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strand” disclosed in Japanese Patent 3654889. In this technique, a PC
strand forned after plating of its elenmental wires is untw sted, and
aresinfilmis formed on the whol e outer peripheral surfaces of the
core wire and the surrounding wres, ECh are then twi sted again
after cooling the resin film Citation fist Patent Literature

[ 0008] PTL1: Patent 2691113 PTL2: Patent- 3172486 PTL3: Patent 3654889
[ 0009] Thofdighktrangde first conventional techni que form ng a rust proof

re5| @8555 I m 200r,50 5 Fémie IR cfeKsth ausehsﬁﬂkr%%s ﬁ lhﬁtfsh)é”?rg:ﬁeérq%ﬁy{)n ﬁ)z'ré%garch

t he process ne spee he re
t h| cknes sﬁndtmgg espog treah thickedssudf 200 5 SA1um for powdler @poxyl rasin eaatinggysufivently satisfy

process | .

Phi oknessonRppRRauRaRe il HelndaReroBhris Pl T Bed detParBltnSiy spse o
p{ odu;:t i vamyre{eOﬁihéildm) tﬂﬁa@eﬂmemmm&)immﬁhe Beﬁmlwml Gﬂﬂlfntmsiraﬁori (EyiRvA, US)
structure i or e ra erial-containin

prot ect i V&P ?’Tf}‘ﬂﬁﬂaﬁmpf %éed ﬁ@tﬁ%ﬁs 'g??‘?#?ﬁjﬁé@“@n the PC st rang in

or dejoodsp pr evemiotiibaRmgen donvdrifienal tesiriijueds "Mettham forferehirfgd dcmbmﬁlmibﬁptatrand"
et g Bl RoE SRl e s DSy o AP v ar
f1 exi bi | iypb@A Uﬁﬁ&téaffrdrms caeuﬁ«bnﬁ@éhueh@g ahd Qdmérbéflﬁfm/rs fbriHed h thewhole

third conventional techni due i nvol ves a rustproofing t%rocess t hat

forms a dBIAIPETRMERAMUTBGESATEG GREP WRRNddlg WWOPFCFWQ wipasiine Then,
excel s i g WstdhaRg Wies afchiste8 HaBk GHR éc%%hlé% B HYing thePdkcB& é:dfe wge

stage of PC strand production. This i1s problematic because the

menber s rieedfing dropethe disarased Higmetesr dupraledtivedi ri'a‘omeraaipnme@ qvardhe rus;mﬂ fim.
menbers. \RHLd ?%fabp rﬁﬁniﬁjﬁed]ﬂgxl H‘P‘Hcﬁr?es% IE'JF gr‘nt \ sprle&.}n‘ea%rﬁﬁé}oof film
ornm ng

and has a restric rocess ne spee he'resin
as i n theubjeptde pgf@nuaédamagﬁan soleelamcuahetmcmm adﬂuglelflgawortned;ipg@rrnmgathlck

producti e

Control . s Mt ot B AR P T e BT b ol foreqoipg st
r el at i onsiongertiertakieemiqueat i ng | i ne speed and coating resin powder for
efficient formpation,of a nore,de | [

o ol i 1 o RIoIHRE Kfu PRUEGHTER IecA s, AR Br G Eproof im on P
[ 0013] Ac catrand"ndciosed hedapanea'et Patenti 365488% nitethist tecteidueca 10 Etyarkiommaal after
uniform a Ia(%ngI 8fs rEsr l?r|1e(:f31tafl \Imres is ur?wsted and a resin film is formed on the whole outer peripheral

surfaces of the core wire and the surrounding wires, which are then twisted again after cooling the

resin film.
Citation List
Patent Literature
[0008] PTL1: Patent 2691113
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[0009] Though the first conventional technique forming a rustproof resin film 200 + 50 um thick is
praised as the ultimate rustproofing method, the process line speed used to form the resin fim in
this thickness range is only about 4.5 m/min or less. Increasing the process [ine speed above
this range fails to provide an intended thickness. Attempts to provide an intended thickness
result in poor productivity.
[0010] in the second conventional technique, a bilayer structure is formed by forming a granular
material-containing protective flm on the rustproof film formed on the PC strand, in order to
prevent damage to the rustproof film used for some special structure and subject to extemal force



has i nproved tensile fatigue characteristics, and can be forned at

hi gh fine speed to inprove productivity and | ower costs, w thout

|l osing the flexibility required of the PC strand, and the adhesion
strength for concrete. Solution to ProbLem [0014] According to the
present invention, there is provided a hethod for form ng a rust proof
filmon a PC strand, the method including: an untw sting step of
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provi de arodiictiditness set for the resin film [0015]1n the nethod for
formng a rustproof filmon a PC strand according to the present
invention, it is preferable that the thickness set for the resin film
be 100 tcsm&marquﬁﬁEe‘IiitlénPC strand according to the present invention
i ncl udes r#Stg',fQ ilmformed by using the method for formng a
rust pr oof FEMUEATTR strand. Advant ageous Effects of Invention
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t he pre- ??"%bst’@ %\lh fqr genorele post-heating. Further, the applied
synthetic resin powder coating material has an average grain size of
40 to 50 and a relatively high line speed of 5 to 10 mnin is
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of twisting the surrounding wires Yo restore the onglnal state with the core wire. The heating step
includes pre-heating and post-heating performed before and after the coating step of applying the
synthetic resin powder coating material, and the heating temperature in the pre-heating is set 30
to 130°C higher than the heating temperature in the post-heating. The synthetic resin powder

coating material has an average grain size of 40 to 50 um and the series of process lines has a



FIG7 is a cross sectional view of a PC strand with the surroundi ng
wires twisted back to the original state with the core wire after the
coating step of the enbodi nent. Description of Enbodi nents [0019] The
present invention is described bel ow i n4det ail based on an enbodi nment
with reference to the acconpanying drawm'ngs. FIG 1 is a schematic
diagramrepresenting a process line for the nethod for formng a
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end for the rustproof filmform ng process. [0021]As illustrated in

FIG 1, a ad@vantabebis Effeatofinvéntisii on a nmount 2 provided at the
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Description of Embodiments
[0019] The present invention is described below in detal based on an embodiment with

reference to the accompanying drawings. FIG. 1 is a schematic diagram representing a process
line for the method for forming a rustproof film on a PC strand according to the present invention.



6 [0026] The spread maintaining units 4a to 4d are configured in
substantially the sane manner as the untw ster 3 but with a slightly
| arger dianmeter. The spread maintaining units 4a to 41 maintain the
spread state of the untwi sted PC strandsl, and include a rotating
ring 28 rotatably provided via bearings™27. The rotating ring 28

includes a core wire hole 29 fornmed at the central portion and
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of the PC strand 1 twi sted back to the original state is as shown in
FIG7. The resin film26 of uniformthickness is formed over the

whol e peri pheral surfaces of the core wire |la and the surroundi ng
wires Ib. [0034] The PC strand 1 twi stedgback to the original state
after the formation of the resin filng is tested for the resin film
26. First, a thickness neasurenent device 13 neasures the thickness
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[0032] The cooler 10 may cool the resin film 26 by showering cold water over a certain range.

Preferably, the resin film 26 is cooled in two steps.  Specifically, the first cooling and the second
cooling are performed back o back, whereby the film surface in the first cooling is gradually
cooled with, for example, air-cooling means that blows cool air to the resin fim 26, followed by
rapid cooling with a shower of cold water. In this way, the surface of the resin fim 26 can be
smoothed substantially uniformily.

[0033] The thickness of the resin film 26 formed in the coating step B is, for example, about 100
to 280 um. After the resin film 26 is formed in the coating step B, a twister 11 twists the
surrounding wires 1b back to the original state with the core wire 1a. The twister 11 is the same
unit used for the untwister 3 shown in FIG 3, except that the lead-in and lead-out side of the PC
strand 1 are on the opposite sides, as illustrated in FIG. 1. Because the configuration is
essentially the same, the configuration of the twister 11 will not be described further, and should
be understood essentially by refeming to FIG 3. Because the surrounding wires 1b remain
twisting habit even after the formation of the resin film 26, the twister 11 can quickly twist the

surrounding wires 1b back to the original state with the core wire 1a.  The cross sectional shape
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of the PC sfrand 1 twisted back to the original state is as shown in FIG 7. The resin film 26 of
uniform thickness is formed over the whole peripheral surfaces of the core wire 1a and the
surrounding wires 1b.

The PC strand 1 twisted back to the original state after the formation of the resin film 26 is
tested for the resin flm 26.  First, a thickness measurement device 13 measures the thickness of
the resin film 26. When the thickness does not fall in the preset acceptable range, an alam is
set off, and a signal indicative of an insufficient or excessive thickness is sent out. Further, a
pinhole detector 14 inspects the state of the resin film 26, The test uses a non-contact type
detector, for example, such as optical detecting means, to prevent damage to the resin film 26,
and, if a pinhole is detected in the resin film 26, the detected position is marked, and an alert
signal is sent out.

The PC strand 1 so tested is drawn with a drawer 15, and subjected to reeling step C with
a reeler 16 disposed at the terminating end of the process line. In the final reeling step C, the
coated PC strand 1 is reeled into a coil. The drawer 15 is structured to include upper and lower
endless rubber belts, which hold and carry the PC strand in between. The resin film 26 is thus
not damaged by the drawer 15. The drawer 15 also serves to set a process line speed with the
structure that enables the line speed to be freely changed with the use of an inverter motor.
Provided that conditions such as the pre-heating temperature conditions, and the ejection
amounts of the resin coating material are constant, varying the line speed varies the thickness of
the film formed on the elemental wires.  Thus, a film of any thickness can be formed by selecting
a line speed.

The continuous operation of the process line is stopped when the PC strand 1 set on the
mount 2 has run out. The film formation in the process line is then suspended, and a new PC
strand is set on the mount 2. The operation resumes after the rear end of the processed PC
strand 1 is welded to the leading end of the newly set PC strand 1.

The PC sfrand 1 fomed with the resin film 26 has the resin flm 26 independently or
separately formed on each surface of the core wire 1a and the surrounding wires 1b respectively.
Thus, the required flexibility for this type of PC strand remains intact, and the corrosion resistance
and tensile fatigue resistance can be improved.

A PC strand with a desirable resin flm can be obtained with improved production
efficiency according to the method for forming rustproof film on PC strand of the invention under
certain conditions conceming the process line speed, the coating material grain size, and the
heating temperature, as follows.

The appropriate line speed is 5 to 10 m/min. A line speed below 5 m/min is
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disadvantageous from the economical standpoint, because it cannot be expected to improve
praductivity and raises cost. With a line speed above 10 mymin, the core wire 1a and the
surrounding wires 1b are twisted back to the original state before the applied coating material
sufiiciently cures. This may cause the resin film (coating film), independently formed for the core
wire 1a and each surrounding wire 1b, to adhere mutually, or may cause partial deformation in
each resin film by the pressure of the twisting fo restore the original state. These are problematic
because the wires lose not only uniformity but also the required flexibility. The most preferable
line speed is 7 to 8 m/min; however, the lower limit and upper limit can extend to 5 m/imin and 10
m/min, respectively.

The time for curing the coating material adhered on the core wire 1a and the surrounding
wires 1b in the process line can be increased by setting a longer distance for the heating of the
coated core wire 1a and surrounding wires 1b in the spread state. However, because the
coating process is performed in the spread state with each surrounding wire 1b maintaining its
twisting habit for the core wire 1a, the distance for maintaining the spread state, specffically, the
focus distance for twisting the wires back to the original state is set within a certain range.
Increasing the distance above this range may fail fo maintain such twisting habit in the
surrounding wires 1b. Further, increasing the spread distance of the coated core wire 1a and
surrounding wires 1b may cause a slack in the elemental wires (core wire or surrounding wires).
Such slacks cause production problems, for example, by causing the wires to contact the
equipment as the wires rotate during their movement in the process line, or by causing the
elemental wires to contact with each other. Thus, in practice, the distance for maintaining the
spread state cannot be increased above the set range.

The coating material is a heatcurable epoxy resin. As to the powder grain size,
materials having an average grain size of 40 to 50 um are used. Most preferably, the coating
material includes substantially uniformly distributed grains with an average grain size of 45 ym, a
minimum grain size of 10 pm, and a maximum grain size of 100 um. Smaller grain sizes
produce a film that is thin and excels in uniformity, whereas larger grain sizes produce a thick film.
It should be noted, however, that the excess coating material in the coating step is sorted info a
dust collection and disposal step and a recycle step. When the coating material contains only
grains with a grain size of 10 um or less, many grains are sucked into the dust collector, and
disposed without being reused, wasting the material. On the other hand, when all the grains in
the coating material exceed 100 um in grain size, only a few grains are sucked into the dust
collector, and as such the loss is small. However, in this case, foaming occurs between the
elemental wires and the film, and pinholes are likely to occur in the film. Further, the fim
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becomes nonuniform and shows a rough surface texture after the coating process, making it
difficult to perform desirable quality control for the product. Accordingly, coating materials
containing substantially uniformly distributed grains with an average grain size of 45+ 5 um over a
grain size range of 10 fo 100 um are preferable.

The heating temperature of the elemental wires by the pre-heater 7a ranges from 150 to
250°C. The heafing temperature by the postheater 7b ranges from 120 fo 220°C. The
pre-heating temperature is made higher than the post-heating temperature by 30 to 130°C.
Specifically, the electrostatic powder coating is performed with the pre-heating performed at a
temperature 30 to 130°C higher than the post-heating temperature in the foregoing temperature
range. In this way, the coating material deposited on the elemental wires quickly melts into a
uniform thickness, and the subsequent post-heating further promotes a curing reaction without

causing heat denaturation in the resin.

Example

In this Example, rustproof films were formed on PC strands in the foregoing ranges of
conditions. The coatings were performed by using the same coating materials and setting the
pre-heating temperature and the post-heating temperature to 200°C and 140°C, respectively, but
varying process line speeds to obtain PC strands with rustproof films having thickness of 60 um,
70 um, 80 pum, 80 um, 100 um, 110 pm, 120 pm, 130 pm, 150 pm, 180 um, and 220 um,
respectively. By the way, the 150-um thick film was obtained at the line speed of 7 m/min. The
line speed was increased in 1 m/min increments, and the 110-um thick film was obtained at the
line speed of 10 m/min. Conversely, the line speed was decreased in 0.5 m/min decrements,
and the 220-um thick film was obtained at the line speed of 6 m/min. Note that, given the same
line speed, increasing the gjected amount of the resin coating material by raising the pre-heating
temperature inevitably produces a thicker film.

The PC sfrands obtained as above were subjected to a sali spray fest, which was
performed for 1,000 hours with a salt spray tester according to the JIS 72371 "salt spray testing

method" (spray tower method). The test results are as shown in Table 1.
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Table 1
Rustingtime | 48 | 120 | 216 | 360 | 500 | 1,000
Coating thickness hours | hours | hours | hours | hours | hours
60 pm * X X X X X
70 um O * X X x X
80 pm O O * X X x
90 pm O @) O * X x
100 pm O O O O o O
110 pm O O O O O O
120 pm O O O O O @)
130 um o O O O O O
150 pum O O O O O O
180 um O O O O O o
220 um O O O O O @)
*: Rusting started
x: Rusting
O: Normal

[0048]

[0047]

As presented in Table 1, no rusting occurs until at least 1,000 hours with the thickness of
100 um or more, demonstrating that desirable coatings were formed. It should be noted that the
conditions used in this Example, including pre-heating and post-heating temperatures, are
averages. Increasing the pre-heating temperature to, for example, 230°C increases the
thickness with the increased adhesion amount of the coating material. Further, because the
coating material contains grains of varying sizes, the smaller grains enter the spaces between the
larger grains, thereby closing the voids between the coating grains and eliminates air bubbles.

As a result, a uniform coating is formed.

Industrial Applicability
The method for forming a rustproof film on a PC strand according to the present invention,

with the reasonable combinations of the synthetic resin powder coating grain size, the
temperature settings for pre-heating and post-heating, and the line speed, enables efficient
production of a uniform and desirable film with improved productivity, without impaiting flexibility
and the shear resistance of the strand embedded in concrete.  The method therefore has a wide

range of applications in the rustproof processing technique for PC strands used as tensioning
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suscepti bl e tg S &?k@%ragﬁétﬁgﬁ. Ref erence Signs List [0048] 1PC strand
la Core wre 6f Botbkstand | b Surrounding wires of PC strand 2 Munt 3
Untwi ster 4a,_4b_, 4c, . 4d Spread maintaining unit 5 Core w re adjuster
6 Shot bl ast ef2 788 Heat er 7b Post- heat er

7b  Postheater

8 Powder coater

10 Cooler

11 Twister

13 Thickness measurement device
14 Pinhole detector

15 Drawer

16 Reeler

17,27 Bearings

18,28 Rotating ring
19,29 Core wire hole
20,30 Side wire holes

21 Outerring

22 Tension adjusting spring
23 Pulley arm

24 Movable pulley

25 Fixed pulley

26 Resinfim

A Pretreatment step



8 Powder coater 10 Cooler 11 Twi ster 13 Thi ckness neasurenent device
14 Pinhol e detector 15 Drawer 16 Reeler 17,27 Bearings 18,28 Rotating
ring 19, 29 Core wire hole 20, 30 Side wire holes 21 Quter ring 22
Tensi on adjusting spring 23 Pulley arm_24 Myvable pulley 25 Fixed
pulley 26 Resin filmA Pretreatnent ste B Coating step C Reeling
step

B  Coating step

C Reeling step



14 CLAIM5 1. A nethod for formng a rustproof filmon a PC strand,

t he net hod conpri si ng: an untwi sting step of untwi sting the PC
strand to separate surrounding wires froma core wire in the PC
strand running through a series of pro€ s lines; a coating
step of applying a synthetic resin powd coating material on each
outer peripheral surface of the core wire and the surrounding wres
in the untwi sted state; a heating sCapAdfMi&ating the core wire and
the surrounding wires in the untw sted state; a cooling step
of cooling the core wire and the surrounding wires with the synthetic
resin powtler cdahethgd forforningh rustpréadfiim on D etrad, t her eon after the
coating step and the heating step, so as to forma resin film and

a tw sting stegh%lf“ 'F’W‘ %Q‘ne surrounding wires with the resin film

to restore the anrunwmg sl‘ébaf Lmtmstm@ i C eRdrfl tWérairadd Sunoladingvvirds ftidhea core
resin film whe heat.i ng step J ncludes pre-heating and

post - heatW‘F?d“B@rH%?tf?ﬁe”ESW’SF'EO'&Q@%'?% PIA¥ESTBS®i ng step of appl yi ng

the synthetic raeéddﬂn Qi &df f O syRBIchE irddin paiidbr tdstingeAkteid on each outer
tenperature in the QP ‘éﬁeatal%gﬁ ?s set 30 to RBOC hi gr?gr t han t he

heati ng tm@r@hsuvf@emthﬁﬁerewgtanﬂﬂr@tsvwndmg wires Intﬂmurﬁwlﬁtﬁﬁét@tee resin
powder coating JRhGd Sdp &?ﬂéatiﬁﬁ g%‘r%geﬁﬁﬁ‘e aﬁ‘F uﬁ’gérﬁ]@wﬁg irf tAe BRwiRBdlsRite;

provide a thickness set for t € series of process
| i nes has a | i mecosigeterof caoling the@ore witeand tize sumending Wies vdibdhs eintgtia resin

L SRS SRTR 35 Poklind 38 ol By o8 <
of cl a| m s tofond a resin fiim; and
a fwisting step of twisting the surrounding wires with the resin film to restore the original
state with the core wire provided with the resin film, wherein:
the heating step includes pre-heating and post-heating performed before and after the
coating step of applying the synthetic resin powder coating material, and the heating temperature
in the pre-heating is set 30 to 130°C higher than the heating temperature in the post-heating,
the synthetic resin powder coating material has an average grain size of 40 to 50 pm to
provide a thickness set for the resin film, and

the seties of process lines has a line speed of 5 to 10 m/min.

2. The method according to claim 1, wherein the thickness set for the resin film is 100 to
280 pm.

3. A PC strand comprising a rustproof film formed by the method of claim 1 or 2.



