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Abstract

Electroforming is a way of manufacturing components by electrodeposition, in
which extremely minute metal ions are reduced and electrocrystallized as
electroforming deposit on a cathode surface. It has many advantages, such as high
fidelity of shape reproduction, high repetitive forming accuracy, controllable material
property, etc. Now it has been successfully employed in the areas of aerospace,
weapon, electronics and otherwise. However, in traditional electroforming process
there are still some disadvantages that are difficult to overcome, such as pinholes, pits,
nodules and other defects, coarse grain, long production cycle, and so on. These
disadvantages can deteriorate the properties of electroformed part, decrease the
productivity, and even lead to waste products. As a result, the development of
electroforming is seriously restricted.

In this dissertation, a new electroforming technology, namely Abrasive-assisted
Precision Electroforming (APEF), has been developed. In this new technology,
non-conducting free abrasive particles are forced to polish the cathode surface while
electrodepositing. The particle polishing can help to improve the quality of deposits
and increase electroforming rate. The mechanism of APEF has been researched
theoretically and experimentally. The research is focused on the influence mechanism
of particle polishing on the deposit’s surface, microstructure, properties and
electroforming rate. An APEF machine has been developed, and the applications of
APEF have been researched. The main conclusions in this dissertation include:

1. During APEF process, the polishing with particles can effectively remove the
surface nodules by micro grinding, increase the surface smoothness and brightness.
Simultaneously, the polishing can remove the adhered bubbles, reduce the volume of
evoluted hydrogen, and eliminate the pinholes and pits caused by hydrogen evolution.
The experimental results showed that APEF could observably improve the surface
quality, reduce the degree of roughness, and produce a compact, smooth and bright
nickel deposit with surface roughness of less than Ra 0.02 um.

2. The polishing with particles can refine grains by increasing the cathodic
polarization and change the structure of deposits by affecting the growth of crystallites.
It was found that the microstructure of nickel and copper deposits produced by APEF

significantly changed in contrast with the traditional electroforming technology. For

I
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the nickel deposit, each diffraction peak’ intensity reduced distinctly, the preferred
orientation degree changed evidently, and the grains were substantially refined.
Nanocrystalline nickel with grain size of less than 80nm was achieved.

3. Comparing with the deposits produced by traditional electroforming technology,
the deposits produced by APEF exhibited better properties. For the nickel deposit,
microhardness increased 90% and tensile strength increased 130%. The copper deposit
also represented higher microhardness and better corrosion resistance.

4. The free particles that touch tightly the cathode surface move with random
directions, and substantially diminish the thickness of diffusion layer, which will lead
to the increase of the limiting current density and electroforming rate. For nickel
electroforming, the current density used in APEF was at least one time higher than that
one of traditional method, and the electroforming rate increased significantly.

5. A new precision electroforming machine was developed. A double vertical
column IT style-C style hybrid structure was chosen as the main mechanical structure.
A cathode movement device and a deposition unit were designed to guarantee the
implement of APEF technology. A unique anode unit was built, which profile was
optimized by using Finite Element Method (FEM), to effectively uniform the
distribution of current density on cathode surface and improve the quality of deposits.

6. Based on the requirments for development of liquid propellant rocket engine
and shaped charge warhead, the manufacturing technique of their key parts was
researched.

(1) Samples of rocket engine thrust chamber with cooling channels was
successfully manufactured by APEF. The thick nickel outer wall of the samples was
electroformed without interruption. The wall surface was smooth, mirror-like and the
wall thickness presented excellent uniformity. The electroforming cycle was
significantly shortened.

(2) A nickel shaped charge liner and a copper one was electroformed by APEF.
The results of performance tests showed that the nickel liner manufactured by APEF
appeared more excellent penetration performance than the copper one in the weapons
equipped for the military in our country. The results of penetration tests showed that
the penetration performance of the copper liner manufactured by APEF was better than

the one manufactured by spin forming.

Keywords: Precision electroforming, Free particle, Micro grinding, Polishing,
Electroforming machine, Application
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