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ABSTRACT

As an important quality index of high voltage etegity transmission tower, zinc coating thickness
detection and quality control is more and more rditb@ in recent years. The coating thickness and
uniformity of tower materials provided by the suppd are tested through the traditional methodhey
power department, the detection precision of thethmd is low efficiency and analysis results is not
returned objectively to help superior evaluatiantHis paper, zinc coating thickness detection gunality
control system of tower materials based on stesistnethod are developed, through coating thickaes!
uniformity tested, the test results are returnethéocompetent department timely, the analysisest data

is completed automatically by this system. Therefive zinc coating quality of the tower materiasised
safety issues is avoided effectively and contributesuperior evaluation reasonably.

Keywords. Angle Seel Tower Material, Zinc Coating Thickness Detection, Quality Control, Statistical
Method, Supplier Evaluation

tested by thickness measuring instrument and the
result data is recorded on the paper, the quafity o

zinc coating thickness is judged by testing

With th? rapid de_velopr_nent of national ecor.lo.m%ersonnel subjectively, and the uniformity of tower
and National Grid, high voltage electricity

o aterials zinc coating is tested by copper sulfate
transmission angle steel towers are needed urgently .. s S
: . - . S te'sting, which is put tower materials in the copper
in national power grid and information industry

construction. More and more supplier a earsulfate solution repeat four times, if the zinctaog
) ' . PP PPEAIS: (o wer materials does not appear the phenomenon
which could provide angle steel tower. The qualit

. . . %f show iron, so we could judge that the unifoymit
SL:rnagr:?ecsateilftol\\IJVStric)IﬁaXe%;irgpothzc\:'er's ﬁﬂitzﬁfjsof tower materials zinc coating is qualified [2].
detection and quality control .is more and morAlthough there are many stud|es_, on quality control
attention in recent vears. Because the anale st%fl tower materlals_ there are still many problems

S y : ; . 9 $4ve not been satisfactorily resolved. For example
tower which is good or bad is decided by towe

materials. The zinc coating thickness an he detection precision of this method is low

. . : - . efficiency and analysis result is not returned
uniformity of tower materials is very 'mportantob'ectivel to helo superior evaluation. the lit
index for quality control of steel tower. Because ) Y P sup ' qua

steel tower often be placed in the wild, so conosi control of zinc coating thickness and uniformity is

) difficulty by the existing method.
resistance of ste_el tower must be. havg, therefare t Therefore zinc coating thickness detection and
zinc coating thickness and uniformity of tower

materials is the quality guarantee of steel towsr quallity control system of tower materials based on
) X : statistical method are developed, through coating
is the safety guarantee of National Grid.

In the last few vears. as the platin thicknesthickness and uniformity tested, the test resuits a
years, P 9 eturned to the competent department timely, the
uneven, tower materials are corroded and wastg

i ) ; halysis of test data is completed automatically by
serlou_sly, so the tower O.f galvar_uzed Iayer_thlcskne this system. At first the detection method of pigti
material and uniformity which supplied by

. . thickness and the present situation of quality rnt
suppliers are tested. At present the tower of mﬂtertechnology and the research of point layout are

coating thickness and uniformity provided by the " °. . : :
. o feviewed, the main research content of this paper i
suppliers are tested through the traditional methg A S
. .+ .ascertained. Based on the measurement principle of
[1], for example the thickness of tower materials i

1. INTRODUCTION

plating thickness, convenient and efficient, data
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storage and so on, the coating thickness gauge lo€al thickness are not less than 70um and
QNix8500 is purchased for measuring galvanizetheasured values of coating average thickness are
layer thickness of tower materials [3]. Takingnot less than 85um.

galvanized layer thickness and uniformity of angle

steel tower materials as an test object, accorting Table 1: The Scheme Sandard Of Zinc Coating

the principle of control chartcontrol charts which Thickness Of Angle Steel Tower (Unit: Piece)

suitable for galvanized layer thickness and parts Parts Parts
. . : Batch Sample hick hick hick
uniformity of tower materials are selected. range size  thickness thickness  thickness
Reference standards and combined with the actual 3-4mm 4-8mm >8mm
situation of layer detection of angle steel tower 0-1000 75 25 25 25
i it i 001-3500 85 30 30 25
materials. When acquisition data of galvanized 3501 100 20 20 30

layer thickness of tower materials, the positiod ar
number of measuring point are made based on the
engineering requirements. When acquisition data (11‘2
galvanized layer uniformity thickness of tower
materials, the position and number of measurin
point are made based on the pitch method a
simplified m fonts of measuring principles. The
structure of galvanized layer detection and qualitg
control system of tower materials is establishiad, t
function of each module and the operation proce
of the system are analyzed, galvanized lay
detection and quality control system of towe
materials is devised and statistical process cbistro
used. Therefore the zinc coating quality of th
tower materials caused safety issues is avoid
effectively and contributed to superior evaluatio
reasonably.

2. QUALITY CONTROL OF ZINC 1 [ I T
COATING THICKNESS AND — s
UNIFORMITY e

Each plating piece which is selected is checked
points. The distribution of 12 points in the
lating piece is shown in figure. 1.The distributio

dd 12 points is designed based on uniform
istribution method, for better reflect the thickae

ituation of zinc coating. Measured values of

oating local thickness are arithmetic averageesalu
fhat the 12 points of each plating piece which
ecked, measured values of coating average
ickness are arithmetic average value that coating
local thickness of some coating thickness of ptatin
é)ieces. If average value could meet the standard of
éawc coating thickness of angle steel, then the
uality of zinc coating thickness is qualified waul
e determined by inspection personnel.

o

&

The thickness values of zinc coating pieces ar€igure 1: The Distribution Of 12 Points In Plating Piece
divided three types: from three to four micrometers Although the result of testing could be

Igorgif%lfrrtr?igfgteggoT;,etgz;mgomg;;ﬂatg eeqaucagetermined by the above method, but the detailed
9 ) valuation of superior is difficult to achieve. So

supplier, the plating piece which checked should bze']nc coating thickness detection and quality cdntro

ggxz;sg ggﬁ&i?é tg;car:aespsla;/iﬁgjiﬁiclr?:i ifIZntg é‘ tower materials based on statistical method. are
: put forward. In order to better reflect the cap&pil
steel tower materials. . - .
of suppliers, through the statistical analysis afad
2.1 Quality Control of Zinc Coating Thickness which is checked, process capability index could be
The test requirement of the coating thickness afalculated. It is a widely used capability index fo
angle steel plating pieces as follows, each platingrocess capability studies. It may range in value
piece is checked 12 points [5], plating thicknesfrom zero to infinity with a larger value indicagjra
values in the range of three to four micrometersnore capable procesg;, will be used for the

measured values of coating local thickness are ngaluation of supplier capability. Because the
less than 45um and measured values of coatiggandard of zinc coating thickness only has the
average thickness are not less than 55um, platifgyer requirements, so the unilateral lower limit

thickness values in the range of four to eightalculation formula, is used. It can be expressed
micrometers, measured values of coating Ioc%lgthe following equation

thickness are not less than 55um and measure
values of coating average thickness are not less th
75um, plating thickness values which are more than C, =
equal to 8 micrometers, measured values of coating

u-T, _X-T, (1)

R
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Where u is the theory of mean valdejs the evaluation of superior is difficult to achieve. So

actual of mean value, arfdis the unilateral lower Zinc coating thickness uniformity control of tower
limit value. 9 is the value of standard deviation. Atmaterials based on statistical method is put fodwar
the same time according to the calculated staaistic!n Order to better reflect the capability of suppsi,
data, the histogram will be designed out. Théhrough the statistical analysis of data which is
change trend of zinc coating thickness could pehecked, the statistical process control chartctoul

reflected intuitively. be _u_sed. Combined_ uniformity judgment needs, the
. . ) . individual and moving range control chast—(Rrs)
2.2 Uniformity Control of Coating Thickness is used [7]. First the distribution of points whiate

Uniformity control of zinc coating thickness is achecked s designed, each plating piece which
very important inspection item for quality contafl  checked is measured several points, the distributio

method of tower materials zinc coating is tested by

copper sulfate testing, which is put tower matsrial

in the copper sulfate solution repeat four timés, i ° o ° ° ° °
the zinc coating of tower materials does not appeal

the phenomenon of show iron, so we could judge| e o ° 0 ® s

that the uniformity of tower materials zinc coating
is qualified. The thinnest point of tower materials
could be found effectively by this method, but the
uniformity could not be reflected effectively. Seet
new idea of distribution points and statistical The test requirement of the coating thickness
analysis method are put forward. The zinc coatingniformity of angle steel plating pieces as follpws
uniformity of the tower materials caused safetyach plating piece which checked is measured
issues is avoided effectively and contributed tgeveral points, then these points of each plating
superior evaluation reasonably. The check schemgece are drawled the control chart , by judging th
of plating uniformity and the distribution of point situation of the point on the chart, the coating
and statistical analysis method are introducedhén t thickness uniformity of plating each piece is

Figure 2: The Distribution Of Points In Plating Piece
For Uniformity Control

following content. analyzed. According to the length values of plating
pieces are divided three types: from zero to three
Table 2 : The Scheme Standard Of Zinc Coating meters, from three to five meters and from five to
Uniformity Of Angle Steel Tower (Unit: Piece) eight meters. In order to the points which checked
_ can be reflected the thickness uniformity of all
|:r|1(;fr? Szi’;‘g'e Judgment array plating pieces of angle steel, different lengthshef

angle steel should be measured different points.

oam 3 Ag Rf Based on the method of pitch and principle of
3m-5m 3 0 1 measuring meters fonts, it concludes that the kengt
5m-8m 2 0 1 values of angle steel plating pieces which are from

Check scheme of plating uniformity is shown irzero to three meters are measured 36 points and the
table. 2 [6]. As the length values of plating pcelength values of angle steel plating pieces whreh a
are divided three types: from zero to three meterfom three to five meters are measured 48 points
from three to five meters and from five to eight@and the length values of angle steel plating pieces
meters. In order to evaluate each supplier, in thghich are from five to eight meters are measured 52
processing of checking, each length value of pdatinpoints.
piece is checked three. The tower materials is put The individual and moving range control chart
tower materials in the copper sulfate solution egpe( x-Rs) is used for the evaluation of uniformity.
four times, if the zinc coating of tower materialsBecause the standard of zinc coating thickness only
does not appear the phenomenon of show iron, bas the lower requirements, goRrs control chart
we could judge that the uniformity of toweris used. This chart is usually at least 25 samples,
materials zinc coating is qualified. If the platingeach sample point was one, not for grouping data,
coating uniformity of the three plating pieces argan be used directly, applicable to a small number
qualified, so the plating coating uniformity of shi of occasions. Single valuecontrol chart is to use
batch of plating pieces are qualified. the quality characteristics of individual samples

Although the result of testing could bedirectly to the production of numerical control,
determined by the above method, but the detailegithout going through the tedious calculation, easy

R
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to use, and has to find as soon as possible and to UCL=D,R
judge the abnormal production of the 1o
characteristics. Moving ranges control chart is to NZ
use quality characteristic data deviation to réflec =
LCL = D,R,

and control the product quality characteristics of

discrete degree, moving range is defined adjace{®)
the two observation data difference absolute value, Where p,andp, is the coefficient of the above
therefore, can be seen as a capacity of two t'?@rmula 35, 355 . Under normal

sample range. Da= R

The x control chartl control- limits can be circumstances,p andp. Can be found in the
expressed by the following equation 4 s

3=1-

coefficient table [8].
The Moving rangers control chart is to use

_y+3R . i -
UCL=x+3—> quality characteristic data deviation to reflecdan
o control the product quality characteristics of
CL=x= E;’“ discrete degree, moving range is defined adjacent
R the two observation data difference absolute value.
LCL=x-3— To sum up, the individual and moving range control
(2) . ;
chart (x-rs) is used for the evaluation of
Wherex is tactual of mean value éii and uniformity. It can well reflect the uniformity ofirzc
N&X coating thickness. Application af- rscontrol chart

5 is the value of standard deviation, Z( )Z will be introduced in the following chapters.

i=1

N-1 3. THE DEVELOPMENT OF QUALITY
R is moving range of mean valugszlst. CONTROL SYSTEM
n

Moving range rs is defined adjacent the two In this section, the quality control system of zinc
observation data difference absolute valugoating thickness and uniformity is developed i th
therefore, can be seen as a capacity of two tlievelopment environment of c# and SQL server
sample range. Single valiecontrol chart is to use database. The system is developed and used, could
the quality characteristics of individual samplesmprove the detection efficiency and accuracy,
directly to the production of numerical control,could realize the power grid construction
without going through the tedious calculation, easglepartment purchase quality monitoring and
to use, and has to find as soon as possible anditdormation management. The system is used to
judge the abnormal production of theevaluation of superiors too. The structure model of
characteristics. the system which called coating thickness
The g control chart control limits can be inspection of tower materials and quality contsl i

expressed by the following equation shown in figure. 3.

Galvanized layer detection and Quality Control System of tower materials

 / \ A\ Y A
detection data other information coating thickness coating thickness
collection of collection of tower analysis of tower uniformity analysis of output statements
tower materials materials materials tower materials
vy . Y vy v
coating coating equipment check <R “Rs check ﬁ]l;ld check
thickness | | uniformity basic basic totality . . scheme | | Proviem timel
. . . . . analysis analysis analysis Y
data data information information | | analysis form f form
orm

Figure 3: The Sructure Model Of Quality Control System

R
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(1) Detection Data Acquisition of Tower Table.3: The Check Data Of Plating Thickness
Materials: The analysis data of coating thickness sample 1 2 3 4 12
and uniformity of tower materials which are 1 713 625 606 608 - 59.3
imported in excel from the gauge are storied in the 2 541 663 635 592 - 564
designated database. Coating thickness of tower 3 69.6 546 550 525 - 625
materials are measured by the coating thickness ;‘ Zg'g :ig gg'é 2‘3"'2 :?g
gauge of QNix8500 produced in German in the 641 597 581 680 - 656
article. _ _ 7 634 558 561 539 - 603
(2)Other Information Collection of Tower 8 61.0 574 622 656 - 618

Materials: Other information acquisition module are ¢

713 556 50.1 550 -+  59.0
included the equipment basic information and the ... e
check basic information and, which are prepared for 25 65.4 625 54.6 607 .. 57.8
output statements and are submitted to the spécifie
database before checking.

(3) Coating Thickness Analysis of Tower

Because the standard of zinc coating thickness

Materials: The data which collected from angl nly has_ the lower rgquirements, S0 t_he unilateral
steel tower of some thickness is drawled on th@Wer .I|m|t calculation formUIaQPL IS used. _
histogram chart, by judging the situation of theAccording to Check data of plating thickness in
points on the chart, the coating thickness of piati table 3, it can be calculated by the following
pieces are analyzed. At the same tirgg, is equation.

calculated for the evaluation of supplier capailit _X-T, _602-55_
(4) Coating Thickness Uniformity Analysis of Co = 35 3*11 =157
Tower Materials: The data which collected from . o
plating piece is drawled on the control chart of According to the judging standard of process
«-Rs, by judging the situation of the point on thec@pability indexc, is equal to 1.57, we can judge
chart, the coating thickness uniformity of platingghe ability of the supplier is to meet the
each piece are analyzed. requirements. Therefore, according to the value
(5) Output Statements: Analysis results obfc, . the supplier level can be graded reasonably.
coating thickness and uniformity of tower material$\t the same time according to the calculated
are output in the form of statements and printed istatistical data, the histogram will be designetl ou
PDF format. The change trend of zinc coating thickness could be

4 CASE ANALYSIS reflected intuitively.
171, it

Taking someone supplier which provides a batc "
of (800 pieces) angle steel tower materials to powir|
departments as an example, figure 4 is th
histogram chart which the thickness value are fror’ |
three to four millimeters of the selected twentyefi .
plating pieces, figure 5 and figure 6 is thers
control chart which the long values are from zero t”] s @a nm
three meters of the selected three plating piecBigure4: The Histogram Of Zinc Coating Thickness Data
figure.7 is the check conclusion.

From the histogram chart of figure.4, as it can be
4.1 Analysis of Zinc Coating Thickness seen from the distribution trend of points drawled

In above case, a batch of angle steel towen the chart, only one planting piece which local
materials has 800 pieces, according to table. 1, #8ickness measured values are less than the local
plating pieces must be selected from 800 piecebjickness standard values, and the average thisknes
which the thickness value are from three to foumeasured values of all the tower material are
millimeters of plating pieces. Each plating pieies greater than the minimum average thickness
checked 12 points, and check data is stored in tstandard values. It can be seen from the judgement
system database, Check data of plating thicknessskeindard of the plating thickness, the thickness
shown in table 3. values which are from three to four millimeters of
the selected twenty-five angle steel plating pieces
are qualified. At last, the distribution of thiclese
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data reasonably can be judged from the histogral Rs Control Chart
Chart Lange of Coating Thickness —— Uipper Limit

I
||I

Loy Limit

4.2 Analysis of Zinc Coating Unifor mity

In above case, a batch of angle steel towe
materials has 800 pieces, according to table.r@eth
plating pieces must be selected from 800 piece:
which the long value are from zero to three meter:
of plating pieces. Each plating pieces is che@d&d
points, the distribution of points in the platinigqe

Mowving Range of Coating Thickness{um)
&

is shown in figure. 2, and check data is storethén “ ; Measure Point Count

system database, Check data of plating thickness Is

shown in table. 4. Figure 6: The g, Control Chart Of Uniformity
Table 4 : The Check Data Of Plating Uniformity From theﬁscoerI chart of figure.6, by judging

sample 1 2 3 4 36 the situation of the 35 points on the chart, it is

1 63.4 55.8 561 539 -  60.3 concluded that the 35 points are between the upper
2 654 625 546 607 .. 578 limit and the low limit and the wave of coating
3 625 52.0 636 634 - 578 local thickness is normal.

At this time, the check conclusion of this case

According to Check data of plating thickness ircan be sum up. The measured value of coating
Tab. 4, thex-Rrscontrol chart can be designed byaverage thickness is 55.7um, the requirements of
the quality control system. The control chart the standard can be meet. According to the judging
control limits can be expressed by the followingstandard of process capability indey, is equal to
fig.5. The g, control chart control limits can be 1.57, we can judge the ability of the supplierds t
expressed by the following figure.6. meet the requirements. From thers control chart
and the judgement uniformity standard of plating
thickness, the uniformity is qualified. So the
thickness and uniformity values which are from
three to four millimeters of the selected anglelste
plating pieces are qualified.

x Control Chart

5. CONCLUSION

i
E"‘“g. The coating thickness and uniformity of tower
%3 + 2 :> i materials are tested through the traditional matho
Messure Point Count by the power department, the detection precision of

this method is low efficiency and analysis resigdts
not returned objectively to help superior evaluatio

From the x control chart of figure.5, as it can bén this paper, zinc coating thickness detection and
seen from the distribution trend of the 36 point§uality control system of tower materials based on
drawled on the chart, the mean values line of the Jtatistical method are developed, through coating
points which selected one angle steel tower piedBickness and uniformity tested the test resulées ar
are greater than the local thickness standard saluéeturned to the competent department timely, the
in the 36 points, only one point is not felled et analysis of test data is completed automatically by
control limits. It can be seen from the judgemerfhis system. Therefore the zinc coating quality of
standard of the uniformity of the plating thicknessthe tower materials caused safety issues is avoided
the uniformity is qualified. effectively and contributed to superior evaluation
reasonably.

Figure 5: The x Control Chart Of Uniformity
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