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Free brackets used in sections susceptible to salt damage need 
to be replaced before reaching their expected service life due to 
severe corrosion, and thus development of highly corrosion-
resistant free brackets is demanded.  Possible measures to improve 
corrosion prevention performance include replacing the material 
of free brackets with a material having higher corrosion prevention 
performance such as weather-resistant steel and stainless steel or 
applying double rust prevention where zinc hot dip galvanized 
steel is further coated.  In the previous development of beams 
for sections susceptible to salt damage, we compared and verified 
those measures and attained the conclusion that the best measure 
is double rust prevention coating with saturated polyester powder 
(so-called Terry powder coating).1)  Based on that conclusion, we 
decided to develop a free bracket and a stem insulator coated 
with saturated polyester powder for sections susceptible to salt 
damage.

As a free bracket has a structure with differing bolt holes in 
steel pipes as shown in Fig. 1, corrosion progresses inside of the pipes 
too.  Ensuring that the interior of the pipes is coated with the 
powder is thus necessary.  There were, however, few examples 
of powder coating of the interior of such pipes of a small outer 
diameter of 60.5 mm and of an intricate structure.  We thus 
needed to examine and identify the appropriate structure and the 
appropriate coating thickness.  For stem insulators, there were 
no examples of powder coating of fixtures for those either, so we 
needed to examine the area to be coated and confirm mechanical 
strength.

In this research, we made prototypes to check whether those 
requirements could be met and carried out salt water spray tests 
of the prototypes to verify corrosion resistance of those.

Introduction1

Saturated Polyester Powder Coating2
Saturated polyester powder coating is powder coating made of 
saturated polyester resin that is transformed and given strong 
self-adhesiveness.  Its features include excellent adhesiveness to 
metal and good weather resistance (the weak point of usual resin 
coating).  On the other hand, it needs heat treatment of materials 
at 300 ºC or higher at processing, requiring a large furnaces and 
making on-site processing difficult.

There are two methods of saturated polyester powder coating: 
an electrostatic thermal spray method where heated materials are 
sprayed with powder using an air gun and a flow dip method 
where heated materials are dipped in a tub of flowing powder.  
In the electrostatic thermal spray method, it is difficult to spray 
inside a steel pipe of small diameter like a free bracket with 
powder, while large-size items can be coated.  Conversely, the 
flow dip method befits coating inside of a pipe, while the largest 
length of the material to be coated depends on the size of the dip 
tub.  We therefore decided to apply the flow dip coating method 
in this development.  Fig. 2 is the work flow in that method.
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Free brackets used in sections susceptible to salt damage need to be replaced before reaching their expected service life due to 
severe corrosion, and thus development of highly corrosion-resistant free brackets is demanded.  We have therefore developed a 
free bracket and stem insulator coated with saturated polyester powder for those sections.  That saturated polyester powder has a 
proven track record in beams for sections susceptible to salt damage.

As corrosion progresses even inside of the steel pipes of a free bracket, we examined and test produced a structure where the 
inside of the pipe also can be coated with the powder, and we confirmed that sufficient interior coating thickness was achieved with 
that structure.  For the stem insulator too, we examined the fixture to be coated and confirmed using a prototype that the required 
mechanical strength was met.

The results of salt water spray tests on the prototypes showed that no rust developed in conditions that simulated 30 years of 
exposure.
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Fig. 1  Ordinary Free Bracket
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contact line to be supported) of larger than 3 m cannot be 
coated.  In such a case, it is necessary to provide both upper and 
lower main components with a flange type joint or to set up a 
support frame between the pole and the stem insulator so as to 
secure the required M gauge.

3.2 Production and Evaluation of Prototype
We checked the pipe interior coating of the designed bracket 
prototype coated with powder.  Fig. 4 is cross-sectional photos 
of the bracket.  Sufficient coating was found to have formed 
even inside of the pipes.  Measurement using an electromagnetic 
film thickness meter proved that every internal and external 
measurement point had coating of at least the target 250 μm 
thickness.

Test Production of a Stem Insulator for 
Sections Susceptible to Salt Damage4

4.1 Design and Examination
A stem insulator consists of a porcelain part that secures electric 
insulation and a fixture to connect to other fixtures, with the 
porcelain part and fixture bonded with cement.  The whole 
surface of the fixture is galvanized, and the adhesion surface to 
the porcelain part inside of the fixture is coated with special paint 
that strengthens adhesiveness to cement.  With this structure, 
the fixture interior is not exposed to outer air.  In the light of 
that, we decided to apply powder coating only outside of the 
fixture by the electrostatic thermal spray method, masking the 
inside of the fixture.  However, in order to prevent corrosion on 
the interface between the cement adhesion part and the exposed 
area of the fixture, we powder coated the interior area to 2.5 mm 
from the interface, preventing exposure of the fixture that only 
has galvanization.

4.2 Production and Evaluation of Prototype
We produced a prototype stem insulator and checked its coating 
thickness and mechanical strength.  We were concerned about 
degradation of adhesion by coating the fixture interior with 
powder, but tests according to JIS C 3801 “Testing method for 
insulators” shown in Table 1 confirmed that the prototype had 
performance equal to that of ordinary stem insulators.  Fig. 5 
shows the prototype stem insulator.

Test Production of a Free Bracket for 
Sections Susceptible to Salt Damage3

3.1 Design and Examination
In powder coating, unlike with zinc hot dip galvanizing that uses 
liquid, powder is made to flow by air to adhere to an object.  
Therefore, air flow is blocked in a structure where pipes are  
butt-welded like the free bracket shown in Fig. 1, and thus it is 
difficult to completely coat the interior of the pipes despite there 
being a small plating solution drainage hole at the joint.  We 
thus, for the purpose of simplifying the inner shape, welded a 
metal eye strap for bolting at the end of steel pipes to connect 
pipes using bolts.  At the pipe end where there is a cap, we made 
an air vent hole to minimize blocking of air flow.  Fig. 3 is a 
drawing of the designed bracket.

Due to the limitation by the size of the flow dip tub, 
components for M gauge (distance from the pole to the overhead 

①Sample a�er heat treatment

③Heating remaining powder

②Dipping in a dip tub

④Cooling in a water tub

⑤Coated sample
(a) End of bracket (b) Joint of stem insulator

Fig. 3  Diagram of Prototype Free Bracket

Fig. 4  Cross-sectional Photos

Fig. 2  Flow Dip Powder Coating
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Salt Water Spray Test for Prototypes5
5.1 Salt Water Spray Testing Method
In order to assess corrosion resistance of the designed free bracket 
for sections susceptible to salt damage, we carried out accelerated 
corrosion tests under the conditions shown in Table 2 using a salt 
water spray machine of the Technical Center.

In the development of the beams for sections susceptible to 
salt damage, we applied double rust prevention where powder 
coating was added to galvanization.  However, powder coating 
possibly alone has sufficient rust prevention performance even 
without galvanization because powder coating has very high 
adhesiveness to metal.  We thus prepared three types of sample 
free brackets: a bracket only with ordinary galvanization, a 
bracket with double rust prevention of powder coating and 
galvanization, and a bracket with powder coating alone for cost 
reduction.  Table 3 is the list of the samples.  The “attached 
fixture” shown in the list is a 100 mm-long pipe to simulate 
a stem insulator connected to a free bracket.  It had the same 
structure as that of the insulator joint of the bracket.  To simulate 
a flaw on coating, we made a crosscut reaching the steel part on 
each sample.  Fig. 6 shows installation of the samples.

From the past findings, it was known that test time of 
270 cycles under the testing condition this time is equivalent to 
30-year aging in sections susceptible to severe salt damage.1)

5.2 Salt Water Spray Test Results
Fig. 7 shows the appearance of the sample with galvanization alone 
and Fig. 8 the sample with powder coating and galvanization, 
both after a test time equivalent to 30 years.  The sample with 
powder coating and galvanization kept the same appearance 
as that at the start of the test, with no rust found even at the 
equivalent to 30-year aging, while almost the whole surface of 
the sample with galvanization alone was covered with rust.  On 
the sample with double rust prevention, we found no rust even 
at the crosscut as shown in Fig. 9.  The white part in Fig. 9 is 
adhered salt, not rust.

Table 1  Testing Methods and Test Results for Stem Insulator Table 2  Salt Water Spray Testing Conditions

Test item Testing method Judgment criteria Test results

Appearance Item 6 of JIS C 3801-1 
According to JIS C 3802 
“Permissible limits of 
visual defects for insulating 
porcelains”

No defects 

Structure Item 5 of JIS C 3801-1 Of dimensions specified
in drawings As specified in drawings

Cooling and 
heating

Item 10 of JIS C 3801-1 
(70 ºC temperature 
difference, 15-minute 
cooling/heating, repeated 
three times)

No defects on insulator No defects 

Tensile load 
bearing Item 8.1.1 of JIS C 3801-1 Tensile load bearing: 23 kN

Sample No. 1: 
Withstood with no defects
Sample No. 2: 
Withstood with no defects
Sample No. 3: 
Withstood with no defects

Flexural load 
bearing Item 8.2.2 of JIS C 3801-1 Flexural load bearing: 2.3 kN 

or more

Sample No. 1: 
Porcelain broken at 4.37 kN
Sample No. 2: 
Porcelain broken at 4.26 kN
Sample No. 3: 
Porcelain broken at 4.08 kN

Moisture 
absorption

Item 11 of JIS C 3801-1
(9.8 MPa, four-hour 
pressing)

No impregnation inside 
porcelain No impregnation

Table 3  Samples for Salt Water Spray Test

No. Sample type Coating Coating of attached fixture

1 Free bracket Galvanization

2 Free bracket Powder coating + galvanization

3 Free bracket Powder coating

4 Stem insulator Galvanization Galvanization

5 Stem insulator Powder coating + galvanization Powder coating + galvanization

6 Stem insulator Powder coating + galvanization Powder coating

Applicable standard JIS Z 2371 “Methods of salt spray testing”

Test cycle (1 cycle) 2 hours spraying, 4 hours drying, 2 hours in humidity 
test cabinet

Test duration 270 cycles (2,160 hours)

Salt water concentration 5%

Fig. 6  Installed Samples

Fig. 7  Sample with Galvanization Only

Fig. 8  Sample with Powder Coating and Galvanization

Fig. 5  Prototype Stem Insulator
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The sample with powder coating alone, with galvanization 
omitted, generally kept the same appearance as at the start of 
the test, however, some rust developed at the ends of the sample 
as shown in Fig. 10.  That is because pinholes and the like could 
easily occur on the coating at the ends.  On the other hand, no 
rust was found at the part under the same conditions in the 
sample for powder coating and galvanization.  We think that 
rust prevention performance of galvanization prevented rust 
development, even when pinholes and the like occurred.

Based on those results, we believe that double rust prevention 
with powder coating and galvanization was appropriate to rust 
prevention for free brackets in sections susceptible to salt damage.

We found no rust development on stem insulator samples, 
either.

Current Status of Field Tests6
As corrosion resistance of the prototypes in the laboratory was 
proved, we are now conducting field tests between the yard of 
Yoneyama Station and a point between Kasashima and Omigawa 
since June 2011 for the purpose of verifying performance of the 
prototypes under the actual usage conditions.  Fig. 11 and 12 
shows the prototypes installed on the main track.

On the occasion of the field test, we ceased bolting upper 
and lower main pipes and a diagonal support in order to further 
simplify the inner structure of the bracket.  We switched to a 
structure where the pipes are positioned in parallel and welded to 
each other on the side surface.

Conclusion7
The results of the research are as follows.
(1)  We developed a free bracket of a structure where the interior 

of the steel pipes can be coated too, and we confirmed that 
coating of sufficient thickness was formed on both the interior 
and exterior of the pipes with that structure.

(2)  We test-produced a stem insulator with its fixture coated with 
powder, and we confirmed that it had performance equal to 
that of usual stem insulators.

(3)  The results of salt water spray tests of the prototypes clarified 
that no rust developed on the samples with double rust 
prevention of powder coating and galvanization even at the 
equivalent to 30-year aging, thus proving high corrosion 
resistance.
Based on the field test results, we will further improve the 

structure as needed.
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Rust developed at the ends

Fig. 12  Prototype in Field Test (Tunnel Section)

Fig. 11  Prototype in Field Test (Open Section)

Fig. 10  Sample with Powder Coating Only

Fig. 9  Crosscut Part with Powder Coating and Galvanization


