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∫∑§—¥¬àÕ

®“°§«“¡µâÕß°“√¢Õ√—∫∫√‘°“√ Õ∫‡∑’¬∫¥â“π·√ß∑’Ë

¡“°¢÷Èπ ‚¥¬‡©æ“–‡§√◊ËÕß Universal Testing Machine ¢≥–∑’Ë

∫ÿ§≈“°√ ·≈–‡§√◊ËÕß¡◊Õ Õ∫‡∑’¬∫¡’®”°—¥ ∑”„ÀâµâÕß¡’°“√æ—≤π“

™ÿ¥ Õ∫‡∑’¬∫¡“µ√∞“π¥â“π·√ß ‚¥¬°“√æ—≤π“‰¥â¥”‡π‘π°“√

2  à«π  à«π·√°§◊Õ°“√ √â“ß·≈–æ—≤π“´Õø·«√å∑’Ë Õ¥§≈âÕß

°—∫¡“µ√∞“π BS EN ISO 7500-1 JIS B7721 ·≈– ASTM E4

´÷Ëß‡ªìπ¡“µ√∞“π∑’Ë„™â Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing

Machine ∑”„Àâ‡æ‘Ë¡§«“¡ –¥«° √«¥‡√Á«¢÷Èπ ≈¥§«“¡º‘¥æ≈“¥

‡π◊ËÕß®“°°“√∂à“¬‚Õπ¢âÕ¡Ÿ≈ ·≈– “¡“√∂ÕÕ°√“¬ß“πº≈‰¥â

∑—π∑’∑’Ë∑”°“√ Õ∫‡∑’¬∫·≈â«‡ √Á®  ”À√—∫ à«π∑’Ë Õß‡ªìπ°“√ √â“ß

·≈–æ—≤π“Œ“√å¥·«√å §◊Õ¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å

24 ∫‘µ ·≈–‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ«—¥∑’Ë √â“ß

·≈–æ—≤π“¢÷Èπ ®÷ß‰¥â¥”‡π‘π°“√∑¥ Õ∫°“√∑”ß“π‡ª√’¬∫‡∑’¬∫

°—∫¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å√ÿàπ SY047 ¢Õß∫√‘…—∑

Synectic Design Ltd. ª√–‡∑»Õ—ß°ƒ… ·≈–‚À≈¥‡´≈≈å

Õ‘π¥‘‡§‡µÕ√å√ÿàπ SCOUT55 ¢Õß∫√‘…—∑ HBM ª√–‡∑»

 À√—∞Õ‡¡√‘°“ ‚¥¬‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¥â«¬ 4 µ—«·ª√

‰¥â·°à §«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥ °“√∑«π´È”¢Õß°“√«—¥

§«“¡‡ ∂’¬√¢Õß°“√«—¥ ·≈–º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß

°“√«—¥‡©æ“– Type A º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ ¥‘®‘µÕ≈

‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å∑’Ë √â“ß¢÷Èπ ¡’ª√– ‘∑∏‘¿“æ¥’°«à“

¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å√ÿàπ SY047 ·µà¥âÕ¬°«à“

‚À≈¥‡´≈≈åÕ‘π¥‘‡§‡µÕ√å√ÿàπ SCOUT55 Õ¬à“ß‰√°Áµ“¡Õÿª°√≥å

Õà“π·√ß∑’Ë √â“ß¢÷Èπ  “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ‰¥âÕ’°„πÕπ“§µ

Abstract

In present, needs of a force calibration service

are increasing, especially the calibration of Universal

Testing Machines. However, calibration officers and

equipments are limited. With this reason, the propose

research was motivated to develop a calibration set of

a standard force. The development of this calibration

set was separated into two parts. The first part of

development was to create and to develop a computer

software, which was corresponding to standard documents,

i.e., BS EN ISO 7500-1, JIS B7721 and ASTM E4

in which calibration methods are generally used. The

developed computer software could create more

convenient and faster calibrations, and reduce errors

in terms of the data transferring and the production

of calibration report immediately. The second part of

the development was to create and to develop an

electronic hardware, which was a 24 bit digital load

cell amplifier. To investigate the performance of this

developed equipment, an experiment was carried out.

The developed equipment was compared with a 24 bit

digital load cell amplifier, model SY047, Synectic Design

Ltd ,UK and with a load cell indicator, model SCOUT55

HBM, USA. The performance comparisons were done in

terms of the measurement errors, the measurement

■■■■ ■■■■
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repeatability, the measurement stability and the combined

measurement uncertainty of type A. The experiment

results clearly proved that the developed digital load

cell amplifier had a better performance than that of the

model SY047 but a less performance than the load cell

indicator of model of SCOUT55. However, the performance

of the developed equipment can be enhanced in future

by the laboratories of the calibration group.

1. ∫∑π”

‡§√◊ËÕß Universal Testing Machine ‡ªìπ‡§√◊ËÕß¡◊Õ
∑’Ëπ‘¬¡„™âÕ¬à“ß·æ√àÀ≈“¬ „π«ß°“√Õÿµ “À°√√¡ ‡™àπ ¬“ß
æ≈“ µ‘° ≈«¥ ‡À≈Á°‡ âπ §Õπ°√’µ ‡π◊ËÕß®“°‡ªìπ‡§√◊ËÕß¡◊Õ
∑’Ë„™â«—¥§ÿ≥ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ ‰¥â·°à ¬—ß°å‚¡¥Ÿ≈—  ·√ß§√“°
§«“¡‡§âπ §«“¡‡§√’¬¥ °“√∑πµàÕ·√ß°¥·≈–·√ß¥÷ß ‡ªìπµâπ
‡æ◊ËÕ„Àâ ‘π§â“‡À≈à“π’È‰¥â√—∫°“√¬Õ¡√—∫®“°∑—Èß„π ·≈–µà“ßª√–‡∑»
‡§√◊ËÕß Universal Testing Machine ®”‡ªìπµâÕß‰¥â√—∫°“√
 Õ∫‡∑’¬∫µ“¡À≈—°°“√¢Õß√–∫∫¡“µ√«‘∑¬“ Õ¬à“ß‰√°Áµ“¡
°√¡«‘∑¬“»“ µ√å∫√‘°“√¡’™ÿ¥ Õ∫‡∑’¬∫¡“µ√∞“π¥â“π·√ßÕ¬à“ß
®”°—¥ ‡π◊ËÕß®“°¡’√“§“·æß ∑”„Àâ°≈ÿà¡ Õ∫‡∑’¬∫‡§√◊ËÕß¡◊Õ«—¥
«‘‡§√“–Àå∑¥ Õ∫ ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å
∫√‘°“√ ‰¥â √â“ß·≈–æ—≤π“™ÿ¥ Õ∫‡∑’¬∫π’È¢÷Èπ ‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ
°“√ªØ‘∫—µ‘ß“π ·≈– “¡“√∂∑¥·∑πÀ“°‡§√◊ËÕß¡◊Õ∑’Ë„™âÕ¬Ÿà‡°‘¥
°“√™”√ÿ¥ À√◊ÕÀ¡¥ ¿“æ

™ÿ¥ Õ∫‡∑’¬∫¥â“π·√ß∑’Ë √â“ß·≈–æ—≤π“¢÷Èπ  ”À√—∫
 Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing Machine ª√–°Õ∫¥â«¬
‚À≈¥‡´≈≈å ¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å ·≈–§Õ¡æ‘«‡µÕ√å
‡™◊ËÕ¡µàÕ°—π ¥—ß¿“æ∑’Ë 1

¿“æ∑’Ë 1 : °“√‡™◊ËÕ¡µàÕ¢Õß™ÿ¥ Õ∫‡∑’¬∫¥â“π·√ß

®“°¿“æ∑’Ë 1 ‡¡◊ËÕ¡’·√ß¥÷ßÀ√◊Õ°¥ ®“°‡§√◊ËÕß
Universal Testing Machine °√–∑”°—∫‚À≈¥‡´≈≈å √–¥—∫
 —≠≠“≥‰øøÑ“∑’ËÕÕ°®“°‚À≈¥‡´≈≈å ®–¡’°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ
 —¥ à«π°—∫·√ß∑’Ë°√–∑” ·µà‡π◊ËÕß®“° —≠≠“≥‰øøÑ“¡’√–¥—∫µË”¡“°
®÷ßµâÕß¡’°“√¢¬“¬ —≠≠“≥‚¥¬¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å
√–¥—∫ —≠≠“≥∑’Ë¢¬“¬·≈â«®–∂Ÿ°‡ª≈’Ë¬π„ÀâÕ¬Ÿà„π√Ÿª¢Õß —≠≠“≥
¥‘®‘µÕ≈ ‚¥¬§Õ¡æ‘«‡µÕ√å®–√—∫ —≠≠“≥π’È·≈â«ª√–¡«≈º≈
ºà“π∑“ß´Õøµå·«√å§Õ¡æ‘«‡µÕ√å

„π à«π´Õø·«√å∑’Ë √â“ß¢÷Èπ ‰¥âæ—≤π“®“°‚ª√·°√¡
Microsoft visual basic 2005 ‚¥¬¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ„Àâ°“√
 Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing Machine µ“¡¡“µ√∞“π
BS EN ISO 7500-1 JIS B7721 ·≈– ASTM E4 ¡’§«“¡
 –¥«° √«¥‡√Á«¢÷Èπ ≈¥§«“¡º‘¥æ≈“¥‡π◊ËÕß®“°°“√∂à“¬‚Õπ¢âÕ¡Ÿ≈
·≈– “¡“√∂ÕÕ°√“¬ß“πº≈‰¥â∑—π∑’∑’Ë∑”°“√ Õ∫‡∑’¬∫·≈â«‡ √Á®
‚ª√·°√¡´Õøµå·«√å∑’Ë √â“ß·≈–æ—≤π“¢÷Èπ ¡’‚§√ß √â“ßµ“¡¿“æ∑’Ë 2

¿“æ∑’Ë 2 : ‚§√ß √â“ß¢Õß‚ª√·°√¡´Õøµå·«√å

®“°¿“æ∑’Ë 2 ´Õøµå·«√åπ’È ª√–°Õ∫¥â«¬‚¡¥Ÿ≈À≈—°∑’Ë
™à«¬„π°“√∑”ß“π 3 ‚¡¥Ÿ≈ ‰¥â·°à ‚¡¥Ÿ≈®—¥°“√∞“π¢âÕ¡Ÿ≈
‚¡¥Ÿ≈ Interface °—∫Õÿª°√≥åÕà“π·√ß ·≈–‚¡¥Ÿ≈√“¬ß“π

‚¡¥Ÿ≈®—¥°“√∞“π¢âÕ¡Ÿ≈ ‡ªìπ°√–∫«π°“√®—¥‡°Á∫¢âÕ¡Ÿ≈
∑’Ë ”§—≠ ”À√—∫°“√ Õ∫‡∑’¬∫ ·≈–°“√ÕÕ°√“¬ß“πº≈ ‰¥â·°à
¢âÕ¡Ÿ≈‡®â“Àπâ“∑’ËªØ‘∫—µ‘ß“π ¢âÕ¡Ÿ≈‚À≈¥‡´≈≈å∑’Ë„™â„π°“√ Õ∫
‡∑’¬∫ √«¡∑—Èß¢âÕ¡Ÿ≈§à“§«“¡‰¡à·πàπÕπ™π‘¥µà“ß Ê ‡æ◊ËÕπ”‰ª„™â
„π°“√ª√–¡«≈º≈ ¢âÕ¡Ÿ≈≈Ÿ°§â“∑’Ë¢Õ√—∫∫√‘°“√ ¢âÕ¡Ÿ≈º≈ Õ∫‡∑’¬∫

■■■■
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¢âÕ¡Ÿ≈‡§√◊ËÕß Universal Testing Machine ∑’Ë Õ∫‡∑’¬∫
·≈–¢âÕ¡Ÿ≈°√–∫«π°“√ Õ∫‡∑’¬∫

‚¡¥Ÿ≈ Interface °—∫Õÿª°√≥åÕà“π§à“·√ß ‡ªìπ
°√–∫«π°“√∑’Ë§Õ¡æ‘«‡µÕ√åµ‘¥µàÕ√—∫¢âÕ¡Ÿ≈®“°Õÿª°√≥åÕà“π·√ß
‡™àπ ¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å À√◊Õ‚À≈¥‡´≈≈åÕ‘π¥‘‡§‡µÕ√å
·≈â«π”¡“ª√–¡«≈º≈ ÷́Ëß “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 2 ‚¡¥Ÿ≈¬àÕ¬
‰¥â·°à ‚¡¥Ÿ≈µ√«®«—¥§à“·√ß ·≈–‚¡¥Ÿ≈°“√ Õ∫‡∑’¬∫‡§√◊ËÕß
Universal Testing Machine ‚¥¬‚¡¥Ÿ≈µ√«®«—¥§à“·√ß ‡ªìπ
°√–∫«π°“√Õà“π§à“·√ß∑’Ë«—¥ ·≈â«· ¥ßº≈¥â«¬°√“ø √«¡∑—Èß
 “¡“√∂®—¥‡°Á∫¢âÕ¡Ÿ≈‡™àπ‡¥’¬«°—∫ Data logger ‚¥¬‚¡¥Ÿ≈π’È
 “¡“√∂«—¥§à“·√ß®“°‚À≈¥‡´≈≈å‰¥âæ√âÕ¡°—π 2 ‚À≈¥‡´≈≈å ∑”„Àâ
 “¡“√∂π”¡“„™â‡æ◊ËÕ Õ∫‡∑’¬∫‚À≈¥‡´≈≈å¡“µ√∞“π‰¥â  à«π‚¡¥Ÿ≈
°“√ Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing Machine ‡ªìπ°√–∫«π°“√
 Õ∫‡∑’¬∫ ·≈–ª√–¡«≈º≈ √«¡∑—Èß®—¥√–¥—∫ (class) ¢Õß‡§√◊ËÕß
µ“¡¡“µ√∞“π BS EN ISO 7500-1 JIS B7721 ·≈– ASTM E4 

 ”À√—∫‚¡¥Ÿ≈ ÿ¥∑â“¬¢Õß´Õøµå·«√å §◊Õ ‚¡¥Ÿ≈√“¬ß“π
´÷Ëßª√–°Õ∫¥â«¬ 2 ‚¡¥Ÿ≈¬àÕ¬ §◊Õ ‚¡¥Ÿ≈ÕÕ°·∫∫√“¬ß“π ·≈–
‚¡¥Ÿ≈√“¬ß“πº≈°“√ Õ∫‡∑’¬∫ ‚¡¥Ÿ≈ÕÕ°·∫∫√“¬ß“π‡ªìπ
°√–∫«π°“√ÕÕ°·∫∫√“¬ß“π‡æ◊ËÕ‡™◊ËÕ¡µàÕ¢âÕ¡Ÿ≈°—∫‰ø≈å
Microsoft word ·≈–‰ø≈å‡«‘√å§™’µ Microsoft Excel ‚¥¬„™â‰ø≈å
√“¬ß“πµ“¡√Ÿª·∫∫¢Õß°√¡«‘∑¬“»“ µ√å∫√‘°“√‡ªìπµâπ·∫∫
∑”„Àâ “¡“√∂√Õß√—∫°“√‡ª≈’Ë¬π·ª≈ß√Ÿª·∫∫„πÕπ“§µ‰¥â  ”À√—∫
‚¡¥Ÿ≈√“¬ß“πº≈°“√ Õ∫‡∑’¬∫‡ªìπ°√–∫«π°“√π”¢âÕ¡Ÿ≈®“°
∞“π¢âÕ¡Ÿ≈∑’Ë Õ∫‡∑’¬∫¡“ÕÕ°√“¬ß“πµ“¡∑’Ë‰¥âÕÕ°·∫∫‰«â

πÕ°‡Àπ◊Õ®“°°“√æ—≤π“´Õøµå·«√å °≈ÿà¡ Õ∫‡∑’¬∫¬—ß
‰¥âæ—≤π“¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å¢÷Èπ‡Õß ÷́Ëß‡ªìπ·∫∫
24 ∫‘µ ‡™àπ‡¥’¬«°—∫¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å∑’Ë́ ◊ÈÕ®“°
∫√‘…—∑ Synectic Design Ltd. ª√–‡∑»Õ—ß°ƒ… „π¢≥–∑’Ë‚À≈¥
‡´≈≈åÕ‘π¥‘‡§‡µÕ√å∑’Ë„™âß“π„πªí®®ÿ∫—π ¡’§«“¡ “¡“√∂‡æ’¬ß
20 ∫‘µ ´÷ËßÀ¡“¬∂÷ßÕÿª°√≥å∑’Ë √â“ß¢÷Èπ¡’§«“¡≈–‡Õ’¬¥¡“°°«à“
∂÷ß 16 ‡∑à“ Õ¬à“ß‰√°Áµ“¡ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ«—¥‰¡à‡æ’¬ß
·µà¢÷ÈπÕ¬Ÿà°—∫§«“¡≈–‡Õ’¬¥¢Õß°“√Õà“π ·µà¬—ß¢÷Èπ°—∫§«“¡‡ ∂’¬√
¢Õß°“√«—¥ °“√∑«π È́” (Repeatability) §«“¡∂Ÿ°µâÕß¢Õß°“√«—¥
(Accuracy) §«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥ (Error) ‡ªìπµâπ

2. «‘∏’¥”‡π‘π°“√

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ«—¥∑’Ë √â“ß
·≈–æ—≤π“¢÷Èπ ®÷ß‰¥â¥”‡π‘π°“√∑¥ Õ∫°“√∑”ß“π‡ª√’¬∫‡∑’¬∫

°—∫¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å√ÿàπ SY047 ¢Õß∫√‘…—∑
Synectic Design Ltd. ª√–‡∑»Õ—ß°ƒ… ·≈–‚À≈¥‡´≈≈åÕ‘π¥‘‡§‡µÕ√å
√ÿàπ SCOUT55 ¢Õß∫√‘…—∑ HBM ª√–‡∑» À√—∞Õ‡¡√‘°“ ‚¥¬‡§√◊ËÕß¡◊Õ
∑—Èß 3 ™π‘¥‰¥â· ¥ß‰«â„π¿“æ∑’Ë 3 ∑—Èßπ’È¥‘®‘µÕ≈‚À≈¥‡´≈≈å
·Õ¡ª≈‘‰ø‡ÕÕ√å∑’Ëæ—≤π“¢÷Èπ °”Àπ¥√ÿàπ‡ªìπ DSS LCA1

¿“æ∑’Ë 3 : Õÿª°√≥åÕà“π§à“·√ß °) DSS LCA1 ¢) SY047 §) SCOUT55

¢—ÈπµÕπ°“√∑¥≈Õß ®–‡√‘Ë¡®“°°“√‡™◊ËÕ¡µàÕÕÿª°√≥å
µ“¡¿“æ∑’Ë 1 ·≈–„™âµÿâ¡πÈ”Àπ—° 10 °‘‚≈°√—¡ ®”π«π 4 µÿâ¡ ‡æ◊ËÕ
 √â“ß·√ß°¥„Àâ°—∫‚À≈¥‡´≈≈å ‚¥¬¥”‡π‘π°“√∑¥ Õ∫∑’ËπÈ”Àπ—°
10 20 30 ·≈– 40 °‘‚≈°√—¡µ“¡≈”¥—∫ °“√∑¥ Õ∫∑”‚¥¬°“√
«—¥´È” 3 §√—Èß ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥
(Error) ·≈–°“√∑«π´È” (Repeatability)  ”À√—∫°“√µ√«® Õ∫
§«“¡‡ ∂’¬√¢Õß°“√«—¥ ®–æ‘®“√≥“®“°§«“¡·µ°µà“ß¢Õß§à“ Ÿß ÿ¥
·≈–§à“µË” ÿ¥¢Õß°“√«—¥πÈ”Àπ—° 20 °‘‚≈°√—¡„π™à«ß√–¬–‡«≈“
30 π“∑’ ‚¥¬°“√«—¥·√ß∑’Ë°¥¢Õß‡§√◊ËÕß¡◊Õ∑—Èß 3 ™π‘¥‰¥â„™â‚¡¥Ÿ≈
µ√«®«—¥§à“·√ß¢Õß´Õøµå·«√å∑’Ëæ—≤π“¢÷Èπ µ“¡¿“æ∑’Ë 4

¿“æ∑’Ë 4 : °“√«—¥·√ß°¥¥â«¬‚À≈¥‡´≈≈å ·≈–Õÿª°√≥åÕà“π§à“·√ß

°) DSS LCA1 ¢) SY047 §) SCOUT55

3. º≈°“√∑¥≈Õß

º≈¢Õß°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß
Õÿª°√≥åÕà“π§à“·√ß ‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 1-4 ‚¥¬µ“√“ß∑’Ë 1
‡ªìπº≈‡ª√’¬∫‡∑’¬∫§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥ µ“√“ß∑’Ë 2
‡ªìπº≈‡ª√’¬∫‡∑’¬∫°“√∑«π´È” (Repeatability) ¢Õß°“√«—¥
µ“√“ß∑’Ë 3 ‡ªìπº≈‡ª√’¬∫‡∑’¬∫§«“¡‡ ∂’¬√ (Stability) ¢Õß
°“√«—¥ ·≈– µ“√“ß ÿ¥∑â“¬‡ªìπº≈‡ª√’¬∫‡∑’¬∫º≈√«¡§à“§«“¡
‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A ÷́Ëßµ“√“ß ÿ¥∑â“¬‡ªìπ
º≈√«¡„π≈—°…≥– root sum square µ“¡ ¡°“√
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º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A = √ (°“√∑«π´È”)2+(§«“¡‡ ∂’¬√)2/3

µ“√“ß∑’Ë 1 : º≈§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥„πÀπà«¬°‘‚≈°√—¡

µ“√“ß∑’Ë 2 : º≈°“√∑«π È́” (Repeatability) „πÀπà«¬°‘‚≈°√—¡

µ“√“ß∑’Ë 3 : º≈°“√«—¥§«“¡‡ ∂’¬√„πÀπà«¬°‘‚≈°√—¡

µ“√“ß∑’Ë 4 : º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A „πÀπà«¬°‘‚≈°√—¡

4.  √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß

µ“√“ß· ¥ßº≈§«“¡§≈“¥‡§≈◊ËÕπ SY047 · ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥ ¬°‡«âπ∑’Ë¡«≈πÈ”Àπ—° 10 °‘‚≈°√—¡ ‡π◊ËÕß®“°
≈—°…≥–‡©æ“–¢Õß SY047 ∑’Ë„Àâº≈°“√«—¥ÕÕ°¡“‡ªìπ Count ∑”„ÀâµâÕß¡’°“√ª√—∫§«“¡‰« (Sensitivity) ¢Õß°“√Õà“π ¥â«¬µÿâ¡πÈ”Àπ—°
∑’Ë„™â∑¥ Õ∫ ‚¥¬‰¡àµâÕß„™â§«“¡‰«¢Õß‚À≈¥‡´≈≈å‡¢â“¡“‡°’Ë¬«¢âÕß ´÷Ëß´Õøµå·«√å¡’‚¡¥Ÿ≈π’ÈÕ¬Ÿà·≈â« „π¢≥–∑’Ë DSS LCA1 ·≈– SCOUT55
„™â§«“¡‰«¢Õß‚À≈¥‡´≈≈å∑’Ë¡“°—∫‚√ßß“π∑’Ëº≈‘µ ª√—∫§«“¡‰« (Sensitivity) ¢Õß°“√Õà“π ∑”„Àâ§«“¡§≈“¥‡§≈◊ËÕπ¡’¡“° ¥—ßπ—Èπ∂â“„™â
§«“¡‰«¢Õß‚À≈¥‡´≈≈å∑’Ë‰¥â®“°°“√ Õ∫‡∑’¬∫ ‡æ◊ËÕª√—∫§«“¡‰«¢Õß°“√Õà“π ®–∑”„Àâº≈§«“¡§≈“¥‡§≈◊ËÕπ¥’¢÷Èπ°«à“∑’Ë· ¥ß„πµ“√“ß

µ“√“ß· ¥ßº≈°“√∑«π È́” (Repeatability) SY047 · ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥ ¬°‡«âπ∑’Ë¡«≈πÈ”Àπ—° 40 °‘‚≈°√—¡
·µà‡¡◊ËÕæ‘®“√≥“®“°º≈°“√«—¥§«“¡‡ ∂’¬√ ÷́Ëß· ¥ß‰«â„πµ“√“ß∑’Ë 3 SY047 °≈—∫· ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ∑’Ë¥âÕ¬ ÿ¥ „π¢≥–∑’Ë
SCOUT55 ¡’ª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥ §«“¡‡ ∂’¬√¢Õß°“√«—¥∑’Ë‰¥â¥”‡π‘π°“√«—¥·≈–‡°Á∫¢âÕ¡Ÿ≈Õ¬à“ßµàÕ‡π◊ËÕß 30 π“∑’ ‰¥â· ¥ß„Àâ‡ÀÁπ∂÷ß
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°“√·ª√ª√«π¢Õß¢âÕ¡Ÿ≈°“√«—¥ ÷́Ëß¡’ “‡ÀµÿÀ≈—°¡“®“° —≠≠“≥
√∫°«π ‡π◊ËÕß®“° SCOUT55 ¡’«ß®√øî≈‡µÕ√å·∫∫ Butterworth
·≈– Bessel ‡æ◊ËÕ°√Õß —≠≠“≥√∫°«π √«¡∑—Èß¡’°“√ Shield
 —≠≠“≥√∫°«π ¥â«¬°≈àÕß‚≈À–¿“¬πÕ° ¢≥–∑’Ë SY047 ¡’°“√
°√Õß —≠≠“≥√∫°«π¥â«¬«ß®√øî≈‡µÕ√å RC ∏√√¡¥“·∫∫ 1
Order ·≈–¡’°“√ Shield  —≠≠“≥√∫°«π ¥â«¬°≈àÕß‚≈À–
¿“¬πÕ°‡™àπ°—π ·µà DSS LCA1 ‰¡à¡’°“√ Shield  —≠≠“≥
√∫°«π¿“¬πÕ° ‚¥¬¡’«ß®√øî≈‡µÕ√å·∫∫ Butterworth 2
Order ·≈– Ferrite chip bread  ”À√—∫°√Õß§«“¡∂’Ë Ÿß ∑”„Àâ
§«“¡‡ ∂’¬√¢Õß°“√«—¥¥’°«à“ SY047

º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A ÷́Ëß
‡ªìπº≈√«¡·∫∫ Root sum square ¢Õßº≈°“√∑«π È́” ·≈–

§«“¡‡ ∂’¬√‰¥â· ¥ß„Àâ‡ÀÁπ«à“ SCOUT55 ¡’ª√– ‘∑∏‘¿“æ¢Õß°“√«—¥
¥’∑’Ë ÿ¥ ·≈– DSS LCA1 ¡’ª√– ‘∑∏‘¿“æ¢Õß°“√«—¥¥’°«à“ SY047

°≈ÿà¡ Õ∫‡∑’¬∫‡§√◊ËÕß¡◊Õ«—¥«‘‡§√“–Àå∑¥ Õ∫ ‚§√ß°“√
øî ‘° å·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å∫√‘°“√ ª√– ∫§«“¡ ”‡√Á®
„π°“√ √â“ß·≈–æ—≤π“´Õøµå·«√å ”À√—∫ Õ∫‡∑’¬∫‡§√◊ËÕß Universal
Testing Machine ´÷Ëß “¡“√∂√Õß√—∫Õÿª°√≥åÕà“π§à“·√ß®“°
‚À≈¥‡´≈≈å‰¥âÀ≈“¬™π‘¥ ∑”„Àâ “¡“√∂≈¥§«“¡º‘¥æ≈“¥¢Õß
°“√«—¥ °“√∂à“¬‚Õπ¢âÕ¡Ÿ≈ ·≈–°“√ª√–¡«≈º≈°“√ Õ∫‡∑’¬∫
√«¡∑—Èß‡æ‘Ë¡§«“¡√«¥‡√Á«„π°“√„Àâ∫√‘°“√ Õ∫‡∑’¬∫ Õ’°∑—Èß¬—ß¡’
√“§“∂Ÿ°°«à“∑’Ë́ ◊ÈÕ®“°µà“ßª√–‡∑»ª√–¡“≥ 7 ‡∑à“ πÕ°®“°π’È‰¥â
¡’°“√ √â“ß·≈–æ—≤π“¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å ∑’Ë¡’
ª√– ‘∑∏‘¿“æ‰¡à¥âÕ¬°«à“∑’Ë́ ◊ÈÕ®“°µà“ßª√–‡∑»
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