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∫∑§—¥¬àÕ

®“°°“√»÷°…“«‘∏’°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π·∫∫∑—Ë«Ê ‰ªµ“¡¡“µ√∞“π IEEE Std.80-2000  [1] ´÷Ëß‡ªìπ
«‘∏’ÕÕ°·∫∫∑’Ë„™âÕ¬à“ß·æ√àÀ≈“¬π—Èπ ‡¡◊ËÕæ‘®“√≥“µ“¡À≈—°‡»√…∞»“ µ√å æ∫«à“°“√ÕÕ°·∫∫∑’Ë‰¥âπ—Èπ„™â®”π«π·∑àß
µ—«π”‰øøÑ“∑’Ë‰¡à‡À¡“– ¡ ∑”„Àâ√–∫∫µàÕ≈ß¥‘π∑’Ëª≈Õ¥¿—¬¥—ß°≈à“«„™â·∑àßµ—«π”‰øøÑ“∑’Ë¡“°‡°‘π§«“¡®”‡ªìπ  àßº≈
µàÕµâπ∑ÿπ°“√ √â“ß∑’Ë Ÿßµ“¡‰ª¥â«¬ ·¡â«à“ºŸâÕÕ°·∫∫®–∑√“∫ªí≠À“¥’ ·≈–æ¬“¬“¡≈¥ª√‘¡“≥·∑àßµ—«π”‰øøÑ“‡æ◊ËÕ
À“®ÿ¥∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ¥â«¬°“√≈Õß≈¥ªí®®—¬∑’Ë¡’º≈°√–∑∫µàÕ§«“¡ª≈Õ¥¿—¬ ·≈â«∑”°“√§”π«≥ÕÕ°·∫∫„À¡à ‡æ◊ËÕ
∑’Ë®–‰¥â√–∫∫µàÕ≈ß¥‘π∑’Ëª√–À¬—¥·≈–ª≈Õ¥¿—¬ ·µà°“√ÕÕ°·∫∫¬—ß§ß∑”„π≈—°…≥–≈Õßº‘¥≈Õß∂Ÿ°∑”´È”À≈“¬§√—Èß
®÷ß∑”„Àâ°“√ÕÕ°·∫∫¬ÿàß¬“° —́∫ ấÕπ ¥—ßπ—Èπ∫∑§«“¡π’Èπ”‡ πÕ‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π ”À√—∫
 ∂“π’‰øøÑ“¬àÕ¬ ´÷Ëß‚ª√·°√¡¥—ß°≈à“«∂Ÿ° √â“ß¢÷Èπ·≈–æ—≤π“∫π‚ª√·°√¡ MATLAB ‚¥¬‚ª√·°√¡°“√ÕÕ°·∫∫π’È
 “¡“√∂‡≈◊Õ°«‘∏’°“√ÕÕ°·∫∫·∫∫∑—Ë«Ê ‰ª (conventional design method) ·≈–¬—ß “¡“√∂‡≈◊Õ°«‘∏’°“√ÕÕ°·∫∫
‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡ (optimal design method) [2] ‰¥â ‡æ◊ËÕª√–À¬—¥µ—«π”‰øøÑ“

∫∑§«“¡π’È· ¥ß«‘∏’°“√„™âß“π‚ª√·°√¡ · ¥ßº≈≈—æ∏å°“√ÕÕ°·∫∫∑—Èß Õß«‘∏’ ®“°π—Èππ”º≈≈—æ∏å°“√
ÕÕ°·∫∫∑’Ë‰¥â®“°∑—Èß Õß«‘∏’¡“‡ª√’¬∫‡∑’¬∫°—π ´÷Ëßæ∫«à“«‘∏’°“√ÕÕ°·∫∫‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“„Àâ‡À¡“–
 ¡ “¡“√∂≈¥ª√‘¡“≥·∑àßµ—«π”‰øøÑ“‰¥â¡“°∂÷ß√âÕ¬≈– 11.83 Õ’°∑—Èß¬—ß≈¥‡«≈“°“√ÕÕ°·∫∫®“°«‘∏’‡¥‘¡≈ßÕ¬à“ß¡“°
·≈–‚ª√·°√¡ “¡“√∂æ‘¡æåº≈≈—æ∏å ·≈–§à“∑’Ë„™â„π°“√ÕÕ°·∫∫‡°Á∫‡ªìπ¢âÕ¡Ÿ≈ (hard copy) ‰¥â πÕ°®“°π—Èπ
∫∑§«“¡π’È¬—ß‰¥âπ”‡ πÕ∑ƒ…Æ’ «‘∏’°“√ÕÕ°·∫∫ √«¡∑—Èßæ‘®“√≥“ªí®®—¬∑’Ë¡’º≈µàÕ§«“¡ª≈Õ¥¿—¬ ‚¥¬®–æ‘®“√≥“®“°
‡°≥±å·√ß¥—π‰øøÑ“ —¡º—  Ÿß ÿ¥ ·≈–‡°≥±å·√ß¥—π‰øøÑ“™à«ß°â“« Ÿß ÿ¥∑’Ë¡πÿ…¬å∑π‰¥â √«¡∑—Èßªí®®—¬Õ◊ËπÊ ∑’Ë¡’º≈µàÕ
‡°≥±å·√ß¥—π‰øøÑ“∑—Èß Õß ‡™àπ ¢π“¥·≈–®”π«πµ—«π”‰øøÑ“ √Ÿª√à“ß¢Õßµ–·°√ß °√–· ‰øøÑ“≈—¥«ß®√∑’Ëµ–·°√ß
§à“§«“¡µâ“π∑“π¥‘π ·≈–Õ◊ËπÊ ‚¥¬‚ª√·°√¡π’È “¡“√∂®”≈Õß°“√ÕÕ°·∫∫‡æ◊ËÕ∑¥≈Õßª√—∫‡ª≈’Ë¬πªí®®—¬µà“ßÊ ‡æ◊ËÕ
°“√‡√’¬π√Ÿâ·≈–»÷°…“«à“ªí®®—¬∑’Ëª√—∫‡ª≈’Ë¬ππ—Èπ àßº≈°√–∑∫µàÕ·√ß¥—π‰øøÑ“µ–·°√ß (mesh voltage) ·≈–·√ß¥—π
‰øøÑ“™à«ß°â“« (step voltage) „π∑‘»∑“ßÕ¬à“ß‰√
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When using economical principle to consider widely accepted the conventional method based

on the requirement of IEEE Std.80-2000 [1], many disadvantages have been found namely the

designed grounding system use too many conductors. This directly affects the cost of construction,

which is very high. Although the designer recognizes this problem and try to reduce conductors in

order to get the optimal design by decreasing factors influence safety and recalculating in order to get

the most valuable and safe grounding system design, however, the design is trial and error and it is

a numerical analysis method. Therefore, designing is complicated and complex. As a result, this article

presents an effective grounding system design program for substation. This program was created and

developed by MATLAB program. Using this program you can choose conventional design method or

optimal design method [2] to reduce the number of conductors and ensure the safety of substation.

This article also presents the instruction and results of such program for both two methods.

Afterward the comparison of two results will be presented, which found that the optimal design

method was able to reduce conductors for up to 11.83%. In addition, it reduces designing time much

more than the original method and the program is able to print out the hard copy as well. In addition

to article, theory and methods of safety design and effecting factors of grounding system design are

studied. Maximum touch & step voltage criteria are discussed. The program can vary value of various

factors for study that how effect to these voltages and program is simply designed for using, can

interface with designer by GUI, and produces results of design and using a little time for design which

is the advantages of this program.
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1. ∫∑π”

§«“¡ª≈Õ¥¿—¬¢Õß°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π ”À√—∫ ∂“π’‰øøÑ“¬àÕ¬µ“¡¡“µ√∞“π IEEE Std.80-2000 [1]

∂Ÿ°„™â‡ªìπ·π«∑“ß°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π°—πÕ¬à“ß·æ√àÀ≈“¬π—Èπ ¡’À≈—°‡°≥±åæ‘®“√≥“§«“¡ª≈Õ¥¿—¬®“°

‡°≥±å·√ß¥—π‰øøÑ“ 2 ª√–‡¿∑ §◊Õ ‡°≥±å·√ß¥—π‰øøÑ“ —¡º—  (touch voltage criteria) ·≈–‡°≥±å·√ß¥—π‰øøÑ“

™à«ß°â“« (step voltage criteria) ‚¥¬∂â“§à“·√ß¥—π‰øøÑ“µ–·°√ß·≈–·√ß¥—π‰øøÑ“™à«ß°â“«®“°°“√§”π«≥¡’§à“

πâÕ¬°«à“§à“‡°≥±å·√ß¥—π‰øøÑ“∑—Èß Õß∂◊Õ«à“√–∫∫µàÕ≈ß¥‘π∑’ËÕÕ°·∫∫‰¥âπ—Èπª≈Õ¥¿—¬ (safe) „π∑“ß°≈—∫°—π

∂â“§à“·√ß¥—π‰øøÑ“µ–·°√ß·≈–§à“·√ß¥—π‰øøÑ“™à«ß°â“«®“°°“√§”π«≥¡’§à“¡“°°«à“§à“‡°≥±å·√ß¥—π‰øøÑ“∑—Èß Õß

®–∂◊Õ«à“√–∫∫µàÕ≈ß¥‘π∑’ËÕÕ°·∫∫π—Èπ‰¡àª≈Õ¥¿—¬µàÕ∫ÿ§§≈∑’ËÕ¬Ÿà„πæ◊Èπ∑’Ë¢Õß ∂“π’‰øøÑ“ ´÷ËßºŸâÕÕ°·∫∫®–µâÕß°≈—∫‰ª

ª√—∫‡ª≈’Ë¬πª√‘¡“≥¢Õß·∑àßµ—«π”‰øøÑ“∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß√–∫∫µàÕ≈ß¥‘π ‡™àπ ‡æ‘Ë¡®”π«πµ—«π”‰øøÑ“„π·π«

√–π“∫·≈–·π«¥‘Ëß„Àâ¡“°¢÷Èπ ·≈â«‡√‘Ë¡°√–∫«π°“√°“√§”π«≥·≈–‡ª√’¬∫‡∑’¬∫„À¡àÕ’°§√—ÈßÀπ÷Ëß µ—«·ª√Àπ÷Ëß∑’Ëæ∫∫àÕ¬Ê

«à“ºŸâÕÕ°·∫∫¡—°®–ª√—∫„Àâ¡’§à“¡“°¢÷Èπ π—Ëπ§◊Õª√‘¡“≥À√◊Õ®”π«π·∑àßµ—«π”‰øøÑ“∑—Èßµ—«π”‰øøÑ“·π«¥‘Ëß·≈–µ—«π”

‰øøÑ“·π«√“∫ ·µà°“√‡æ‘Ë¡®”π«πµ—«π”‰øøÑ“„Àâ¡“°‡¢â“‰«â æ∫«à“√–∫∫µàÕ≈ß¥‘π∑’ËÕÕ°·∫∫π—Èπ®–¬‘Ëß¡’§«“¡

ª≈Õ¥¿—¬¡“°¢÷Èπ ·µàºŸâÕÕ°·∫∫®–µâÕßæ‘®“√≥“º≈®“°°“√‡æ‘Ë¡ª√‘¡“≥·∑àßµ—«π”‰øøÑ“µ“¡À≈—°‡»√…∞»“ µ√å¥â«¬«à“

°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë„Àâº≈∑’Ëª≈Õ¥¿—¬π—Èπ ¡’°“√„™â·∑àßµ—«π”‰øøÑ“„πª√‘¡“≥∑’Ë¡“°‡°‘π§«“¡®”‡ªìπÀ√◊Õ‰¡à

‡æ√“–√–∫∫µàÕ≈ß¥‘π∑’Ë¥’π—Èπ§«√®–¡’§«“¡ª≈Õ¥¿—¬ „π¢≥–‡¥’¬«°—π°Á§«√®–¡’µâπ∑ÿπ„π°“√ √â“ß∑’ËµË”∑’Ë ÿ¥¥â«¬ ´÷Ëß

∫àÕ¬§√—Èßæ∫«à“ºŸâÕÕ°·∫∫®–µâÕß∑”°“√§”π«≥ÕÕ°·∫∫„π≈—°…≥–≈Õßº‘¥≈Õß∂Ÿ° (trial and error) À≈“¬Ê §√—Èß

‡æ◊ËÕ„Àâ‰¥âº≈≈—æ∏å∑’Ëª≈Õ¥¿—¬·≈–„™âª√‘¡“≥·∑àßµ—«π”‰øøÑ“∑’ËæÕ‡À¡“–¥â«¬ ®“°·π«§‘¥·≈–ªí≠À“¥—ß°≈à“«®÷ß‡ªìπ

∑’Ë¡“¢Õßß“π«‘®—¬™‘Èππ’È ‡æ◊ËÕµâÕß°“√·°âªí≠À“∑’Ë‡°‘¥¢÷Èπ„π¢—ÈπµÕπ¢Õß°“√ÕÕ°·∫∫ ´÷Ëßß“π«‘®—¬™‘Èππ’Èπ”‡ πÕ„π¥â“π

°“√ √â“ß‚ª√·°√¡°“√ÕÕ°·∫∫‡æ◊ËÕ„Àâ “¡“√∂ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π¥â«¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡‰¥â

(optimal grounding system design) [2] πÕ°®“°°“√ÕÕ°·∫∫‚¥¬«‘∏’∑—Ë«Ê ‰ª [1] ‡æ◊ËÕ„Àâ°“√ÕÕ°·∫∫π—Èπ¡’

∑‘»∑“ß∑’Ë∂Ÿ°µâÕß·≈– Õ¥√—∫°—∫ªí≠À“∑’Ë‡°‘¥¢÷Èπ„π°√–∫«π°“√°“√ÕÕ°·∫∫ ´÷Ëß®–µâÕßæ‘®“√≥“°“√ÕÕ°·∫∫„Àâ

§√Õ∫§≈ÿ¡µ“¡À≈—°«‘»«°√√¡ À≈—°‡»√…∞»“ µ√å ·≈–√–¬–‡«≈“°“√ÕÕ°·∫∫ ‚¥¬µâÕß≈¥≈ß®“°‡¥‘¡∑’Ë§”π«≥·≈–

ÕÕ°·∫∫„π≈—°…≥–≈Õßº‘¥≈Õß∂Ÿ°Õ’°¥â«¬

2. ∑ƒ…Æ’·≈–À≈—°°“√ÕÕ°·∫∫√–∫∫°“√µàÕ≈ß¥‘π

∑ƒ…Æ’·≈–À≈—°°“√´÷Ëß∂Ÿ°π”¡“„™âª√–¬ÿ°µå„π°“√ √â“ß‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫°“√µàÕ≈ß¥‘π®–Õâ“ßÕ‘ß

µ“¡¡“µ√∞“π IEEE Std.80-2000 [1] ·≈–‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡ [2] ¥—ßµàÕ‰ªπ’È

2.1 À≈—°°“√ÕÕ°·∫∫µ“¡¡“µ√∞“π IEEE Std.80-2000 [1]
°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π ”À√—∫ ∂“π’‰øøÑ“¬àÕ¬π—Èπ®–æ‘®“√≥“∑’Ë§«“¡ª≈Õ¥¿—¬µàÕ∫ÿ§§≈∑’ËÕ¬Ÿà

¿“¬„π ∂“π’‰øøÑ“‡ªìπÀ≈—° ‚¥¬µ—«·ª√∫àß™’È«à“°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘ππ—Èπ¡’¡“µ√∞“π ·≈–¡’§«“¡ª≈Õ¥¿—¬

Õ¬à“ß‰√π—Èπ ®–æ‘®“√≥“®“°‡°≥±å·√ß¥—π‰øøÑ“ —¡º— ·≈–‡°≥±å·√ß¥—π‰øøÑ“™à«ß°â“« (touch and step voltage

criteria: Etouch, Estep) [1] ´÷Ëß§”π«≥‰¥â®“° Ÿµ√§”π«≥µ“¡¡“µ√∞“π¢Õß°“√ÕÕ°·∫∫ ·≈–π”§à“¢Õß·√ß¥—π

‰øøÑ“∑—Èß Õß¡“„™â‡ªìπ‡°≥±å§«“¡ª≈Õ¥¿—¬ ‡æ◊ËÕ„™â‡ª√’¬∫‡∑’¬∫°—∫§à“·√ß¥—π‰øøÑ“µ–·°√ß (mesh voltage: E
m
) ·≈–
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§à“·√ß¥—π‰øøÑ“™à«ß°â“« (step voltage: Es) ´÷Ëß·√ß¥—π‰øøÑ“∑—Èß Õß (Em, Es) ®–‡ªìπ§à“∑’Ë§”π«≥‰¥â®“°°“√

ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π ‚¥¬·√ß¥—π‰øøÑ“∑—Èß Õß®–¡’§à“¡“°À√◊ÕπâÕ¬®–¢÷ÈπÕ¬Ÿà°—∫°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π«à“¡’

®”π«π·≈–¢π“¥¢Õß·∑àßµ—«π”‰øøÑ“ √Ÿª√à“ß¢Õßµ–·°√ßµàÕ≈ß¥‘π ·≈–§«“¡∂’Ë¢Õß™àÕßµ–·°√ß‡ªìπÕ¬à“ß‰√ ´÷Ëß

°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë¥’π—Èπ®–µâÕß¡’§à“§«“¡µâ“π∑“π¢Õßµ–·°√ßµàÕ≈ß¥‘π∑’ËµË”∑’Ë ÿ¥ ∑—Èßπ’È‡æ◊ËÕ„Àâ°“√‰À≈¢Õß

°√–· ‰øøÑ“∑’Ëº‘¥æ√àÕß (fault Current) π—Èπ “¡“√∂°√–®“¬≈ß¥‘π‰¥â¥’ ·≈–¬—ß “¡“√∂≈¥·√ß¥—π‰øøÑ“µ–·°√ß (Em)

·≈–·√ß¥—π‰øøÑ“™à«ß°â“« (Es) ‰¥âÕ’°¥â«¬ ´÷Ëß§à“§«“¡µâ“π∑“π∑’ËµË”∑’Ë ÿ¥¢Õß√–∫∫µàÕ≈ß¥‘π®–·ª√º°º—π°—∫®”π«π

æ◊Èπ∑’ËÀπâ“µ—¥¢Õß·∑àßµ—«π”‰øøÑ“∑’Ëπ”¡“„™â∑”√–∫∫µàÕ≈ß¥‘π  πÕ°®“°π—Èπ°“√≈¥§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π°Á

‡ªìπÕ’°«‘∏’Àπ÷Ëß∑’Ë “¡“√∂™à«¬„Àâ°“√‰À≈¢Õß°√–· ‰øøÑ“∑’Ëº‘¥æ√àÕß “¡“√∂°√–®“¬≈ß Ÿà¥‘π‰¥â¥’¢÷Èπ ´÷Ëß«‘∏’°“√∑”„Àâ

§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π≈¥≈ß [9] π—ÈπÕ¬ŸàπÕ°¢Õ∫‡¢µ¢Õß∫∑§«“¡π’È

„π§«“¡‡ªìπ®√‘ßµ“¡∏√√¡™“µ‘‡¡◊ËÕæ‘®“√≥“¥‘π≈÷°≈ß‰ª„π·π«¥‘Ëß®–æ∫«à“ ¥‘π®–¡’§à“§«“¡µâ“π∑“π∑’Ë

·µ°µà“ß°—π„π·µà≈–√–¥—∫§«“¡≈÷° ‡æ√“–¥‘π¡“®“°Õß§åª√–°Õ∫∑’Ë¡’§à“§«“¡µâ“π∑“π∑’Ë·µ°µà“ß°—π„π·µà≈–

µ”·Àπàß¢Õßæ◊Èπ∑’Ë·≈–§«“¡≈÷° ¥—ßπ—Èπ®÷ßæ‘®“√≥“¥‘π„Àâ¡’≈—°…≥–‡ªìπ™—Èπ¥‘π ‚¥¬·¬°™—Èπµ“¡§à“§«“¡µâ“π∑“π ´÷Ëß

®–æ∫«à“‡¡◊ËÕ·¬°™—Èπ¥‘πµ“¡§à“§«“¡µâ“π∑“π·≈â« ®–‡°‘¥™—Èπ¥‘π‡ªìπ®”π«π¡“° ®÷ßæ‘®“√≥“¥‘π≈—°…≥–π’È«à“‡ªìπ

·∫∫®”≈Õß¥‘πÀ≈“¬™—Èπ (multi-layer soil model) °≈à“«§◊Õ æ‘®“√≥“¥‘πµ—Èß·µà¥‘π™—Èπ∑’Ë 1 (ρ1) ®π∂÷ß¥‘π™—Èπ∑’Ë n (ρn)

¡“§”π«≥ÕÕ°·∫∫ ´÷Ëß°“√ÕÕ°·∫∫‚¥¬æ‘®“√≥“¥‘π„π≈—°…≥–¥—ß°≈à“«§àÕπ¢â“ß √â“ß§«“¡¬ÿàß¬“°´—∫´âÕπ„π°“√

ÕÕ°·∫∫®√‘ß ‡æ√“–µâÕß§”π«≥‚¥¬«‘∏’ Numerical Method ¡“√à«¡¥â«¬ ¥—ßπ—Èπ‡æ◊ËÕ§«“¡ßà“¬·≈–‡À¡“–°—∫°“√

‰ª„™â„π°“√ÕÕ°·∫∫®√‘ß„π∑“ßªØ‘∫—µ‘ ®÷ßæ‘®“√≥“¥‘π·§à‡æ’¬ß™—Èπ‡¥’¬« §◊Õ æ‘®“√≥“¥‘π∑’Ë¡’§à“§«“¡µâ“π∑“πÀ≈“¬Ê

§à“„Àâ‡ªìπ‡æ’¬ß§à“Ê ‡¥’¬« ‚¥¬°“√„™â¡‘‡µÕ√å«—¥·≈–‡©≈’Ë¬§à“§«“¡µâ“π∑“π [1] ´÷Ëß‡√’¬°¥‘π≈—°…≥–¥—ß°≈à“««à“ ¥‘π∑’Ë

¡’°“√°√–®“¬§à“§«“¡µâ“π∑“π ¡Ë”‡ ¡Õ (uniform soil) ·≈â«π”¡“§”π«≥ ´÷Ëßº≈≈—æ∏å∑’Ë‰¥â®–¡’§à“§≈“¥‡§≈◊ËÕπÕ¬Ÿà

∫â“ß ·µà°Á‡ªìπ§à“§≈“¥‡§≈◊ËÕπ∑’Ë¬Õ¡√—∫‰¥â ¥—ßπ—Èπ‡¡◊ËÕæ‘®“√≥“ [1] ®–æ∫«à“‡ªìπ°“√æ‘®“√≥“¥‘π‡æ’¬ß™—Èπ‡¥’¬« §◊Õ ™—Èπ

¥‘π∑’Ë¡’°“√°√–®“¬§à“§«“¡µâ“π∑“π ¡Ë”‡ ¡Õ∑’Ë¡’§à“§«“¡µâ“π∑“π®”‡æ“–‡ªìπ ρ ·≈–ªŸ¥â«¬«— ¥ÿ‚√¬º‘«¥‘π (crushed

rock layer) ∑’Ë¡’§à“§«“¡µâ“π∑“π‡ªìπ ρs ‡æ◊ËÕµâÕß°“√„Àâ‡°≥±å·√ß¥—π‰øøÑ“∑’Ë¡πÿ…¬å∑π‰¥âπ—Èπ¡’§à“ Ÿß¢÷Èπ ´÷Ëß®–

∑”„Àâ¡’§«“¡ª≈Õ¥¿—¬¡“°¢÷Èπ ‚¥¬≈—°…≥–¢Õßµ–·°√ßµàÕ≈ß¥‘π·≈–™—Èπ¥‘π· ¥ß¥—ß√Ÿª∑’Ë 1

¢—ÈπµÕπ°“√ÕÕ°·∫∫µ“¡¡“µ√∞“π IEEE Std.80-2000 [1]

≈”¥—∫¢—ÈπµÕπ°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘πµ“¡¡“µ√∞“π IEEE Std.80-2000 [1] ´÷Ëß· ¥ßµ“¡·ºπ¿Ÿ¡‘

¥—ß√Ÿª∑’Ë 2 [1] ¡’√“¬≈–‡Õ’¬¥°“√ÕÕ°·∫∫¥—ßπ’È

¢—ÈπµÕπ∑’Ë 1  ”√«®æ◊Èπ∑’Ë‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈¡“‡æ◊ËÕ„™â„π°“√§”π«≥„π¢—ÈπµÕπÕ◊ËπÊ µàÕ‰ª

¢—ÈπµÕπ∑’Ë 2 §”π«≥À“¢π“¥µ—«π”‰øøÑ“ ”À√—∫π”¡“∑”√–∫∫µàÕ≈ß¥‘π

¢—ÈπµÕπ∑’Ë 3 §”π«≥À“‡°≥±å·√ß¥—π‰øøÑ“ —¡º—  (Etouch) ·≈–‡°≥±å·√ß¥—π‰øøÑ“™à«ß°â“« (Estep)

 Ÿß ÿ¥∑’Ë¡πÿ…¬å∑π‰¥â

¢—ÈπµÕπ∑’Ë 4 °“√ÕÕ°·∫∫‡∫◊ÈÕßµâπ (initial design)

¢—ÈπµÕπ∑’Ë 5 §”π«≥À“§à“§«“¡µâ“π∑“πµ–·°√ßµàÕ≈ß¥‘π (resistance of grounding system: Rg)

¢—ÈπµÕπ∑’Ë 6 §”π«≥À“§à“¢Õß°√–· ‰øøÑ“∑’Ëµ–·°√ß Ÿß ÿ¥ (maximum grid current: IG)
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Soil Layer& Soil Resistivity ρ

Thickness of Crushed
Rock Surfacing  hs   
& Crushed Rock Resistivity ρs

Ground Grid

Depth of Grid burial  h   

GRID CURRENT

MESH & STEP VOLTAGE
Em, Es, Km, Ks, Ki, Kii, Kh

IG, tf

IGRS < Etouch

Em < Etouch

Es < Estep

DETAIL DESIGN

GRID CURRENT

MODIFY DESIGN
Dm, Le, Li

STEP1

STEP2

STEP3

STEP4

STEP7

STEP6

STEP5

STEP8

STEP9

STEP10

STEP12

STEP11

YES

NO

NO

NO

FIELD DATA
A, ρ 

CONDUCTOR SIZE
31o, tc, d

TOUCH & STEP CRITERIA
Etouch50 or 70, Estep50 or 70

INITIAL DESIGN
D, n, Lc, Lt, h

GRID RESISTANCE
Rs, Lc, LR

YES

YES

√Ÿª∑’Ë 1          ™—Èπ¥‘π·≈–§à“§«“¡µâ“π∑“π [1] √Ÿª∑’Ë 2  ·ºπ¿Ÿ¡‘°“√ÕÕ°·∫∫ [1]

¢—ÈπµÕπ∑’Ë 7 §”π«≥À“§à“ ground potential rise (GPR) ∂â“¡’§à“πâÕ¬°«à“‡°≥±å·√ß¥—π‰øøÑ“

 —¡º—  (Etouch) „π¢—ÈπµÕπ∑’Ë 3 „Àâ¢â“¡‰ª∑”¢—ÈπµÕπ∑’Ë 12

¢—ÈπµÕπ∑’Ë 8 §”π«≥À“§à“·√ß¥—π‰øøÑ“µ–·°√ß (Em) ·≈–·√ß¥—π‰øøÑ“™à«ß°â“« (Es) ´÷Ëß„π°“√∑”

¢—ÈπµÕππ’È®–µâÕßæ‘®“√≥“∂÷ß≈—°…≥–√Ÿª√à“ß¢Õßµ–·°√ßÀ√◊Õ¢Õßæ◊Èπ∑’Ë

¢—ÈπµÕπ∑’Ë 9 ‡ª√’¬∫‡∑’¬∫§à“·√ß¥—π‰øøÑ“µ–·°√ß (Em) ∑’Ë‰¥â§”π«≥„π¢—ÈπµÕπ∑’Ë 8 °—∫§à“‡°≥±å

·√ß¥—π‰øøÑ“ —¡º—  (Etouch) „π¢—ÈπµÕπ∑’Ë 3 ‚¥¬∂â“ Em < Etouch „Àâ∑”„π¢—ÈπµÕπ∑’Ë 10

·µà∂â“‡ß◊ËÕπ‰¢¥—ß°≈à“«‰¡à‡ªìπ®√‘ß„Àâ¢â“¡‰ª¢—ÈπµÕπ∑’Ë 11

¢—ÈπµÕπ∑’Ë 10 ‡ª√’¬∫‡∑’¬∫§à“·√ß¥—π‰øøÑ“™à«ß°â“« (Es) ∑’Ë‰¥â§”π«≥„π¢—ÈπµÕπ∑’Ë 8 °—∫§à“‡°≥±å

·√ß¥—π‰øøÑ“™à«ß°â“«„π¢—ÈπµÕπ∑’Ë 3 ‚¥¬∂â“ Es < Estep „Àâ∑”„π¢—ÈπµÕπ∑’Ë 10 ·µà∂â“

‡ß◊ËÕπ‰¢¥—ß°≈à“«‰¡à‡ªìπ®√‘ß„Àâ¢â“¡‰ª¢—ÈπµÕπ∑’Ë 11

¢—ÈπµÕπ∑’Ë 11 ª√—∫ª√ÿß°“√ÕÕ°·∫∫ ‡™àπ ‡æ‘Ë¡ª√‘¡“≥µ—«π”‰øøÑ“∑’Ë„™â„π√–∫∫„Àâ¡“°¢÷Èπ ≈¥√–¬–

Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“À√◊Õ™àÕßµ–·°√ß„ÀâπâÕ¬≈ß‡æ◊ËÕ≈¥§à“»—°¬å‰øøÑ“∑’Ëº‘«¥‘π

(gradient voltage) À√◊ÕÕ“®®–‡æ‘Ë¡·∑àßµ—«π”‰øøÑ“„π·π«¥‘Ëß (ground rod) °Á‰¥â

®“°π—Èπ°Á°≈—∫‰ª Ÿà¢—ÈπµÕπ∑’Ë 1 „À¡à‡æ◊ËÕ‡¢â“ Ÿà°√–∫«π°“√µ√«® Õ∫À“§«“¡ª≈Õ¥¿—¬

Õ’°§√—Èß

¢—ÈπµÕπ∑’Ë 12 ÕÕ°·∫∫„π√“¬≈–‡Õ’¬¥ °≈à“«§◊Õ °“√ÕÕ°·∫∫∑—ÈßÀ¡¥ºà“π°“√µ√«® Õ∫·≈â««à“°“√

ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë‰¥â°√–∑”¡“π—Èπª≈Õ¥¿—¬ ®“°π’È®–‡ªìπ°“√®—¥«“ßµ”·Àπàß

¢ÕßÕÿª°√≥å‰øøÑ“‡Àπ◊Õµ–·°√ßµàÕ≈ß¥‘π °“√µàÕ‡™◊ËÕ¡ “¬¥‘π‡¢â“‰ª¬—ßµŸâ§«∫§ÿ¡‰øøÑ“

À√◊Õ≈“π‰°‰øøÑ“ °“√∑”∫— µàÕ≈ß¥‘π ´÷Ëß®–µâÕß∑”§«∫§Ÿà‰ª°—∫°“√µ‘¥µ—ÈßÕÿª°√≥å‰øøÑ“
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2.2 À≈—°°“√ÕÕ°·∫∫‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡
              ®“°°“√æ‘®“√≥“°“√§âπ§«â“«‘®—¬¢Õß [2] æ∫«à“‡ªìπ°“√»÷°…“·∫∫®”≈Õß¥‘π Õß™—Èπ (double layer

soil model) ‚¥¬·¬°æ‘®“√≥“‡ªìπ¥‘π™—Èπ∫π (upper-layer soil) ·≈–¥‘π™—Èπ≈à“ß (bottom-layer soil) ¥—ßπ—Èπ∂â“

µâÕß°“√π”º≈°“√§âπ§«â“«‘®—¬¢Õß [2] ¡“ª√–¬ÿ°µå„™â„Àâ‡ªìπ·∫∫®”≈Õß¥‘π™—Èπ‡¥’¬«π—Èπ “¡“√∂∑”‰¥â‚¥¬°“√

æ‘®“√≥“ ¡°“√ K = (ρ
2
-ρ

1
) / (ρ

2
+ρ

1
) ‚¥¬ ¡°“√π’È‡ªìπ ¡°“√‡©æ“– ”À√—∫¥‘π™—Èπ∫π·≈–¥‘π™—Èπ≈à“ß ®“°π—Èπ

°”Àπ¥„Àâ§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π™—Èπ≈à“ß (ρ
2
) ¡’§à“‡∑à“°—∫§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π™—Èπ∫π (ρ

1
) ‡æ√“–

‰¡àæ‘®“√≥“¥‘π·¬°™—Èπ°—π ¥—ßπ—Èπ§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π®÷ß¡’‡æ’¬ß§à“‡¥’¬« ∑”„Àâ K ¡’§à“‡ªìπ»Ÿπ¬å ¥—ßπ—Èπ®÷ß

æ‘®“√≥“∑’Ë K  ¡’§à“‡ªìπ»Ÿπ¬å æ‘®“√≥“°√“ø√Ÿª∑’Ë 3 ·≈–√Ÿª∑’Ë 4 ¢Õß [2]

°“√ÕÕ°·∫∫¡’À≈—°°“√µ√ß∑’Ë≈¥°“√„™â®”π«π·∑àßµ—«π”‰øøÑ“≈ß®“°«‘∏’°“√‡¥‘¡ [1] ·≈â«„™â‡∑§π‘§

°“√®—¥√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“À√◊Õ√–¬–™àÕßµ–·°√ß„Àâ¡’√–¬–∑’Ë·µ°µà“ß°—π‰ª [3] ¥—ß√Ÿª∑’Ë 3 ‚¥¬∑’Ë»—°¬å

‰øøÑ“∑’Ë°√–®“¬∫πº‘«¥‘ππ—Èπ¬—ß¡’§à“∑’Ë‡∑à“°—π ´÷Ëßµà“ß®“°À≈—°°“√‡¥‘¡ [1] ∑’Ë®–°”Àπ¥„Àâ™àÕßµ–·°√ß¡’√–¬–∑’Ë‡∑à“°—π

À¡¥ ‚¥¬ Sverak [7] ‡ªìπ§π·√°∑’Ë‡ πÕ·π«§‘¥°“√®—¥√–¬–Àà“ß·∑àßµ—«π”‰øøÑ“„π·π«√“∫∑’Ë‰¡à‡∑à“°—π Dawalibi

·≈– Mukhedkar [4-6] ‡§¬∂°‡∂’¬ß„π‡√◊ËÕß°“√®—¥·∑àßµ—«π”‰øøÑ“„π·π«√“∫¢Õßµ–·°√ßµàÕ≈ß¥‘π∑’Ë‡À¡“– ¡

∑’Ë ÿ¥

°àÕπ°“√ÕÕ°·∫∫®–µâÕß°”Àπ¥·≈–æ‘®“√≥“°“√®—¥«“ß·∑àßµ—«π”‰øøÑ“¢Õßµ–·°√ßµàÕ≈ß¥‘π„π

·π«√“∫ ·≈–®”π«π¢Õß·∑àßµ—«π”‰øøÑ“ °“√®—¥«“ß·∑àßµ—«π”‰øøÑ“®–„™âÀ≈—°°“√®—¥√–¬–Àà“ß·∑àßµ—«π”‰øøÑ“„π

·π«√“∫∑’Ë‰¡à‡∑à“°—π ÷́Ëß‡√’¬°«à“ Unequal Span Arrangement [3] ´÷Ëß‡ªìπ°“√®—¥·∑àßµ—«π”‰øøÑ“‡ªìπ·∫∫

Exponent Regularity §◊Õ ‡ªìπ°“√®—¥µ–·°√ß„Àâ√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”¡’§à“≈¥≈ß‡√◊ËÕ¬Ê ®“°µ”·Àπàß

»Ÿπ¬å°≈“ßµ–·°√ß¡“¬—ß¢Õ∫¢Õßµ–·°√ß ¥—ß√Ÿª∑’Ë 3 ‚¥¬∑’Ë√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß»Ÿπ¬å°≈“ß

¢Õßµ–·°√ßµàÕ≈ß¥‘π (dmax) ÷́Ëß‡ªìπ√–¬–Àà“ß¡“°∑’Ë ÿ¥π—Èπ “¡“√∂À“‰¥â®“° ¡°“√∑’Ë (1) ∂â“®”π«π·∑àßµ—«π”

‰øøÑ“‡ªìπ®”π«π§Ÿà ·≈–®“° ¡°“√∑’Ë (2) ∂â“®”π«π·∑àßµ—«π”‰øøÑ“‡ªìπ®”π«π§’Ë ∂—¥®“°™àÕßµ–·°√ßµ√ß°≈“ß¡“

∑“ß¥â“π´â“¬·≈–∑“ß¥â“π¢«“ ®–°”Àπ¥„Àâ‡ªìπ√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß„¥Ê (dn) ®π ÿ¥§«“¡

¬“«¢Õßæ◊Èπ∑’Ë∑’Ë„™â √â“ß√–∫∫µàÕ≈ß¥‘π (L) ¥—ß√Ÿª∑’Ë 3 ‚¥¬√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß„¥Ê (dn) À“

‰¥â®“° ¡°“√∑’Ë (3)

d
4

d
4

d
1

d
2

d
3

d
3

d
2

d
1

d
max

L

√Ÿª∑’Ë 3  °“√®—¥µ–·°√ßµàÕ≈ß¥‘π·∫∫ Exponent Regularity [2]
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                                                                      ‡¡◊ËÕ N ‡ªìπ®”π«π§Ÿà

(1)

‡¡◊ËÕ N ‡ªìπ®”π«π§’Ë

(2)

‡¡◊ËÕ·∑àßµ—«π”‰øøÑ“‰¥â®—¥„π√Ÿª·∫∫¢Õß Exponent Regularity ¥—ßπ—Èπ√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”

‰øøÑ“∑’Ëµ”·Àπàß„¥Ê ®“°®ÿ¥»Ÿπ¬å°≈“ß¢Õßµ–·°√ß §◊Õ

(3)

‡¡◊ËÕ C §◊Õ Õ—µ√“ à«π°“√∫’∫ (The Compression Ratio)

 ”À√—∫æ◊Èπ∑’Ë√Ÿª ’Ë‡À≈’Ë¬¡®—µÿ√—  §à“√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß»Ÿπ¬å°≈“ß¢Õßµ–·°√ß

µàÕ≈ß¥‘π (dmax) ·≈–√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß„¥Ê (dn) ∑’Ë§”π«≥‰¥â®“°§«“¡¬“«¥â“π¥â“πÀπ÷Ëß

 “¡“√∂π”§à“∑’Ë‰¥â‰ª®—¥√–¬–Àà“ß·∑àßµ—«π”‰øøÑ“ ”À√—∫¥â“πÕ’°¥â“πÀπ÷Ëß‰¥â¥â«¬ ·µàæ◊Èπ∑’Ë√Ÿª ’Ë‡À≈’Ë¬¡º◊πºâ“®–µâÕß

§”π«≥À“§à“√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß»Ÿπ¬å°≈“ß¢Õßµ–·°√ßµàÕ≈ß¥‘π (dmax) ·≈–√–¬–Àà“ß

√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß„¥Ê (dn) ·¬°®“°°—π ‡π◊ËÕß®“°§«“¡¬“«¥â“ππ—Èπ¡’§à“‰¡à‡∑à“°—π

°“√§”π«≥À“§à“Õ—µ√“ à«π°“√∫’∫∑’Ë‡À¡“– ¡
„π°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π —ß‡°µ‡ÀÁπ‰¥â«à“ §à“∑’Ë‰¥â®“°°“√§”π«≥À√◊Õ°“√«—¥·√ß¥—π‰øøÑ“¿“¬

À≈—ß°“√ÕÕ°·∫∫™à«ß°â“«®–¡’§à“µË”°«à“·√ß¥—π‰øøÑ“ —¡º— ‡ ¡Õ ¥—ßπ—Èπ„π°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π®–æ‘®“√≥“

‡æ’¬ß§à“·√ß¥—π‰øøÑ“ —¡º— ∑’Ë¡“°∑’Ë ÿ¥‡∑à“π—Èπ ∂â“§à“·√ß¥—π‰øøÑ“ —¡º— Õ¬Ÿà„π¬à“π∑’Ëª≈Õ¥¿—¬·≈â« ·√ß¥—π‰øøÑ“™à«ß

°â“«°Á®–Õ¬Ÿà„π¬à“π∑’Ëª≈Õ¥¿—¬¥â«¬‡™àπ°—π

°“√§”π«≥À“Õ—µ√“ à«π°“√∫’∫∑’Ë‡À¡“– ¡ (Optimum Compression Ratio: OCR) ∂Ÿ°π‘¬“¡®“°

[2-7] §◊Õ Õ—µ√“ à«π°“√∫’∫ (C) ∑’Ë§à“·√ß¥—π‰øøÑ“ —¡º— ¡’§à“µË”∑’Ë ÿ¥ „π¢≥–‡¥’¬«°—π§à“§«“¡µâ“π∑“π¥‘π®–¡’§à“∑’Ë

µË”∑’Ë ÿ¥¥â«¬ ·µà§à“¢Õß·√ß¥—π‰øøÑ“™à«ß°â“«∫“ß∑’Õ“®®–¬—ß‰¡à„™à§à“∑’ËµË”∑’Ë ÿ¥ ·µà°Á‡¢â“„°≈â§à“∑’ËµË”∑’Ë ÿ¥ ´÷ËßÕ¬à“ß‰√

°Áµ“¡°Á¬—ß§ßÕ¬Ÿà„π¬à“π∑’Ëª≈Õ¥¿—¬ [2]

‚¥¬ OCR ¡’§«“¡ —¡æ—π∏å°—∫§«“¡Àπ“¢Õß¥‘π™—Èπ∫π (h) ·≈–  —¡ª√– ‘∑∏‘Ï°“√ –∑âÕπ°≈—∫ (Reflec-

tive Coefficient: K) [2] ¥—ß ¡°“√µàÕ‰ªπ’È

(4)

    1+C − 2C

 L(1−C)
d

(N/2+1)max
=

d
n

d
max

C
n

=

OCR a
0
 + a

1
exp(0.0001 h) + a

2
 exp(bh)=

 L(1−C)

   2(1 − C              )
(N-1)/2

 
    d

max
=
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‡¡◊ËÕ

§à“ —¡ª√– ‘∑∏‘Ï ”À√—∫·∑π ¡°“√ (4) ®– —¡æ—π∏å°—∫§«“¡¬“«¥â“π∑’Ë√–¬–µà“ßÊ ¥—ßµ“√“ß∑’Ë 1

µ“¡ ¡°“√∑’Ë (1)-(4) ∂â“ºŸâÕÕ°·∫∫∑√“∫§«“¡¬“«¥â“π¢Õßæ◊Èπ∑’Ë∑’Ë„™â √â“ß√–∫∫µàÕ≈ß¥‘π ·≈–

æ‘®“√≥“™—Èπ¥‘π‡ªìπ·∫∫®”≈Õß¥‘π Õß™—Èπ ®“°π—ÈπÀ“§à“ OCR µ“¡ ¡°“√∑’Ë (4) ·≈–®—¥«“ß·∑àßµ—«π”‰øøÑ“µ“¡ ¡°“√

∑’Ë (1)-(3) ®–‰¥â√–∫∫µàÕ≈ß¥‘π ”À√—∫ ∂“π’‰øøÑ“¬àÕ¬∑’Ëª√–À¬—¥µ—«π”‰øøÑ“·≈–ª≈Õ¥¿—¬ [2] ·µà∂â“ºŸâÕÕ°·∫∫

æ‘®“√≥“¥‘π‡ªìπ·∫∫¥‘π™—Èπ‡¥’¬«§à“ —¡ª√– ‘∑∏‘Ï∑’Ë„™â®–¡’§à“¥—ßπ’È §◊Õ a0 = a01, a1 = a11 ·≈– a2 = a21 ‡π◊ËÕß®“°

æ‘®“√≥“§à“ K „Àâ‡ªìπ»Ÿπ¬å

3. ‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π

¢âÕ¡Ÿ≈®”‡æ“– §ÿ≥ ¡∫—µ‘¢Õß‚ª√·°√¡ ·≈–§«“¡ “¡“√∂¢Õß‚ª√·°√¡¡’¥—ßπ’È

3.1 §ÿ≥ ¡∫—µ‘¢Õß‚ª√·°√¡
3.1.1 §«“¡µâÕß°“√¢Õß√–∫∫

‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘ππ’È‡ªìπ‚ª√·°√¡∑’Ë∑”ß“π∫π√–∫∫ªØ‘∫—µ‘°“√ Window 9x

À√◊Õ Window XP ´÷Ëß∑”ß“π∫π‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å∑’Ë¡’§ÿ≥ ¡∫—µ‘Õ¬à“ßπâÕ¬¥—ßπ’È

- Pentium, Pentium Pro, Pentium II-IV, Intel Xeon, AMD Athlon À√◊Õ Athlon XP

- Microsoft Windows 98, Windows ME, Windows NT 4.0, Windows 2000 À√◊Õ

Windows XP

- 128 MB Ram minimum, 256 MB RAM recommended

- Hard disk 256 MB minimum

- 8 bit graphics adapter and display (for 256 simultaneous colors)

µ“√“ß∑’Ë 1  §à“ —¡ª√– ‘∑∏‘Ï ”À√—∫ ¡°“√ (4)

Coefficients L  ≤100 m 100 m < L  ≤ 175 m 175 m < L  ≤ 250 m L  > 250 m

a01 0.44 0.38 -0.51 0.32

a02 -77.43 -50.65 -33.81 -15.41

a03 15.63 13.88 18.49 13.42
a11 0.033 0.19 1.15 0.38
a12 76.9 50.21 32.82 15.16

a13 -15.56 -13.83 -18.44 -13.38

a21 -1.167 -0.037 -0.029 -0.022
a22 0.50 0.41 0.34 0.26

b 0.3503 - 9.6311exp(-0.03666L)=

a
0

a
01

 + a
02

K + a
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 K
2

=

a
1

a
11

 + a
12

K + a
13

 K
2

=

a
2

a
21

 + a
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K =
{



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548 417

3.1.2 ¢âÕ¥’¢Õß‚ª√·°√¡ MATLAB

1. ¡’øíß°å™—π§≥‘µ»“ µ√å„Àâ‡≈◊Õ°„™â„π°“√§”π«≥¡“°¡“¬ ·≈–¬—ß “¡“√∂ √â“ßøíß°å™—π¢÷Èπ¡“

„™âß“π‰¥â

2. Õ—≈°Õ√‘∑÷¡ (algorithm) æ—≤π“‰¥âßà“¬  “¡“√∂·°â‰¢ªí≠À“∑“ß¥â“π§≥‘µ»“ µ√å∑’Ë¡’§«“¡

´—∫´âÕπ‰¥âßà“¬ ·≈–√«¥‡√Á«°«à“‚ª√·°√¡¿“…“Õ◊ËπÊ ‡™àπ C, Fortran À√◊Õ Basic ‡ªìπµâπ

3. ¡’‚§√ß √â“ß·∫∫®”≈Õß (simulink) ´÷Ëß‡ªìπ package ∑’Ë “¡“√∂π”‰ª √â“ß∫≈ÁÕ°

‰¥Õ–·°√¡‡æ◊ËÕ„™â∑¥ Õ∫·≈–ª√–‡¡‘πº≈√–∫∫ Dynamic µà“ßÊ °àÕππ”‰ª„™âß“π®√‘ß

4. ¥â“π°√“øøî° MATLAB  “¡“√∂· ¥ß¿“æÀ√◊Õ°√“ø µ—Èß·µà Õß¡‘µ‘∑’Ë‡ªìπ Rectangular,

Polar, Stair ·≈– Bar √«¡∑—Èß¿“æ “¡¡‘µ‘„π√Ÿª·∫∫æ◊Èπº‘« (surface) ·≈–√–¥—∫ ŸßµË”

(contour) µ≈Õ¥®π “¡“√∂π”¿“æ¡“µàÕ°—π·≈–‡°Á∫‰«â‡æ◊ËÕ∑’Ë®– √â“ß¿“æ‡§≈◊ËÕπ‰À«‰¥â

Õ’°¥â«¬

5. ª√–¬ÿ°µå„™â„π°“√ √â“ß√Ÿª·∫∫ Graphical User Interface (GUI) [10] ‡æ◊ËÕºŸâÕÕ°·∫∫

 “¡“√∂æ—≤π“‚ª√·°√¡„ÀâªØ‘ —¡æ—π∏å°—π‰¥â√–À«à“ßºŸâ„™â‚ª√·°√¡°—∫‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å

3.2 ¢âÕ¡Ÿ≈∑’Ë„™â„π‚ª√·°√¡°“√ÕÕ°·∫∫
¢âÕ¡Ÿ≈∑’Ë„™â„π‚ª√·°√¡®–„™â¢âÕ¡Ÿ≈∑—Ë«Ê ‰ª ”À√—∫°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π [1] ‡™àπ §à“°√–· 

‰øøÑ“≈—¥«ß®√ √–¬–‡«≈“∑’Ë‡°‘¥§«“¡º‘¥æ√àÕß §à“§«“¡µâ“π∑“π¥‘π §à“§«“¡µâ“π∑“π¢Õß«— ¥ÿ∑’Ë„™â‚√¬º‘«¥‘π §à“

§«“¡≈÷°¢Õßµ–·°√ß∑’Ë∂Ÿ°Ωíß¥‘π ≈—°…≥–æ◊Èπ∑’Ë∑’Ë„™â √â“ß ∂“π’‰øøÑ“ ·≈–Õ◊ËπÊ

3.3  §«“¡ “¡“√∂°“√ÕÕ°·∫∫¢Õß‚ª√·°√¡
- ‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π “¡“√∂ÕÕ°·∫∫æ◊Èπ∑’Ë∑’Ë¡’≈—°…≥–µà“ßÊ °—π‰¥â 4 ª√–‡¿∑

§◊Õ æ◊Èπ∑’Ë ’Ë‡À≈’Ë¬¡®—µÿ√—  æ◊Èπ∑’Ë ’Ë‡À≈’Ë¬¡º◊πºâ“ æ◊Èπ∑’Ë√Ÿªµ—«·Õ≈ ·≈–æ◊Èπ∑’Ë√Ÿªµ—«∑’

- ·∫∫®”≈Õß¥‘π∑’Ë¡’§à“§«“¡µâ“π∑“π¥‘π ¡Ë”‡ ¡Õ §◊Õ ¥‘π™—Èπ‡¥’¬«

- §”π«≥§à“°√–· ‰øøÑ“≈—¥«ß®√ ·∫∫ Single Line to Ground Fault ·≈– “¡“√∂°”Àπ¥µ”·Àπàß

≈—¥«ß®√‰¥â ‡™àπ ∫— ‰øøÑ“·√ß¥—π Ÿß À√◊Õ ∫— ‰øøÑ“·√ß¥—πµË” ¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“

-  ‡≈◊Õ°‚À¡¥«‘∏’°“√ÕÕ°·∫∫‰¥â 2 «‘∏’

1. «‘∏’°“√ÕÕ°·∫∫·∫∫∑—Ë«‰ª

2. «‘∏’°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π„Àâ‡À¡“– ¡

- ‡√’¬°¥Ÿ§à“®”‡æ“–¢Õß«— ¥ÿπ”‰øøÑ“ (material constants) [1] ‡æ◊ËÕ„™â„π°“√§”π«≥‰¥â

-  ®”≈Õß°“√ÕÕ°·∫∫‰¥â

-  æ‘¡æåº≈≈—æ∏å·≈–§à“∑’Ë„™â„π°“√ÕÕ°·∫∫‡°Á∫‡ªìπ¢âÕ¡Ÿ≈‰¥â

-  ¡’§” —Ëß Help ·π–π”°“√„™âß“π∫π·∂∫‡§√◊ËÕß¡◊Õ
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4. °“√ÕÕ°·∫∫·≈–°“√„™âß“π‚ª√·°√¡

µàÕ®“°π’È‡ªìπ°“√∑¥ Õ∫‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈≈—æ∏å

°“√ÕÕ°·∫∫„π¥â“π°“√„™âª√‘¡“≥µ—«π”‰øøÑ“√–À«à“ß«‘∏’°“√ÕÕ°·∫∫·∫∫∑—Ë«‰ªµ“¡¡“µ√∞“π [1] ·≈–«‘∏’°“√

ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë‡À¡“– ¡¢Õß·∑àßµ—«π”‰øøÑ“ [2] πÕ°®“°π—Èπ¬—ß· ¥ß«‘∏’°“√„™â‚ª√·°√¡ ´÷Ëß¢âÕ¡Ÿ≈°“√

ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π®–Õâ“ßÕ‘ßµ“¡¿“§ºπ«°¢Õß¡“µ√∞“π [1] ¡’¥—ßπ’È

Fault duration, t
f

=  0.5 sec.

Positive sequence equivalent system impedance, Z
1

=  4.00 + j10.0 Ω
(115 kV side)

Zero sequence equivalent system impedance, Z
0

=  10.0 + j40.0 Ω
(115 kV side)

Current division factor, S
f

=  0.6

Line-to-line voltage at worst-fault location =  115,000 V

Soil resistivity, ρ =  400 Ω.m

Crushed rock resistivity (wet), ρ
S

=  2500 Ω.m

Thickness of crushed rock surfacing, hs =  0.102 m  (4 in)

Depth of grid burial, h =  0.5 m

Transformer impedance, (Z1 and Z0) ; (13 kV) =  0.034 +j1.014 Ω
(Z = 9% at 15 MVA, 115/13kV)

Grid Conductor Copper-clad steel wire 30%

Grid Shape Square grid

4.1 °“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘πµ“¡¡“µ√∞“π IEEE Std.80-2000 [1]
°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘ππ’ÈπÕ°®“°®–„™â¢âÕ¡Ÿ≈¢â“ßµâπ·≈â« „π√–∫∫µàÕ≈ß¥‘π¬—ß¡’·∑àßµ—«π”‰øøÑ“

·π«¥‘Ëß¬“« 7.5 ‡¡µ√ ®”π«π 20 ·∑àß ‡™◊ËÕ¡µàÕÕ¬Ÿà°—∫√–∫∫µàÕ≈ß¥‘π¥—ß√Ÿª∑’Ë 4

®“°¢âÕ¡Ÿ≈§à“Õ‘¡æ’·¥π ǻ¢ÕßÀ¡âÕ·ª≈ß ·≈–Õ‘¡æ’·¥π ǻ∑’Ë∫—  115 kV ‡¡◊ËÕ·ª≈ß§à“Õ‘¡æ’·¥π ǻ¡“¬—ß¥â“π

∫—  13 kV ®–‰¥â Z
0
 = 0.034+j1.014 Ω, Z

1
 = Z

2
 = 0.085+j1.142 Ω [1]

√Ÿª∑’Ë 4      ≈—°…≥–¢Õßµ–·°√ß∑’Ë„™âÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π [1]

L
x
 = 70 m

L
y
 = 70 m

nRod    = 20 Conductors
Lr  = 7.5 m

nCond
x
 = 11 Conductors

nCond
y
 = 11 Conductors

Ground Rod

Grid Conductor
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‡¡◊ËÕ‡ªî¥‚ª√·°√¡®–æ∫«‘π‚¥«å·√°¥—ß√Ÿª∑’Ë 5 ‡¡◊ËÕ§≈‘°‡¡“ å ªÿÉ¡                       ‚ª√·°√¡®–

· ¥ß«‘π‚¥«å∑’Ë 2 ¥—ß√Ÿª∑’Ë 7 ‚¥¬«‘π‚¥«åπ’È¡’Àπâ“∑’ËÀ≈—°Ê 3  à«π§◊Õ §”π«≥°√–· ‰øøÑ“≈—¥«ß®√·∫∫ Single Line to

Ground Fault √—∫§à“®“°°“√ªÑÕπ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ¢Õß ∂“π’‰øøÑ“‡æ◊ËÕ„™â„π°“√§”π«≥„π¢—ÈπµÕπµàÕ‰ª ·≈–· ¥ß

§à“∑’Ë‰¥â®“°°“√§”π«≥ ‰¥â·°à §à“°√–· ≈—¥«ß®√ §à“ K ·≈– §à“ Cs ´÷Ëß°“√§”π«≥°√–· ≈—¥«ß®√ “¡“√∂‡≈◊Õ°

‚À¡¥‰¥â 2 ·∫∫ §◊Õ user specified „™â‡¡◊ËÕ¡’§à“°√–· ‰øøÑ“≈—¥«ß®√Õ¬Ÿà·≈â« ·≈– short circuit study „™â‡¡◊ËÕ

µâÕß°“√„Àâ‚ª√·°√¡∑”°“√§”π«≥°√–· ‰øøÑ“≈—¥«ß®√„Àâ ‚¥¬®–µâÕßªÑÕπ§à“·√ß¥—π‰øøÑ“∫—  ·≈–§à“Õ‘¡æ’·¥π´å

¢Õß ∂“π’‰øøÑ“„Àâ°—∫‚ª√·°√¡ ·≈–°”Àπ¥®ÿ¥∑’Ëº‘¥æ√àÕß (fault) ´÷Ëß°“√ÕÕ°·∫∫π’È®–„Àâ‚ª√·°√¡∑”°“√§”π«≥

„Àâ ‚¥¬§≈‘°∑’Ë ®“°π—ÈπªÑÕπ§à“µà“ßÊ ·≈–°”Àπ¥®ÿ¥∑’Ëº‘¥æ√àÕß ¥—ß√Ÿª∑’Ë 7 §≈‘°‡¡“ å ªÿÉ¡

®–· ¥ß§à“°“√§”π«≥ÕÕ°¡“ ®“°π—ÈπªÑÕπ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ ·≈–§”π«≥ §à“ K ·≈– §à“ Cs

§≈‘°‡¡“ å ªÿÉ¡ ®–· ¥ß§à“°“√§”π«≥ÕÕ°¡“ ¥—ß√Ÿª∑’Ë 7 ®“°π—Èπ„Àâ§≈‘°‡¡“ å ªÿÉ¡

À≈—ß®“°§≈‘°ªÿÉ¡ Next ®–ª√“°Ø«‘π‚¥« å∑’Ë 3 ¥—ß√Ÿª∑’Ë 8 ‚¥¬«‘π‚¥«åπ’È¡’Àπâ“∑’ËÀ≈—°Ê 4  à«π§◊Õ  à«π

°“√§”π«≥À“¢π“¥¢Õß·∑àßµ—«π”‰øøÑ“  à«π°“√√—∫§à“®“°°“√ªÑÕπ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫µ–·°√ßµ àÕ≈ß¥‘π‡æ◊ËÕÀ“§à“·√ß

¥—π‰øøÑ“™à«ß°â“« ·√ß¥—π‰øøÑ“µ–·°√ß √«¡∑—Èß·√ß¥—π‰øøÑ“‚≈À– Ÿà‚≈À–  à«π¢Õß°“√§”π«≥√“§“·∑àßµ—«π”

‰øøÑ“√«¡ ·≈– à«π°“√· ¥ß§à“º≈≈—æ∏å®“°°“√§”π«≥

°“√§”π«≥À“¢π“¥¢Õß·∑àßµ—«π”‰øøÑ“ “¡“√∂‡≈◊Õ°°“√§”π«≥‰¥â 2 «‘∏’ §◊Õ material constants

study ‡¡◊ËÕ‡≈◊Õ°„™â‚À¡¥π’È®–§àÕπ¢â“ß –¥«°‡æ√“–‚ª√·°√¡®–¡’§à“®”‡æ“–¢Õß«— ¥ÿµ“¡¡“µ√∞“π [1] ‡°Á∫§à“‡Õ“

‰«ấ ÷Ëß “¡“√∂‡√’¬°§à“µà“ßÊ ¡“‡æ◊ËÕ„™â„π°“√§”π«≥‰¥â∑—π∑’ ∑—π∑’∑’Ë‡≈◊Õ°ª√–‡¿∑¢Õß·∑àßµ—«π”‰øøÑ“∑’Ë Popup Menu

°“√§”π«≥À“·∑àßµ—«π”‰øøÑ“‚¥¬‚À¡¥π’È®–§”π«≥§àÕπ¢â“ß≈–‡Õ’¬¥ ·≈–Õ’°«‘∏’§◊Õ user specified ‡ªìπ°“√

§”π«≥À“·∑àßµ—«π”‰øøÑ“À¬“∫Ê º≈≈—æ∏å°“√§”π«≥®“°∑—Èß Õß«‘∏’®”‡ªìπµâÕß‡∑’¬∫À“¢π“¥¢Õß·∑àßµ—«π”‰øøÑ“

¡“µ√∞“π®“°ºŸâº≈‘µ

√Ÿª∑’Ë 5      «‘π‚¥«å·√°¢Õß‚ª√·°√¡°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π

§≈‘°‡¡“ å

ªÿÉ¡ START PROGRAM

‡æ◊ËÕ‡¢â“ Ÿà«‘π‚¥«å

°“√§”π«≥ÕÕ°·∫∫
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 à«π°“√§”π«≥À“§à“·√ß¥—π‰øøÑ“™à«ß°â“« ·√ß¥—π‰øøÑ“µ–·°√ß ·≈–·√ß¥—π‰øøÑ“‚≈À– Ÿà‚≈À– ®”‡ªìπ

∑’Ë®–µâÕßªÑÕπ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫µ–·°√ß∑—ÈßÀ¡¥ ‡™àπ √Ÿª√à“ßµ–·°√ß §«“¡¬“«·≈–®”π«π·∑àßµ—«π”‰øøÑ“ √–¬–Àà“ß

√–À«à“ß·∑àßµ—«π”‰øøÑ“À√◊Õ√–¬–™àÕßµ–·°√ß °“√ªÑÕπ§à“µ√ß à«ππ’È®–¡’ªÿÉ¡ Grid Help ‰«â ”À√—∫·π–π”°“√

ªÑÕπ§à“ ”À√—∫µ–·°√ß√Ÿª·∫∫µà“ßÊ §◊Õ  ’Ë‡À≈’Ë¬¡®—µÿ√—   ’Ë‡À≈’Ë¬¡º◊πºâ“ √Ÿªµ—«·Õ≈ (L-Shape) ·≈–√Ÿªµ—«∑’ (T-Shape)

¥—ß√Ÿª∑’Ë 9

√Ÿª∑’Ë 6  ·∂∫‡§√◊ËÕß¡◊Õ·≈–µ—«‡≈◊Õ°°“√„™âß“π¢Õß‚ª√·°√¡

√Ÿª∑’Ë 7      «‘π‚¥«å ”À√—∫°“√§”π«≥·≈–ªÑÕπ§à“‡∫◊ÈÕßµâπ

 ”À√—∫ªÑÕπ™◊ËÕ

‚§√ß°“√

∂â“√Ÿâ§à“°√–· ‰øøÑ“≈—¥«ß®√

X/R Ratio ªÑÕπ∑’Ëπ’Ë

 ”À√—∫„Àâ‚ª√·°√¡

§”π«≥°√–· ≈—¥«ß®√

·∫∫ SLG Fault

 ”À√—∫≈∫§à“µ—«‡≈¢∑’ËªÑÕπ

„π™àÕß·√ß¥—π‰øøÑ“∫—  ·≈–

§à“Õ‘¡æ’·¥π´å

 ”À√—∫ªÑÕπ¢âÕ¡Ÿ≈°“√

ÕÕ°·∫∫‡∫◊ÈÕßµâπ ·≈–

§”π«≥§à“ K ·≈– Cs

· ¥ß§à“º≈≈—æ∏å

°“√§”π«≥
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‡¡◊ËÕªÑÕπ§à“µà“ßÊ §√∫À¡¥·≈â« „Àâ§≈‘°‡¡“ å ªÿÉ¡ §à“µà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß®“°°“√§”π«≥

®–· ¥ßÕÕ°¡“„π à«π¢Õß Parameter Result Displays ¥—ß√Ÿª∑’Ë 8 ®“°π—Èπ„Àâ§≈‘°‡¡“ å ªÿÉ¡ ‡æ◊ËÕ¥Ÿ

º≈≈—æ∏å°“√ÕÕ°·∫∫æ∫«à“ ‚ª√·°√¡· ¥ßº≈°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π«à“ª≈Õ¥¿—¬ (Safe) µ“¡√Ÿª∑’Ë 10 ‚¥¬

· ¥ß§à“·√ß¥—π‰øøÑ“µ–·°√ß∑’Ë§”π«≥‰¥â (730.0026 V) ¡’§à“πâÕ¬°«à“‡°≥±å·√ß¥—π‰øøÑ“ —¡º—  (840.5479 V) ·≈–

· ¥ß§à“·√ß¥—π‰øøÑ“™à«ß°â“«∑’Ë§”π«≥‰¥â (549.0689 V) ¡’§à“πâÕ¬°«à“‡°≥±å·√ß¥—π‰øøÑ“™à«ß°â“« (2696.0971 V)

´÷Ëß‡ªìπ‰ªµ“¡ [1] ∑—Èßπ’È∂â“‡°‘¥°√≥’°“√ÕÕ°·∫∫¡’º≈≈—æ∏å∑’Ë‰¡àª≈Õ¥¿—¬‚ª√·°√¡®–‡µ◊Õπ‡ªìπ¢âÕ§«“¡ ·≈–„ÀâºŸâ

ÕÕ°·∫∫°≈—∫‰ª·°â‰¢§à“∫“ßµ—« ‡™àπ ‡æ‘Ë¡¢π“¥¢Õßæ◊Èπ∑’ËÀπâ“µ—¥À√◊Õ®”π«π¢Õß·∑àßµ—«π”‰øøÑ“ √–¬–Àà“ß√–À«à“ß

µ—«π”‰øøÑ“ À√◊ÕÕ“®‡æ‘Ë¡·∑àßµ—«π”‰øøÑ“·π«¥‘Ëß‡¢â“‰ª„π√–∫∫µàÕ≈ß¥‘π°Á‰¥â

4.2 °“√ÕÕ°·∫∫¥â«¬‡∑§π‘§ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë‡À¡“– ¡ [2]
°“√∑¥ Õ∫‚ª√·°√¡„π à«ππ’È®–‡ªìπ°“√ÕÕ°·∫∫‚¥¬„™â‚À¡¥°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë‡À¡“– ¡

‡æ◊ËÕ∑¥ Õ∫¥Ÿ«à“‚ª√·°√¡ “¡“√∂ÕÕ°·∫∫ ·≈–„Àâº≈≈—æ∏å°“√„™âª√‘¡“≥¢Õßµ—«π”‰øøÑ“‰¥âπâÕ¬≈ß‡æ’¬ß„¥ ‚¥¬

‡ª√’¬∫‡∑’¬∫º≈≈—æ∏å°—∫«‘∏’°“√ÕÕ°·∫∫·∫∫∑—Ë«Ê ‰ª¥—ßµ—«Õ¬à“ß∑’Ëºà“π¡“ ‚¥¬¢âÕ¡Ÿ≈®–¬—ß§ß„™â‡À¡◊Õπ‡¥‘¡ [1]

√Ÿª∑’Ë 8  «‘π‚¥«å ”À√—∫§”π«≥§à“·√ß¥—π‰øøÑ“µà“ßÊ À≈—ß°“√ÕÕ°·∫∫

 ”À√—∫§”π«≥À“¢π“¥

·∑àßµ—«π”‰øøÑ“

ªÑÕπ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫

µ–·°√ßµàÕ≈ß¥‘π

 ”À√—∫‡ªî¥¥Ÿ§Ÿà¡◊Õ°“√ªÑÕπ

§à“ ”À√—∫√Ÿª√à“ßµ–·°√ß∑—Èß

4 ª√–‡¿∑

§≈‘°‡æ◊ËÕ§”π«≥§à“·√ß¥—π

‰øøÑ“ Es, Em, Emm ·≈– §à“

µà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√

§”π«≥

 ”À√—∫§”π«≥À“

√“§“µâπ∑ÿπ¢Õßµ—«

π”‰øøÑ“∑’Ë„™â √â“ß

∑—ÈßÀ¡¥ 

§à“º≈≈—æ∏å°“√

§”π«≥∑’Ë ”§—≠ Ê

®–· ¥ß„π à«ππ’È
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°“√ÕÕ°·∫∫‡√‘Ë¡µâπ‚¥¬°”Àπ¥„Àâµ–·°√ßµàÕ≈ß¥‘π‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡®—µÿ√— ‡À¡◊Õπ¥—ßµ—«Õ¬à“ß∑’Ëºà“π¡“

„πÀ—«¢âÕ 4.1 ·µàµ–·°√ß∂Ÿ°ÕÕ°·∫∫„Àâ¡’·∑àßµ—«π”‰øøÑ“·π«√“∫®”π«π 10 ·∑àß ¡’·∑àßµ—«π”‰øøÑ“„π·π«¥‘Ëß¬“«

7.5 ‡¡µ√ ®”π«π 12 ·∑àß ¥—ß√Ÿª∑’Ë 12 ‡π◊ËÕß®“°§«“¡¬“«¥â“π„π·π«·°π x ·≈–·π«·°π y ¡’§à“‡∑à“°—π ¥—ßπ—Èπ

®÷ßæ‘®“√≥“·π«·°π x ‡æ’¬ß¥â“π‡¥’¬«°Á‰¥â ·≈â«π”º≈∑’Ë‰¥â‰ªÕÕ°·∫∫„π·π«·°π y

À≈—ß®“°∑’Ë°”Àπ¥≈—°…≥–¢Õßµ–·°√ß·≈â« „Àâ‡ªî¥‚ª√·°√¡°“√ÕÕ°·∫∫ ·≈â«∑”°“√ªÑÕπ§à“¥—ß

√Ÿª∑’Ë 7 º≈≈—æ∏å°“√ÕÕ°·∫∫‡ªìπ¥—ß√Ÿª∑’Ë 7 ®“°π—Èπ§≈‘°‡¡“ å ªÿÉ¡ ®–æ∫«‘π‚¥«å∑’Ë 3 ¢Õß‚ª√·°√¡

∂Ÿ°‡ªî¥¢÷Èπ ¥—ß√Ÿª∑’Ë 8 „Àâ§≈‘°∑’Ë Tool ∫π·∂∫‡§√◊ËÕß¡◊Õ ¥—ß√Ÿª∑’Ë 6 ‡≈◊Õ°§≈‘°À—«¢âÕ Optimized Design ®–ª√“°Ø

«‘π‚¥«å Optimal Grounding System Design ¥—ß√Ÿª∑’Ë 11 ®“°π—Èπ§≈‘°∑’Ë Popup Menu ‡æ◊ËÕ‡≈◊Õ°§«“¡¬“«¥â“π

‚¥¬‡≈◊Õ° L <= 100 m ∑—π∑’∑’Ë‡≈◊Õ° §à“ —¡ª√– ‘∑∏‘Ï∑’Ë‰«â„™â ”À√—∫§”π«≥¥—ßµ“√“ß∑’Ë 1 ®–∂Ÿ°· ¥ß∫π«‘π‚¥«å ®“°

π—Èπ‡≈◊Õ° even §≈‘°‡¡“ å ªÿÉ¡ ®–‰¥â§à“º≈≈—æ∏å¢Õß OCR, b, ·≈– dmax · ¥ßÕÕ°¡“

√Ÿª∑’Ë 9  «‘π‚¥«å·π–π”°“√ªÑÕπ§à“„Àâ∂Ÿ°µâÕß
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√Ÿª∑’Ë 10  «‘π‚¥«å· ¥ßº≈≈—æ∏åÕÕ°·∫∫‚¥¬«‘∏’ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π·∫∫∑—Ë«Ê ‰ª

· ¥ßº≈≈—æ∏å OCR, b

·≈–√–¬–Àà“ß√–À«à“ß

·∑àßµ—«π”‰øÑ“

 ”À√—∫ªÑÕπ§à“§«“¡

¬“«¥â“π¢Õßµ–·°√ß

Pop up Menu  ”À√—∫

‡≈◊Õ°§«“¡¬“«¥â“π¢Õß

µ–·°√ß

· ¥ß§à“ —¡ª√– ‘∑∏‘Ï

µ“¡µ“√“ß∑’Ë 1 ®–∂Ÿ°

· ¥ßÕÕ°¡“À≈—ß®“°∑’Ë

‡≈◊Õ°§«“¡¬“«¥â“π (L)

¢Õßµ–·°√ß·≈â«

 ”À√—∫§”π«≥√–¬–

Àà“ß√–À«à“ß·∑àßµ—«

π”‰øøÑ“∑’Ë n „¥Ê

√Ÿª∑’Ë 11      «‘π‚¥«åÕÕ°·∫∫‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡

 à«π√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ëµ”·Àπàß„¥Ê (dn) „ÀâªÑÕπ§à“ n ∑’≈–§à“‚¥¬‡√‘Ë¡®“° 1 ·≈â«

§≈‘°‡¡“ å ªÿÉ¡ ´÷Ëß§à“µà“ßÊ ∑’Ë§”π«≥‰¥â· ¥ß¥—ßµ“√“ß∑’Ë 2 π”§à“∑’Ë‰¥â®“°µ“√“ß∑’Ë 2 ¡“ÕÕ°·∫∫

√–¬–Àà“ß™àÕßµ–·°√ßµ“¡√Ÿª∑’Ë 12 ®“°π—Èπ≈Õßµ√«® Õ∫«à“µ–·°√ß∑’Ë‰¥âÕÕ°·∫∫¡“π—Èπª≈Õ¥¿—¬ (Safe) À√◊Õ‰¡à ‚¥¬

°“√ªÑÕπ§à“√–¬–Àà“ß√–À«à“ß™àÕßµ–·°√ß (D) ∑’Ë«‘π‚¥« å∑’Ë 3 ´÷Ëß‰¥â®“°°“√À“§à“‡©≈’Ë¬¢Õß dmax ·≈– dn √«¡°—π

µ≈Õ¥§«“¡¬“«¥â“π (L) ·≈–§à“µà“ßÊ µ“¡∑’Ë‰¥â°≈à“«Õ∏‘∫“¬¡“·≈â« ¥—ß√Ÿª∑’Ë 13 ®“°π—Èπ§≈‘°‡¡“ å ªÿÉ¡

®–ª√“°Ø«‘π‚¥«å· ¥ßº≈≈—æ∏å¥—ß√Ÿª∑’Ë 14 º≈°“√ÕÕ°·∫∫ √ÿª«à“ª≈Õ¥¿—¬ (Safe) µàÕ®“°π—Èπ°Á “¡“√∂ÕÕ°·∫∫„π

· ¥ß§à“·√ß¥—π‰øøÑ“‡°≥±å

·≈–§à“·√ß¥—π‰øøÑ“®“°°“√

§”π«≥∑”„Àâ “¡“√∂¥Ÿ

‡ª√’¬∫‡∑’¬∫§à“°—π‰¥â

· ¥ß§à“º≈≈—æ∏å®“°

°“√§”π«≥‰¥â·°à

Ground Potential Rise,

Grid Resistance ·≈–

Grid Current

æ◊Èπ∑’Ë· ¥ß¢âÕ§«“¡

º≈≈—æ∏å°“√ÕÕ°

·∫∫√–∫∫µàÕ≈ß¥‘π
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√“¬≈–‡Õ’¬¥µàÕ‰ª‰¥âµ“¡·ºπ¿Ÿ¡‘√Ÿª∑’Ë 2 πÕ°®“°π—Èπ∂â“µâÕß°“√æ‘¡æåº≈≈—æ∏å ·≈–§à“∑’Ë„™â„π°“√ÕÕ°·∫∫‡°Á∫‡ªìπ¢âÕ¡Ÿ≈

„Àâ‡≈◊Õ° File ∑’Ë·∂∫‡§√◊ËÕß¡◊Õ ·≈â«§≈‘°§” —Ëß Print ®–‰¥â√“¬ß“π°“√ÕÕ°·∫∫¥—ß√Ÿª∑’Ë 15

√Ÿª∑’Ë 12  ≈—°…≥–µ–·°√ß∑’Ë∂Ÿ°ÕÕ°·∫∫‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡

L
x
 = 70 m

d
max

d
1

d
2

d
3

d
1

d
2

d
3

d
4

Ly = 70 md
max

d
1

d
2

d3

d
4

d
1

d
2

d
3

d4

nRod    = 12 Conductors
Lr  = 7.5 m

nCond x = 10 Conductors

nCond y = 10 Conductors

Ground Rod

Grid Conductor

µ“√“ß∑’Ë 2  §à“º≈≈—æ∏å‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡

√Ÿª∑’Ë 13  «‘π‚¥«å∑’Ë 3 À≈—ß®“°ªÑÕπ§à“µ—«·ª√∑’Ë‰¥â®“°«‘∏’°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡

§à“‡©≈’Ë¬¢Õß√–¬–Àà“ß

√–À«à“ß·∑àßµ—«π”‰øøÑ“

∑’Ë∂Ÿ°π”¡“„™â„π°“√

§”π«≥ÕÕ°·∫∫‡æ◊ËÕ¥Ÿ

º≈≈—æ∏å¥â“π§«“¡ª≈Õ¥¿—¬

Calculated Optimal Design Parameters

dmax d1 d2 d3 d4

14.4377 10.5094 7.6499 5.5685 4.0534
OCR = 0.72791 b = -1.0902
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√Ÿª∑’Ë 14  «‘π‚¥«å· ¥ßº≈≈—æ∏å°“√ÕÕ°·∫∫‚¥¬‡∑§π‘§°“√„™â·∑àßµ—«π”‰øøÑ“∑’Ë‡À¡“– ¡

√Ÿª∑’Ë 15      √“¬ß“π°“√ÕÕ°·∫∫‡¡◊ËÕ∂Ÿ°æ‘¡æåÕÕ°¡“®“°‚ª√·°√¡

Project Name          : Square Shaped Grid Design

Grounding System Design Report
IEEE Std. 80-2000

Soil Resistivity
Surface Resistivity
Symmetrical Fault Current
  in Substation for Conductor Sizing
Conductor Calculated Sizing

Optimal Design Method
---------------------------------
Number of Ground Rod
Length of Ground Rod
Total Length of Ground Rod
Total Length of Grid Conductor
Total Length of Ground Conductor
Maximum Grid Current
Conductor Price

Rg
-------
Ohms

2.7844

GPR
-------
Volts

5312.2483

: 12                m
: 7.5               m
: 90                m
: 1400            m
: 1490            m
: 1907.8544    A
: 592722

: 400
: 2500

: 6.814
: 58.475         kcmil
: 29.6226       mm2

Touch Potential
--------------------------
Calculated

Volts

837.574

Tolerable
Volts

840.5479

Step Potential
--------------------------
Calculated

Volts

571.9987

Tolerable
Volts

2696.0971
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5.  √ÿªº≈°“√∑¥≈Õß°“√ÕÕ°·∫∫

‡¡◊ËÕπ”‚ª√·°√¡°“√ÕÕ°·∫∫∑’Ë∂Ÿ° √â“ß¢÷Èπ·≈–æ—≤π“∫π MATLAB π”¡“„™â„π°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß

¥‘π æ∫«à“‡¡◊ËÕÕÕ°·∫∫‚¥¬«‘∏’°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë‡À¡“– ¡ ‚ª√·°√¡ “¡“√∂ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë

¡—Ëπ„®‰¥â„π§«“¡ª≈Õ¥¿—¬µ“¡ [1] ·≈– [2] ·≈–¬—ß “¡“√∂≈¥ª√‘¡“≥µ—«π”‰øøÑ“‚¥¬√«¡≈ß‰¥âµ“¡«—µ∂ÿª√– ß§å

°≈à“«§◊Õ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈≈—æ∏å°“√ÕÕ°·∫∫®“°∑—Èß Õß«‘∏’‚¥¬„™â‚ª√·°√¡ÕÕ°·∫∫¥—ß°≈à“« æ∫«à“«‘∏’ÕÕ°·∫∫

√–∫∫µàÕ≈ß¥‘π·∫∫∑—Ë«Ê‰ª„™â·∑àßµ—«π”‰øøÑ“∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 0.01 ‡¡µ√ À√◊Õæ◊Èπ∑’ËÀπâ“µ—¥ 29.623 µ“√“ß

¡‘≈≈‘‡¡µ√ (58.475 kcmil) ¬“«∑—ÈßÀ¡¥ 1,690 ‡¡µ√ „π¢≥–∑’Ë°“√ÕÕ°·∫∫‚¥¬«‘∏’°“√ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ë

‡À¡“– ¡π—Èπ æ∫«à“„™â·∑àßµ—«π”‰øøÑ“∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 0.01 ‡¡µ√ À√◊Õæ◊Èπ∑’ËÀπâ“µ—¥ 29.623 µ“√“ß¡‘≈≈‘‡¡µ√

(58.475 kcmil) ¬“«∑—ÈßÀ¡¥‡æ’¬ß 1,490 ‡¡µ√ ́ ÷Ëß‡¡◊ËÕπ”º≈≈—æ∏å∑’Ë‰¥â‡ª√’¬∫‡∑’¬∫°—πæ∫«à“ «‘∏’°“√ÕÕ°·∫∫√–∫∫µàÕ

≈ß¥‘π∑’Ë‡À¡“– ¡ “¡“√∂≈¥ª√‘¡“≥¢Õß·∑àßµ—«π”‰øøÑ“≈ß‰ª∂÷ß√âÕ¬≈– 11.83 ∑”„Àâ‰¥â√–∫∫µàÕ≈ß¥‘π∑’Ëª√–À¬—¥

«— ¥ÿπ”‰øøÑ“ ”À√—∫√–∫∫µàÕ≈ß¥‘π ª√–À¬—¥ß∫ª√–¡“≥°“√°àÕ √â“ß·≈–°“√ÕÕ°·∫∫ Õ’°∑—Èß‚ª√·°√¡¬—ß™à«¬≈¥

‡«≈“°“√ÕÕ°·∫∫·≈–„™âß“πßà“¬ ∑”„Àâ√–∫∫µàÕ≈ß¥‘π∑’Ë‰¥â “¡“√∂¡—Ëπ„®‰¥â„π§«“¡ª≈Õ¥¿—¬µàÕ∫ÿ§§≈∑’ËÕ¬Ÿà„πæ◊Èπ∑’Ë

 ∂“π’‰øøÑ“µ“¡ [1] ∑—Èßπ’È‚ª√·°√¡¥—ß°≈à“«  “¡“√∂π”¡“æ—≤π“‡æ◊ËÕ„™â ”À√—∫ÕÕ°·∫∫√–∫∫µàÕ≈ß¥‘π∑’Ëæ‘®“√≥“

¥‘π Õß™—ÈπµàÕ‰ª‰¥â πÕ°®“°π—Èπ¬—ß¡’µ—«Õ¬à“ßº≈°“√ÕÕ°·∫∫¥â«¬‚ª√·°√¡ EPRI TR-100622 ∑’Ëπà“ π„®‡¡◊ËÕ

æ‘®“√≥“µ–·°√ß∑’Ë¡’√–¬–Àà“ß√–À«à“ß·∑àßµ—«π”‰øøÑ“∑’Ë‰¡à‡∑à“°—π ´÷Ëß®–¡’°√“ø·√ß¥—π‰øøÑ“æ◊Èπº‘« (surface

voltage profile) „π·µà≈–µ”·Àπàß¢Õßµ–·°√ß ·≈–§à“æ“√“¡‘‡µÕ√åÕ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß´÷Ëß· ¥ß„π¿“§ºπ«° B.6 ¢Õß
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