thereby reducing the size of the opening 
and further hindering the influx of metallic ions to the 
remainder of the mold cavity. Thus, in order to obtain 
a uniform thickness of the electroformed parts, the cur~ 
rent density should preferably be less than SA/dm2 
when the dimension ratio is less than 1:1 and less than 
4A,!dm2 when the dimension ratio is 2:]. 
Upon completion of the electroforming operation, 

the resulting electroformed part 9 is removed from the 
mold cavity and is appropriately ?nished to obtain a 
workpiece having uniform thickness. As seen in FIGS. 
1A—lC, the part 9 is cut along the chain line to remove 
the useless excess portion 9a and then the part is 
ground or otherwise machined to uniformize the thick~ 
ness of the part. 

As seen in FIGS. lA-lC, the entire thickness of each 
part 9 except for the portions 9a is substantially uni 
form. Since the entire inner surface of the mold cavity 
2 is lined with an electrically conductive material. the 
electrodeposited material accummulates and grows 
upon the lining simultaneously in three directions such 
as shown by the arrows in FIG. 3. Since the electrode 
posited material is simultaneously deposited in three 
directions, internal stresses in the workpieces are 
greatly reduced since the stresses complement and off 
set one another and cancel each other out. (Some 
quently, the workpieces formed according to the pro 
cess of the present invention have a long useful life 
since they do not have areas of localized stress. 
Referring now to FIGS. 4 ~ 7, the process of the pres» 

ent invention will be described in conjunction with the 
forming of a pallet fork for a watch escapement mecha 
nism. First a metal casting is made having the configu 
ration of the pallet fork and the dimension ratio of the 
height of the pallet fork relative to its width in any 
cross-section thereof is preferably less than 3:1. The 
metal casting is then heated and impressed upon the 
surface of a resin plate I as shown in FIG. 4A to form 
in the resin plate a mold cavity 2 having the configura 
tion of the pallet fork. The resin plate is composed of 
thermal plastic resin such as vinylchloride resin, so 
called A, B, C resin, acrylic resin, polyvinyle acetate 
resin, polyethylene resin, polypropylene resin, etc. 
When the metal casting is transferred to the resin 

plate, a lead wire 3 is embedded in the resin plate be 
neath the mold cavity and exposed to the bottom of the 
mold cavity. Then a thin electric conductor is disposed 
around the entire interior of the mold cavity and in this 
example, the electric conductor comprises a silver 
coating. As seen in FIG. 4A, the conductor 4 com 
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pletely covers the exposed surfaces of the mold cavity 
and is in electrical contact with the lead wire 3. Those 
portions of the electric conductor 4 which extend away 
from the mold cavity opening are then removed by 
grinding or another suitable method in order to prevent 
the formation of excessively deposited material adja 
cent the mold cavity which would hinder the elec 
troformation of a uniform part. 
FIGS. 5A and 5B are respectively plan views and lon 

gitudinal cross-sectional views of a pallet fork made by 
the process of the present invention. As clearly seen in 
the Figures, the pallet fork 5 is provided with a substan 
tially hollow interior 6 which greatly reduces the mass 
of the pallet'fork and the pallet fork has a substantially 
uniform wall thickness and therefore does not have 
areas of localized stress which would decrease the 
strength of the pallet fork. 

In accordance with another aspect of the present in 
vention, a plurality ofmicroparts may be electroformed 
at the same time. Considering again the case where pal-' 
let forks are to be made, FIG. 6A discloses a type of 
resin plate 1' having thereon a plurality of mold cavities 
2' each ofwhich is similar to the individual mold cavity 
2 disclosed in FIG. 4A. The mold cavities 2' are alter 
nately inverted in order to minimize the space required 
and in this embodiment, the lead wire is formed by de 
positing a strip of electrically conductive material into 
a channel or groove formed in the resin plate 1' inter 
connecting the various mold cavities 2'. The channel is 
formed in a manner similar to the formation of the 
mold cavities 2' and then the channel is lined with a 
film of silver or other appropriate electrically conduc 
tive material. Alternatively, the plurality of mold cavi 
ties and the interconnecting channel may be simulta 
neously formed with a single metal casting. 
Another technique for attaching the lead wires to the 

mold cavities is shown in FIG. 7. A resin‘plate 1' has 
a plurality of mold cavities 2' formed therein each of 
which has a configuration of the desired pallet fork. For 
the sake of simplicity and clarity, the individual mold 
cavities 2' have been shown as circules rather than the 
more intricate pallet-shape. A screen 10 is then super 
posed over the resin plate 1’ and the screen 10 contains 
therein a plurality of slots 10a which are each located 
to overlie and interconnect one row of mold cavitiesZ' 
when the screen is superposed over the resin plate 1'. 
Then. an electrically conductive material is vacuum 
deposited through the slots 10a by vacuum-evaporation 
whereby the individual mold cavities 2' are electrically 
connected by thin electric leads or conductors 3'. After 
the pallet forks are formed by electroforming, the un 
necessary remaining portions of the electric conductors 
3' are ground away. 
A plurality of resin plates 1', such as shown in FIG. 

6A, were constructed and immersed into an electro 
lytic bath and the various lead wires connected in par 
allel to an electric voltage source and a plurality of pal 
let forks were produced in accordance with the afore 
mentioned process. The composition of the electrolytic 
bath was: - 

Nickel sulphamate 250 g/litre 
Boronic acid 30 g/litre 
Nickel chroride 5 g/litre 
Sodium dodecyl - sulfonate 2.5 g/litre 
Sodium l.3.6~naphthalene-trisuffonate 2.5 g/litre 

The Parameters of clectroforming were: 
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temperature of solution 45-50C. 
current density 2A/dm2 
time of electrodeposition 5 hrs. 

The average thickness of various portions of the pal 
let forks produced in accordance with the aforemen 
tioned process are shown in the following Table for the 
dimension ratios 1:], 2:1, and 3:1. 

TABLE I 

dimension ratio 1'1 2'1 3:l 
measuring point 

center of the bottom 57 u 39 u 21 u 
corner of the bottom 54 37 19 
center of the side 63 52 46 
top of the side 80 82 82 

Upon completion of the electroforming operation, 
the individual pallet forks were removed from the resin 
plates and the electroformed pallet forks were then fin 
ished by cutting off the useless upper portions 9a and 
then the pallet forks were ground into a uniform thick 
ness. The resulting pallet forks 5 had the configuration 
shown in FIGS. 5A and 5B. 
The pallet forks constructed in accordance with the 

process of the present invention have commercially ac 
ceptable mechanical strength yet have a light weight 
due to the hollow interior 6 and compare quite favor 
ably with pallet forks formed by the conventional press 
ing technique. During use of the pallet fork in an es 
capement mechanism, the arcuate tip. portion 5a coop 
erates with a pallet jewel and the mechanical strength 
of the part 50 compares with the mechanical strength 
of corresponding parts of conventional pallet forks as 
follows: 

Nickel~silver pallet fork 225g 
Steel pallet fork 532g 
Electroformed pallet fork .342g 

Thus itvmay be seen that the steel pallet fork has the 
greatest strength and the electroformed pallet fork con 
structed in accordance with the process of the present 
invention has a lower strength than the steel pallet fork 
but is much superior in strength than the nickel-silver 
pallet fork. As a practical matter, the electroformed 
pallet fork has sufficient strength to enable its use in 
watches. 
The process of the present invention is applicable for 

other components as well as pallet forks and FIG. 8 dis 
closes a portion of an electroformed escape wheel man 
ufactured in accordance with the present invention. As 
seen in FIG. 8, the escape wheel 8 has a hollow interior 
7 and is formed by ?rst constructing ametal casting 
having the configuration of the escape wheel and then 
the metal casting is transferred while in a hot state to 
a resin plate to form a mold cavity in the resin plate 
corresponding to the shape of the metal casting. Then 
a thin electric conductor is formed on the interior sur 
face of the mold cavity and then the escape wheel is 
electroformed in a manner similar to that used in elec 
troforming the pallet forks. 
Through the process of the invention has been de 

scribed in' conjunction with the formation of watch 
parts, the process of the invention is not limited to the 
formation of watch parts and is applicable to the form a 
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tion of any other microparts. Moreover, though the 
electrolytic solution has been described as comprising 
a nickel-bath, it is understood that other metal baths 
may be used depending upon the desired composition 
of the electroformed article. 
While a preferred embodiment of the invention has 

been shown and described in detail, it is understood 
that many modifications and changes will be readily ap 
parent to those skilled in the art and the present inven 
tion includes all such obvious modifications and 
changes falling within the spirit and scope of the inven 
tion as defined in the appended claims. 
What l claim is: 
l. A process for electroforming articles such as watch 

pallet forks and the like having hollow deep-bottomed 
interiors comprising: forming in a plate of electrically 
nonconductive material a plurality of mold cavities 
each having steep side walls terminating at their base 
in a bottom wall and having a depth to width ratio no 
greater than 3:] and having a con?guration comple 
mentary to that of the exterior of an article to be 
formed; lining each said mold cavity with a layer of 
electrically conductive material while leaving the inter 
vening spaces which remain on the plate between the 
cavities free of electrically conductive material; electri 
cally connecting together each layer of electrically con 
ductive material with a common lead wire which com 
prises a first electrode; then immersing the plate in an 
electrolytic solution containing dissolved salts of the 
metal to be deposited; placing a second electrode in 
said electrolytic solution; and applying dc electrical en 
ergy to said first and second electrodes to obtain a cur 
rent density less than SA/dm2 for a time period suffi 
cient to effect substantially uniform electrodeposition 
of metallic ions from within said electrolytic solution 
onto each said layer of electrically conductive material 
to electroforrn thereon a hollow article having steep 
side walls terminating at their base in a bottom wall and 
having a substantially hollow interior and an external 
configuration complementary to that of its correspond 
ing mold cavity. 

2. A process according to claim 1; wherein said form 
ing step comprises producing a plurality of metal cast 
ings each having a configuration similar to that of one 
article to be formed, and impressing said metal castings 
while in a heated state onto said plate to form therein 
said mold cavities. 

3. A process according to claim 1 wherein said form~ 
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8 
ing step includes forming a plurality of mold cavities 
each having a depth to width ratio of 2:1; and wherein 
said applying step includes applying sufficient dc elec 
trical energy to said first and second electrodes to ob 
tain a current density no greater than 4 A/dm2. 

4. A process according to claim 1 including attaching 
said common lead wire to said plate and exposed to the 
interior of each said mold cavity during the formation 
of said mold cavities. 

5. A process according to claim 1 wherein said im» 
mersing step comprises immersing said plate in an elec 
trolytic solution composed of 

Nickel sulphamate 250 g/litre 
Boronic acid 30 g/litre 
Nickel chroride 5 gilitre 
Sodium dodecyl-sulfonate 2.5 g/litre 
Sodium Lib-naphthalene 
trisuffonate 2.5 g/litre 

and maintained at a temperature of from 45° to 50° C. 

6. A process according to claim 1; including simulta 
neously using a plurality of plates each containing 
therein a plurality of mold cavities. 

7. A process according to claim I; wherein said elec 
trically connecting together step comprises superpos 
ing a cover member having a plurality of slots therein 
over said plate so that said slots collectively overlie and 
interconnect all of said mold cavities. and depositing on 
said plate through said slots an electrically conductive 
material comprising said common lead wire. 

8‘ A process according to claim 7; wherein said de 
positing step comprises vacuum-evaporating said elec 
trically conductive material onto said plate. 

9. A process according to claim 1; including attach 
ing said common lead wire to said plate such that said 
lead wire extends along each mold cavity bottom wall 
and is exposed to the interior of said mold cavity; and 
wherein said lining step comprises lining each mold 
cavity and the exposed portion of said lead wire with a 
layer of electrically conductive material. 

10. A process according to claim 1; wherein said ap 
plying step is carried out while said lined plate is im 
mersed directly in said electrolytic solution without 
containing thereon any additional means for directing 
and guiding the metallic ions into said mold cavities. 

* =0‘ * * * 


