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Prayad Boonkham 2008: Internal Lightning Surge Protection for Equipment Control
in Industrial. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor:

Mr. Winai Plueksawan, Dr.Ing. 92 pages.

Problem appear in line process of texture plant main main cause from control system

failure and suggestion seen day have rain lightning control system shutdown often.

This thesis describes a design of internal lightning protection system for control
equipment machine installation by principled equipotent bonding earthling system shielding
including selection and installation according standard IEC and IEEE subject surge protective

device compare before and after so installed SPD at MDB LP control are production stability.

Student’s signature Thesis Advisor’s signature
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AWG = American Wire Gauge
CRT = Cathode Ray Tube

kA = Kilo Ampere

LED = Lighting Emitter Diode
L-G = Line-Ground

L-L = Line-Line

N-G = Neutron-Ground

L-N = Line-Neutron

LPZ = Lightning Protection Zone
MOV = Metal Oxide Varistor

Q = Resistance

SPD = Surge Protective Device
TVSS = Transient Voltage Surge Suppressions

VAC = Voltage Alternating Current

VDC = Voltage Direct Current
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nazuafhvinlwagszundunda s0% fail
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nazualnaluszunvionh = 753 = 25 kA
aszud aluszuy Iwihmde = 753 =25kA
nseuanaluszun lihsdaldinseesng = 753 = 25 kA
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v
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1. fanINtied MDB

FLUVTINAWAULUY TN-C System

v, = useau ihseninaednihnuunsdnihaedsyau

V,=220 Vac
Viax=1.1xV,
A% = 242 Vac

MAX

MM31800 3 x SPD > 242 Vac, 1> 75 kA
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v
U

ANAIN Load Center

5TUVTINAAUUUY TN-S System

v, = useau ihseninaednihnuunsdnihaedsyau
V,=220 Vac

\

= L1XV,

A\ = 242 Vac

MAX
v, = useau Iihsgnineneimsanuunsdnivedssaiu

Vn,, =220 Vac

#1M3180n 3 x SPD > 242 Vac, 1 x SPD > 220 Vac, 1 225 kA
donvinamedahaelszauasaumumsed 5 1den nowas A 16w

v
U

AAAIN Terminal Equipment L+N+PE

MM3180n 1 x SPD+N+PE > 220 Vac, 225 kA

enUUIATeA A0 lsraIUaIAUAINA1319T 5 180N NEIUAT  YUIA 16 WN.
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v
(3 =

msdengldyananldlumsnadouawinasgiu IEEE

g 9

v 9
MIHUINA 1 Mauislsznnves lsudadinugduuudyaanadou

Usziam 100 kHz AR 5/50 nS 10/1000 1S 5 kHz
A Standard None Addition Addition Addition
B Standard Standard Addition Addition Addition
C None Standard None Addition Addition

MIWUINN 2 MInadoUAIody I8 100 kHz

FZALAWY UIIAUGITA NIZUAFITN ABUALANCEH
Usznn v v
FIVIIER (kV) (kA) Q)
Al Low 2 0.07 30
A2 Medium 4 0.13 30
A3 High 6 0.2 30
Bl Low 2 0.17 12
B2 Medium 4 0.33 12
B3 High 6 0.5 12

MIWHUINT 3 NMINATOUAIWTYYIY 1.2/50 LS 1ag 8/20 LLS YoInaUNL

FZAUAY HIIAUFIGA NIUATIGA AT vE
Uszian
JUIIA (kV) (kA) (9))
Bl Low 2 1 2
B2 Medium 4 2 2
B3 High 6 3 2
Cl1 Low 6 3 2
C2 Medium 10 5 2

C3 High 20 10 2
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0.5 LS — 100 kHz

Combination wave

UrHaLna - Peak
N-G o impedance = Peak Value  impedance
1939 JUITY Value
kV (@) kV (@)
N-G Close All None None None None
At service Nearby All 1 30 None None
Entrance Far All 3 30 None None
N Not All Low 2 12 2 2
Earth All Medium 4 12 4 2
Service
All High 6 12 6 2
Entrance

MIWHUINT 5 AMTIAUGIANNATOURIBAAY Fast Transient

Location A,.B Peak Value(Open-circuit) kV
1 1
2 2
3 3
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MIHUINN 6 AMTITUFIgALazAMBNNLAUTNIINMINATRUR18AAY 10/100 LS

71

FLAUANUTULT AwsIdsagega* oumuaud (€Q)

Low(Residential) None None
Medium(Commercial) 1.0 p.u. x V peak 1

High(Industrial) 1.3 p.u. x V peak 0.25

*Remark : Fora 120 V___L-N system and for the high exposure level :

rms?

V... =170V

total

+1.3x 170 =390V

(sine wave) (surge alone)

" 1 1% 1 a A I o 4
minwmnﬁ 7 ﬂHL‘i\Tﬂuqx‘iT;IﬂLlﬁgﬂTQMWLLﬂuGBﬁWWﬂWiT]@ﬁﬂﬂﬁ?ﬁlﬂau 5 kHz

FEAVANNIULUT AU Vg Sumuaud ()
Low None 0
Medium 1.0 p.u. x V peak 1to5

High 1.8 p.u. x V peak 0.5to1

*Remark : Fora 120 V__ ,L-N system and for the high exposure level :

V, . =170V, +1.8x 170 =476 V

total (sine wave) (surge alone)
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Udyonanasgunldlumnaaey

Qo

=

5 uS

10uS
o L

| N

N

MW 1 31 yaa1100 kHz

u

X Aa 09/' & a a o
1% lumsnaaeuluaaunandlszion A uag B #3a11UNTNADIUDIDUNUAUY
Uszinn A 14 30 QQ

Uszian B 14 12 Q wman'ldanaums

Z=Vo/ls

Z = effitive impedance
V, = Open circiut voltage

I, = Shot circuit current

v d‘
AaanyzYezlaay
Rise Time = 0.5 uS £ 0.15 uS

Frequency = 100 kHz & 20 kHz

aumsnlénaany
V() = AVp(l exp (-t/T,)) exp(-t/T,) cos (D)
t = time

V,= Peak value open circuit voltage



I = Peak value shot circuit current
T,=0.0533 LS

T, =0.0533 US

M =2TT 10’ red/s

A =1.590

2us

50 us

MWHUIDT 2 AAUNETY 1.2/50 LS

3 us

20 43

MWHUIDN 3 ATUHEY 8/20 LS
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sUnAUNANE 2 nUDAe nadoUTlaNITIAY 1.2/50 uS NATOUAANDINTLIA 8/20
9 d’a QaJJ [ d‘
us lslumsnageuaniunaanailszian B tag C puanyazuedglaan

Open-circuit voltage waveform

Front time : 1.2 uS+0.36 uS
Duration : 50 uS £ 10 uS

Front time for voltage waveforms = 1.67(t90 — t30)
T90 A® AN 90% VOIVUIAVDUVIVH

Y
T30 A9 A1 30% VOIVUIAVO VU

aumsilFlumanaseu

I(t) = AI pt3 exp (t/T)

t = time

V, = Peak value open circuit voltage
I = Peak value shot circuit current
T=3911 US

A=0.01243 (US)”

Shot-circuit current waveform

Front time : 8 uS(+1.0,-2.5) uS

Duration : 20 uS(+8,-4)uS

Front time for voltage waveforms = 1.25(t90 — t10)
T90 A0 i1 90% YBIVIAVDLIIT

E4
T10 ﬁ’f] f110% mawmmamﬁu
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aumsn1Flunmsnadevie
V(t) = AVp(l exp (-t/T,)) exp(-t/T,)
T,=0.4047 LS
T, =68.22 US
A=1.037
t = time
V= Peak value open circuit voltage

Ip= Peak value shot circuit current
A A a A
sinaunlFlumsnaaeuiisnis

i1 ' k4
iadau 5/50 ns Ilumsnagoumiuaulszinnmsaaaslszion A uaz B

5 05

50 0

MNNUINN 4 AAUNATADU 5/50 nS

-2 d’
ﬂﬂ!ﬁﬂ]&lﬂl%ﬂl@\‘lgﬂﬂﬂu
Rise Time : 5 nS%1.5nS

Duration : 50 nS = 15 nS



aumsilFlumsnagevie

V() =AV p(1 exp (-/T,)) exp(-t/T,)
T,=3.5nS

T, =55.6nS

A=1.207

t=time

V, = Peak value open circuit voltage

I »= Peak value shot circuit current

sinau 10/1000 LS

x 108

1000 us

MWHUINA 5 AAUNATDY 10/1000 LIS

Open circuit voltage

Front time : 10 LS(+0,-5) LS
Duration : 1000 LLS(+1000,-0) LS
Shot circuit current

Front time : 10 LS(+0,-5) LS

Duration : 1000 1S % 200 LS
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Aq Y A
aumsnl¥lumsnagevne
V() = AIP (1 exp (-t/T))) exp(-t/T,)
T =3.827 US
T, = 1404 IS
A=1.019
t = time
V,= Peak value open circuit voltage

Ip= Peak value shot circuit current

4
silaau 5 kHz

MNNUINT 6 AAUNATDY Ring Wave

Rise time : 1.5 S £ 0.5 1S

Frequency : 5 kHz T 1kHz

Aq ¥
aumsnlgnagou
V() = AVp (1 exp (-/T))) exp(-t/T,) cos (M)
t = time

V.= Peak value open circuit voltage

77



Ip= Peak value shot circuit current

T,=0.7356 LS
T, =280.4 IS

®=T10" red/s

A =1.027

msmidnyuzjlaaunasgunldlumsnadeuniu IEC 61643-1

d‘ 1 A o v ad
AT NAUINN 8 ﬂﬁLlﬂﬁgﬂﬂﬁuiuﬂ”liVlﬂﬁi’)‘]JQ‘]Jﬂim‘]Bjﬂﬂﬂulﬁii]
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Class

ITEM

Wave Shape

II

1

Protection Against Direct
Lightning Current
(Lightning Current
Arrester)

Protection Against Indirect
Lightning Effects

(Surge Arrester)

Protection Against Switching
Over voltages

(Surge Arrester)

10/350 pS

8/20 pS

1.2/50 pS;8/20 pS
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o A A Y 4 @ ad
anvazaosgdaaunldlunmsnaasuginsaiflosiudsaniu IEC 61000-4-5

4
4 | peak sUnaunszua 10/350 ps

A .

=10 ps—= I{JS]I

gﬂﬂmmnmmmnw AVDINIZU LRI T3
m‘wwmnﬁ 7 ﬂéu‘ﬂﬂﬁflﬂ 10/350 puS Voltage Impulse

Open Circuit Voltage : 1.2 x 50 uS
Front Time : 1.2 uS + 30%

Duration : 50 pS +20%

/"

MNHUINN 8 AAUNATO 8/20 pS
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Short Circuit Current : 8 x 20 pS

Front Time : 8 uS +230%

Duration : 20 pS +20%

i"lflﬁxlaﬂﬂﬁlli’)ﬂlﬂgi’)ﬂ ICBT

fwda RIETER ICBT
Uszine d5uaa
A
m3lFaindudie POY Muguuigidszuna 195 -400 83 A INTURINGA
= a A 3 & <3 Y o 1o 9 Y
inden Andgaasenaznudn Roll 1 1 1dndesnismuanudssnisvesgni

o J
NIININIUVDINTTANIUAY

1. Sensor #3293 Ud UM e iTiidudga Fadarduaeale Cutter

2. 11 Tension 'lu’afﬂu Range I dadadudedie Cutter

1 = o g1 A g‘ o Y Y A o
3. 1 Sensor A Roll agshaungeriio iimiinvesgnate laaunimue
4. MianUALIZIINITAB RS 485 NUSYUUADNHIADS

5. 1% Power Supply 24 Volt



QUALITEX SYSTEME - Version 2.1

B. SOFTWARE AND HARDWARE ENVIRONMENT

The QUALITEX is currently developed on the software of the Texturing Machines
equipped with one of the following variants:

- Automatic doffing

- Length counting

which are in turn equipped with the "single board” PLC with the graphic screen.

SCHEMATIC DIAGRAM |

SPINDLE
TENSION - .t
SENSOR @\ YARN \
\\

N
|

TEXTURING HEATER

\

-8 g2g == 8_

— @ O®D =31 @ -

= - G660 OO -

B SINGLE CARD &= s—s—

TAKE-UP

The tension sensors are located in the texturing area, at the outlet of the Spindles.

1386 texturing machine software

MUNINA 9 MIhauvesmianlIugy

MWHUINA 10 19599 ICBT 15 lunsiiiide
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Software 386 Version 1.3 R

3. HARDWARE AND SOFTWARE ENVIRONMENT

DIGITAL MACHINE BLOCK DIAGRAM

T =

i ANA. and TOR

/O of 386 board
and EXTOR

‘ﬁé Mauchine Software Documentation ) 9J
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MWEINN 20 @0 SPD fniou Breaker 4a Capacitor
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F1HIMUHANEA TEXTURED 1324 1A 1 DECEMEER 2046
TEXTURED YARNS
lﬁﬂ‘l—! JAN FEE MAR APR MAY JUN JUL AT SEP oCT NOV DEC AVE
Nﬂﬂﬁﬁ (TON)| 11608 | 187.60 | 215.93% | 173,434 | 160,782 | 170912 | 149217 [ 127.881 | 114.391 | 179153 | 195.554 | 160.049 | 162.55
o Eff 65.56 T2.00 2045 $5.34 T4.66 T3.14 G422 59.11 S6.94 T3.91 Te.10 T6.30 TL.4%
PRODUCT&EFFICIENCY
IS000 -
21594
13760
0000 — 17091 19555
16158
15000 —
TIA4%
7800 S045 8534 19.10
S000 - 6356 T486 | T34 00 5901 5694
000 T T T T T T T T T T T T 1
JAN FEE DBMAR APR MAY JUN JUL AIG SEP OCT NOV DEC AVG
| —— pAaran (TON) —8— o Eff
a -
a
MNHUINN 24 uaaanananl 2006
TEUHANTI TEXTURED 1531801 DECEMBER 2001
1) Hawfin TEXTURED
idou IaN FEB MAR | APR | MAY JUN JUL ATUG SEP oCT NOV DEC |AVERAGE
HAHEN(T) 1897 1dNI6 | 3087|2373 | 16887  Il41| 13835 | 19520 19423 | 19840 |  19851| 1898 | 19133
HAHER (kg) | 175.968.5 | 1471616 | 2205709 | 2227374 | 1688708 | 2114101 | 199,259.3 | 1952064 | 1942287 | 19840495 | 19851232 | 189.954.73 | 19283214
% Eff 443 n 7993 123 1835 7591 $2.00 3503 8460 8642 36,47 8174 50,69
PRODUCTSEFFICIENCY
50 205 IR

00

150 +

147.16

504 MmN

1141

7835 891

5200

95,03 $4.60

195.20 19433 198.40

189.95

g $3.74
86.42

JAN — FEE— MAR APR MAY JUN JUL AUG — SEP OCT NOV  DEC

—— JANEA(T)

—#— L Eff

MNHUINN 25 uaaanananil 2007



THATHHANEA TEXTURED UF:d WA0H MAY 2008

1) HAWEA TEXTURED

—— HaHEN)

—=— %%, Eff

dau JAN FEE MAR APR MAY JUN JUL AUG SEP ocT NOV DEC AVC
HAWEA(T) 213.67 190.71 19255 114.54 21119 184.53
WaNEA (kg) | 213,669.3 | 190,705.2 | 1925547 | 1145429 | 211,196.0 184,533.60
% Eff 50.74 54.29 5191 1030 $3.35 8012
PRODUCTEEFFICIENCY

0 213.67 21119

200

150

100 Plot Area

S0 4 S0T4 8429 s191 $3.35 :!

0 T T T T T T T T T 1

JAN  FEB MAR APR MAY JUN JUL 4UG SEP OCT NOV DEC

MNHUINN 26 LaAINanNanil 2008
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