
Ðåñßëçøç

Óôçí ðáñïýóá åñãáóßá ãßíåôáé êáô� áñ÷Þí ðáñïõóßáóç ôçò ôå÷íïëï-

ãßáò ðïõ ÷ñçóéìïðïéåßôáé ãéá ôï ó÷åäéáóìü åíüò óõóôÞìáôïò Ï÷çìÜ-

ôùí Áõôüìáôçò ÐëïÞãçóçò ãéá ôçí åîõðçñÝôçóç ôùí ìåôáöïñéêþí

áíáãêþí åíüò ÅõÝëéêôïõ ÓõóôÞìáôïò Êáôåñãáóéþí. Óôç óõíÝ÷åéá,

åîåôÜæïíôáé ëýóåéò óôá ðñïâëÞìáôá ôçò åãêáôÜóôáóçò ó÷åôéêÜ ìå ôç

ó÷åäßáóç ôïõ äéêôýïõ, ôçí åêëïãÞ ìç÷áíéóìïý öïñôïåêöüñôùóçò

ðáëåôþí, ôçí åîáóöÜëéóç áêñßâåéáò óôÜèìåõóçò, ôï óýóôçìá ðëïÞ-

ãçóçò ôùí ÏÁÐ, ôï óýóôçìá åëÝã÷ïõ ôçò êõêëïöïñßáò, ôï óýóôçìá

åðéêïéíùíßáò ï÷çìÜôùí êáé êåíôñéêïý Ç/Õ êáèþò êáé ìå ôçí áîéïëü-

ãçóç ôçò ó÷åäßáóçò ìÝóù ðñïãñÜììáôïò åîïìïßùóçò ãñáììÝíïõ óôç

ãëþóóá ECSL. Ôï ôåëåõôáßï êáôÝäåéîå üôé ç êáëýôåñç ëýóç ìå êñéôÞ-

ñéá ôçí ðáñáãùãéêüôçôá ôïõ ÅÓÊ êáé ôç ÷ùñçôéêüôçôá åíäéÜìåóçò

áðïèÞêåõóçò åßíáé ôï äéêáôåõèõíôéêü äßêôõï ìïñöÞò ãñáììÞò ìå Ýíá

ü÷çìá êáé ôï äéêáôåõèõíôéêü äßêôõï ìïñöÞò âñü÷ïõ ìå äýï ï÷Þìáôá

ãéá ôçí êÜëõøç ðéèáíÞò áëëáãÞò ôïõ ìåßãìáôïò ðñïúüíôùí ôïõ ÅÓÊ.

Ôï ôåëåõôáßï, üðùò êáé ç ðïëéôéêÞ åðéëïãÞò ï÷Þìáôïò êáé ðáëÝôáò,

åßíáé âáóéêïß ðáñÜãïíôåò äéáöïñïðïßçóçò ôçò ôåëéêÞò ëýóçò. 

1. ÅÉÓÁÃÙÃÇ

Ôá ï÷Þìáôá áõôüìáôçò ðëïÞãçóçò (ÏÁÐ) åßíáé ôï ðåñéó-

óüôåñï åîåëéãìÝíï ôå÷íïëïãéêÜ ìÝóï ìåôáöïñÜò óå óýã÷ñï-

íï ðåñéâÜëëïí ðáñáãùãÞò, üðùò áõôü ôõðéêÜ åêöñÜæåôáé

óôá ÅõÝëéêôá ÓõóôÞìáôá Êáôåñãáóéþí. ÅõÝëéêôï Óýóôçìá

Êáôåñãáóéþí (ÅÓÊ) åßíáé Ýíá óýóôçìá ðáñáãùãÞò ðïõ

åêìåôáëëåýåôáé ìéêñïçëåêôñïíéêÞ êáé ìç÷áíïëïãßá, ìå

óêïðü íá åöáñìïóôåß ç ïéêïíïìßá ôçò ìáæéêÞò ðáñáãùãÞò

óôçí ðáñáãùãÞ óå ìéêñÝò êáé ìåóáßïõ ìåãÝèïõò ìåñßäåò. Ç

ñïÞ ôùí õëéêþí, ç ëåéôïõñãßá ôùí åðéìÝñïõò óôïé÷åßùí êáé ç

ñïÞ ôùí ðëçñïöïñéþí ôÝôïéùí óõóôçìÜôùí ðáñáãùãÞò

êáèïñßæïíôáé êáé åëÝã÷ïíôáé áðü çëåêôñïíéêïýò õðïëïãé-

óôÝò.

¸íá áõôüìáôï Þ ìç ìÝóï ìåôáöïñÜò ãéá ôçí åîõðçñÝôç-

óç åíüò ÅÓÊ ìåôáöÝñåé [2]:

l ÁêáôÝñãáóôá õëéêÜ áðü ôï óôáèìü áðïèÞêåõóçò óôï

óôáèìü ðñïåôïéìáóßáò.

l ÉäéïóõóêåõÝò êáé ðáëÝôåò áðü ôï óôáèìü áðïèÞêåõóçò

óôï óôáèìü ðñïåôïéìáóßáò êáé áíôßóôñïöá.

l Çìé-êáôåñãáóìÝíá ðñïúüíôá ðñïóáñìïóìÝíá óå ðáëÝôåò

áðü óôáèìü óå óôáèìü óýìöùíá ìå ôï öáóåïëüãéï êÜèå

ðñïúüíôïò.

l Åñãáëåßá áðü ôï óôáèìü áðïðáëåôïðïßçóçò óôïõò áíôß-

óôïé÷ïõò óôáèìïýò êáôåñãáóßáò.

l ¸ôïéìá ðñïúüíôá áðü ôï óôáèìü ðñïåôïéìáóßáò óôï ÷þñï

áðïèÞêåõóçò.

l Áðüâëçôï õëéêü êõñßùò áðü ôïõò óôáèìïýò êáôåñãáóßáò

êáé ôï óôáèìü êáèáñéóìïý ðñïò ôïõò ÷þñïõò äéÜèåóçò

ôïõ áðïâëÞôïõ.

l ÕëéêÜ óõíôÞñçóçò, õãñÜ êïðÞò ê.ëð.

Óôá åðüìåíá ðáñïõóéÜæïíôáé ç åêëïãÞ ðáñáìÝôñùí êáé ï

ó÷åäéáóìüò ôïõ óõóôÞìáôïò ï÷çìÜôùí áõôüìáôçò ðëïÞãç-

óçò ãéá Ýíá óõãêåêñéìÝíï ÅÓÊ.

2. ÔÏ ÅÓÊ ÔÏÕ UMIST

Ôï óýóôçìá, ðïõ öáßíåôáé óôï ó÷Þìá 1, åßíáé Ýíá ôõðéêü

ìéêñïý ìåãÝèïõò ÅÓÊ ãéá ôçí ðáñáãùãÞ áîïíïóõììåôñéêþí

êáé ðñéóìáôéêþí ôåìá÷ßùí. Ôá ðåñéóóüôåñá óôïé÷åßá ôïõ

åßíáé Þäç åãêáôåóôçìÝíá óôï ÐáíåðéóôÞìéï UMIST ôçò

Âñåôáíßáò. Ôï óýóôçìá ðåñéëáìâÜíåé Ýíá êÝíôñï êáôåñãá-

óéþí CNC, Ýíáí ôüñíï CNC, Ýíá óôáèìü êáèáñéóìïý çìéÝ-

ôïéìùí êáé Ýôïéìùí ðñïúüíôùí, ìßá ìç÷áíÞ ìÝôñçóçò äéá-

óôÜóåùí (CMM), Ýíá óôáèìü ðñïóùñéíÞò áðïèÞêåõóçò

ðñïúüíôùí êáé ôï óôáèìü ðñïåôïéìáóßáò åñãáëåßùí êáé

ðáëåôþí ðïõ åßíáé êáé ï ìüíïò åîõðçñåôïýìåíïò áðü áíèñþ-

ðéíï äõíáìéêü.

Ôá ôìÞìáôá ðñïóùñéíÞò áðïèÞêåõóçò, ðïõ õðÜñ÷ïõí óå

êÜèå óôáèìü ôïõ óõóôÞìáôïò, åßíáé äýï èÝóåùí êáé áðïôå-

ëïýí ïõóéáóôéêÜ óçìåßá ðáñáëáâÞò-ðáñÜäïóçò çìéÝôïéìùí

Þ Ýôïéìùí ðñïúüíôùí áðü êáé ðñïò ôá Ï÷Þìáôá Áõôüìáôçò

ÐëïÞãçóçò.
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Ãéá ôçí ðëçñÝóôåñç êáôáíüçóç ôçò ëåéôïõñãßáò åíüò

ôÝôïéïõ óõóôÞìáôïò ðáñáãùãÞò êáé ôïõ ñüëïõ ôïõ ìåôáöï-

ñéêïý ìÝóïõ óå áõôü ðáñáôßèåôáé ç áêüëïõèç ôõðéêÞ óåéñÜ

ãåãïíüôùí:

l ¸íá áíôéêåßìåíï ðñïò êáôåñãáóßá åéóÝñ÷åôáé óôï óôáèìü

áðïèÞêåõóçò ôïõ óõóôÞìáôïò êáé êáôáãñÜöåôáé áðü ôï

óýóôçìá åëÝã÷ïõ.

l Ç êáôÜëëçëç ðáëÝôá êáé éäéïóõóêåõÞ óõãêñÜôçóçò

ìåôáöÝñïíôáé óôï óôáèìü ðñïåôïéìáóßáò.

l Ôï ðñïò êáôåñãáóßá áíôéêåßìåíï ìåôáöÝñåôáé óôï óôáè-

ìü ðñïåôïéìáóßáò, ðñïóáñìüæåôáé óôçí ðáëÝôá êáé åíç-

ìåñþíåôáé ôï óýóôçìá åëÝã÷ïõ.

l Ãéá êÜèå ôýðï áíôéêåéìÝíïõ ï Ç/Õ ôçñåß ìßá ëßóôá ôùí

áðáñáßôçôùí äéáäï÷éêþí óôáèìþí êáé Ýôóé êáèïñßæåé ôïí

åðüìåíï ðñïïñéóìü ôïõ áíôéêåéìÝíïõ. Áí áõôüò åßíáé

êáôåéëçììÝíïò, ôüôå ôï áíôéêåßìåíï ìåôáöÝñåôáé óôï

óôáèìü ðñïóùñéíÞò áðïèÞêåõóçò.

l Ôï óýóôçìá ìåôáöïñÜò ðáñáëáìâÜíåé ôõ÷üí Üëëá çìé-

êáôåñãáóìÝíá áíôéêåßìåíá ðïõ áíáìÝíïõí óôïí ßäéï

óôáèìü ðñïïñéóìïý.

l ÌåôÜ ôç ìåôáöïñÜ óôï óôáèìü îåêéíÜåé ï êýêëïò êáôåñ-

ãáóßáò ôïõ áíôéêåéìÝíïõ åêåß. Áöïý ôåëåéþóåé áõôÞ, åíç-

ìåñþíåôáé ôï óýóôçìá åëÝã÷ïõ êáé åðáíáëáìâÜíïíôáé ôá

ôåëåõôáßá ôñßá âÞìáôá.

l Ï ôåëåõôáßïò óôáèìüò óôç ëßóôá êÜèå ôýðïõ ðñïúüíôïò

åßíáé ï óôáèìüò ðñïåôïéìáóßáò, üðïõ ôï êáôåñãáóìÝíï

ðëÝïí áíôéêåßìåíï áðï÷ùñßæåôáé áðü ôçí ðáëÝôá êáé

ìåôáöÝñåôáé óôï ÷þñï áðïèÞêåõóçò.

3. ÔÏ Ï×ÇÌÁ
3.1. ÐáñÜìåôñïé êáôáóêåõÞò ÏÁÐ

Ï êáôáëëçëüôåñïò ôýðïò ÏÁÐ ãéá ÷ñÞóç óå ÅÓÊ åßíáé

áõôüò ôïõ ìïíáäéáßïõ öïñôßïõ, âë. ó÷Þìá 2, ìå äõíáôüôçôá

ìåôáöïñÜò ìÝ÷ñé 300 kg [2].

Ç èÝóç ôùí ôñï÷þí ôïõ ï÷Þìáôïò åßíáé óçìáíôéêÞ ãéá

ôçí åõóôÜèåéá ôïõ óõóôÞìáôïò åëÝã÷ïõ áëëÜ êáé ãéá ôçí éêá-

íüôçôÜ ôïõ íá áêïëïõèåß áðüôïìåò óôñïöÝò. Ôñßêõêëá ÏÁÐ

åßíáé ìßá áðü ôéò äõíáôÝò ëýóåéò, áëëÜ õðÜñ÷åé ðñüâëçìá

åõóôÜèåéáò ôïõ óõóôÞìáôïò åëÝã÷ïõ êáôÜ ôçí áíÜóôñïöç

öïñÜ êßíçóçò [3]. Ç åðéêñáôÝóôåñç ëýóç åßíáé áõôÞ ôçò äéá-

öïñéêÞò êßíçóçò ôùí äýï êýñéùí ôñï÷þí, ôïðïèåôçìÝíùí

óôá ðëÜãéá ôïõ ï÷Þìáôïò êáé êéíïýìåíùí áðü áíåîÜñôçôïõò

êéíçôÞñåò óõíå÷ïýò ñåýìáôïò, åíþ äýï áêüìç ðáíôïêáôåõ-

èõíôéêïß ôñï÷ïß óôï êÝíôñï åìðñüò êáé óôï êÝíôñï ðßóù ôïõ

ï÷Þìáôïò äéáôçñïýí ôçí éóïññïðßá ôïõ.

Ç åíÝñãåéá ëåéôïõñãßáò ðñïÝñ÷åôáé áðü ìðáôáñßåò ðïõ

äéáñêïýí Ýùò 24 þñåò êáé óõíåðþò ðñÝðåé íá öïñôßæïíôáé.

Óôï ÷þñï óôÜèìåõóçò ôïõ ÅÓÊ ôïõ ó÷Þìáôïò 1 ãßíåôáé êáé

öüñôéóç ìðáôáñéþí åßôå åõêáéñéáêÜ åßôå óå ðëÞñç êýêëï.

Ãéá ìéêñÝò åãêáôáóôÜóåéò áíôéêáôÜóôáóç ìðáôáñéþí ìå íÝåò

êáé öüñôéóÞ ôïõò off-line åßíáé ç âÝëôéóôç ëýóç.

Ç ìÝãéóôç ôá÷ýôçôá ôïõ ÏÁÐ ìðïñåß íá åßíáé Ýùò ðåñß-

ðïõ 36 ÷ëì./þñá [2]. Ç áêéíçôïðïßçóç ôïõ ï÷Þìáôïò óå

ðåñßðôùóç êéíäýíïõ óýãêñïõóçò ðñáãìáôïðïéåßôáé ìå

÷ñÞóç ðñïöõëáêôÞñùí ìïñöÞò çìéêõëéíäñéêïý åëÜóìáôïò

áíáñôçìÝíïõ óôï åìðñüò êáé ðßóù ìÝñïò ôïõ ÏÁÐ êáé öÝñï-
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Ó÷Þìá 1: Ôï ÅÓÊ ôïõ UMIST.

Figure 1: UMIST FMS.



9Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, IV, ôåý÷. 1-2  2000  Tech. Chron. Sci. J. TCG, IV, No 1-2

Ó÷Þìá 2: Ôõðéêü ÏÁÐ ãéá ÅÓÊ ìå ìç÷áíéóìü þóçò - Ýëîçò ãéá öïñ-

ôïåêöüñôùóç ðáëåôþí.

Figure 2: Typical AGV with push-pull mechanism for pallet loa-

ding / unloading.

Ó÷Þìá 3: Ìç÷áíéóìïß öïñôïåêöüñôùóçò ðáëåôþí (á) ìå êõëéüìåíá

ñÜïõëá, (â) ìå ðëáôöüñìá �÷éáóôß�.

Figure 3: Pallet loading / unloading mechanisms (a) roller-type,

(b) scissor type.

íôïò ìéêñïäéáêüðôåò óôéò êáôÜëëçëåò èÝóåéò, âë. ó÷Þìá 2, Þ

óõìðáãïýò ìðëüê õëéêïý åõáßóèçôïõ óôçí ðáñáìéêñÞ

ðßåóç. Óõìðëçñùìáôéêü ìÝôñï áóöáëåßáò åßíáé óýóôçìá

õðåñÞ÷ùí Þ õðÝñõèñçò áêôéíïâïëßáò ãéá ôç óÜñùóç ôïõ

÷þñïõ åìðñüò áðü ôï ÏÁÐ. ÅÜí åíôïðéóèåß åìðüäéï, áíáêü-

ðôåôáé ç ôá÷ýôçôá ôïõ ï÷Þìáôïò êáé ôåëéêÜ áõôü óôáìáôÜ

ëßãï ðñéí äßíïíôáò ç÷çôéêü/ïðôéêü óÞìá ãéá íá áðïìáêñõí-

èåß ôï åìðüäéï [2].

3.2. Ìç÷áíéêÜ interfaces

Óçìáíôéêü ôìÞìá ôïõ ÏÁÐ åßíáé ç ðëáôöüñìá / ìç÷áíé-

óìüò öïñôïåêöüñôùóçò. Ç áñ÷Þ ëåéôïõñãßáò êáé ç ìïñöÞ

ôïõ åîáñôþíôáé áðü ôïí ôýðï ôçò ðáëÝôáò ðñïò ÷ñÞóç. Åîå-

ôÜóôçêáí ôñåéò ìç÷áíéóìïß [4].

Ï ðñþôïò ìç÷áíéóìüò, âë. ó÷Þìá 3(á), åßíáé ôýðïò ìåôá-

öïñéêÞò ôáéíßáò ìå ñÜïõëá ðïõ ðáßñíïõí êßíçóç áðü êéíç-

ôÞñá ôïõ ÏÁÐ êáé ôç ìåôáäßäïõí óôï óõíåñãáæüìåíï ôìÞìá

ôïõ óôáèìïý ôïõ ÅÓÊ. Ï ìç÷áíéóìüò áõôüò åßíáé áðëüò êáé

ïéêïíïìéêüò, áëëÜ ç áêñßâåéá ìåôáöïñÜò ðñÝðåé íá áðïäåé-

÷èåß ìå ðñáêôéêÝò äïêéìÝò.

Ï äåýôåñïò ìç÷áíéóìüò, âë. ó÷Þìá 2, åßíáé ìç÷áíéóìüò

þóçò-Ýëîçò ðïõ ôïðïèåôåßôáé óôï ôñáðÝæé ðïõ ðåñéãñÜöçêå

ðáñáðÜíù êáé ôï ïðïßï áíåâáßíåé êáé êáôåâáßíåé ìÝóù

õäñáõëéêïý óõóôÞìáôïò. ÁõôÞ ç ëýóç åßíáé ðïëõðëïêüôåñç

êáé óôçí ðñÜîç åßíáé ðïëëÝò öïñÝò ðñïâëçìáôéêÞ ç ëåé-

ôïõñãßá ôùí åéäéêþí çëåêôñïìáãíçôéêþí äéáôÜîåùí ðïõ

÷ñçóéìïðïéåß ãéá ôç ìåôáôüðéóç ðáëåôþí.

Ï ôñßôïò ìç÷áíéóìüò, âë. ó÷Þìá 3(â), åßíáé ðáñáëëáãÞ

ôïõ ðñïçãïýìåíïõ. Ï óôáèìüò õðïäï÷Þò Ý÷åé ó÷Þìá ðåôÜ-

ëïõ êáé Ýôóé áðïöåýãåôáé ï ìç÷áíéóìüò þóçò-Ýëîçò ôïõ

ÏÁÐ. Ç ëýóç áõôÞ ðñïóöÝñåôáé ãéá ôçí ðåñßðôùóç ôùí

óôáèìþí áðïèÞêåõóçò ðñïúüíôùí êáé ðáëåôþí, áëëÜ áðáé-

ôåß óõìðëçñùìáôéêü åîïðëéóìü ãéá åîõðçñÝôçóç åñãáëåéï-

ìç÷áíþí.

Ç áêñßâåéá ôïðïèÝôçóçò ôïõ ìç÷áíéóìïý öïñôïåêöüñ-

ôùóçò ðáëåôþí ôïõ ÏÁÐ óå ó÷Ýóç ìå ôï óôáèìü õðïäï÷Þò

ìðïñåß íá åîáóöáëéóôåß óôç äåýôåñç êáé ôñßôç ðáñáðÜíù

ðåñßðôùóç ìÝóù êùíéêþí ðñïåîï÷þí óôï óôáèìü õðïäï÷Þò

ðïõ óõíåñãÜæïíôáé ìå êùíéêÝò êïéëüôçôåò óôá áíôßóôïé÷á

óçìåßá ôïõ ìç÷áíéóìïý öïñôïåêöüñôùóçò, âë. ó÷Þìá 4.

3.3. Óýóôçìá åëÝã÷ïõ ÏÁÐ 

Ôï ü÷çìá áêïëïõèåß ãéá ôçí ðëïÞãçóÞ ôïõ Ýíá êáëþäéï

ðïõ âñßóêåôáé 5-10 åê. êÜôù áðü ôï Ýäáöïò êáé óôï ïðïßï

êõêëïöïñåß ñåýìá ôÜóçò 40 V, Ýíôáóçò ðåñß ôá 400 mA êáé

óõ÷íüôçôáò 1-15 ÊHz [1]. ¸íá æåõãÜñé åéäéêþí ðçíßùí ÷ñç-

óéìïðïéåßôáé óôï ÏÁÐ ãéá ôïí åíôïðéóìü ôïõ êáëùäßïõ, âë.

ó÷Þìá 5. Ç äéáöïñÜ ôùí óçìÜôùí áðü ôá äýï ðçíßá åßíáé

áíÜëïãç ôçò äéáöïñÜò ôçò áðüóôáóÞò ôïõò áðü ôï êáëþäéï

êáé ÷ñçóéìïðïéåßôáé óå óýóôçìá åëÝã÷ïõ êëåéóôïý âñü÷ïõ.

Ó÷Þìá 4: Ó÷åäßáóç óõóôÞìáôïò áêñéâïýò óôÜèìåõóçò ìç÷áíéóìïý

äéá÷åßñéóçò ðáëåôþí.

Figure 4: Design of precision positioning of palletiser.



Ëýóåéò áõôüíïìçò ðëïÞãçóçò ÷ùñßò êáëþäéï ìÝóù laser,

õðåñÞ÷ùí, õðÝñõèñçò áêôéíïâïëßáò ê.ëð. ãéá ôïí åíôïðéóìü

ôùí áíôéêåéìÝíùí ôïõ ðåñéâÜëëïíôïò [2] êñßíïíôáé åîùôéêÝò

êáé ïéêïíïìéêÜ áóýìöïñåò, äåäïìÝíïõ üôé ïé äéáäñïìÝò, ðïõ

åêôåëåß ôï ÏÁÐ, åßíáé ðñïêáèïñéóìÝíåò êáé äåí ðñïâëÝðåôáé

åðÝêôáóç ôïõ ÅÓÊ.

Áðü ôçí Üðïøç ôïõ hardware ôïõ äéêôýïõ, ðïõ åßíáé áðá-

ñáßôçôï ãéá ôçí áõôüìáôç ðëïÞãçóç ôùí ÏÁÐ, åöáñìüæåôáé

ç ìÝèïäïò ôçò ��åêëïãÞò óõ÷íüôçôáò��, üðïõ óå êÜèå êëÜäï

ðïõ óõãêëßíåé óå Ýíáí êüìâï ôïõ äéêôýïõ êõêëïöïñåß ñåýìá

äéáöïñåôéêÞò óõ÷íüôçôáò Ýôóé, þóôå åêëïãÞ åíüò êëÜäïõ

ðñïò êßíçóç óçìáßíåé ïõóéáóôéêÜ óõíôïíéóìü ôïõ ÏÁÐ óå

áõôÞ ôç óõ÷íüôçôá. ÅíáëëáêôéêÜ, ç ìÝèïäïò ��åêëïãÞò êëÜ-

äïõ�� óõíßóôáôáé óôç äéáêïðÞ ôïõ ñåýìáôïò üëùí ôùí êëÜ-

äùí åíüò êüìâïõ åêôüò ôïõ ôñÝ÷ïíôïò êáé ôïõ åðïìÝíïõ,

ìÝóù åéäéêÞò äéÜôáîçò åãêáôåóôçìÝíçò óå êÜèå êëÜäï. Ç

ðñþôç ìÝèïäïò åßíáé áðëïýóôåñç, Üñá ðéï áîéüðéóôç, áëëÜ

áðáéôåß îå÷ùñéóôÞ ôñïöïäïóßá ãéá êÜèå óõ÷íüôçôá.

ÊáôÜ ôç äéáäéêáóßá áíôáëëáãÞò ðáëåôþí ìåôáîý ÏÁÐ

êáé óôáèìþí ôïõ ÅÓÊ, êÜèå ðáëÝôá öÝñåé êùäéêü áíáãíþñé-

óçò åßôå óå programmable read only memory (PROM) ôóßð,

ðïõ äéáâÜæåôáé áðü ôïí ìéêñïåðåîåñãáóôÞ ôïõ ÏÁÐ, åßôå óå

bar-code.

Ç ïñèüôçôá ôçò èÝóçò ôïõ ÏÁÐ åëÝã÷åôáé áðü ìéêñïäéá-

êüðôåò ôïðïèåôçìÝíïõò Ýôóé, þóôå íá êëåßíïõí ìåôÜ áðü

ðßåóç áðü êÜðïéï óõãêåêñéìÝíï óçìåßï ôïõ ï÷Þìáôïò. Ìå

ôïí ßäéï ôñüðï åëÝã÷åôáé êáé ç ðáñïõóßá ôçò ðáëÝôáò óôç

óùóôÞ èÝóç.

3.4. Óýóôçìá åðéêïéíùíßáò

�ÄéáêåêñéìÝíç� åðéêïéíùíßá âáóßæåôáé óå åðáãùãéêÜ Þ

ïðôéêÜ óõóôÞìáôá. ÅðáãùãéêÜ åðéêïéíùíåß Ýíá ÏÁÐ, ìüíï

üôáí âñßóêåôáé åðÜíù áðü åéäéêïýò âñü÷ïõò åìöõôåõìÝíïõò

óôï äÜðåäï, ï êáèÝíáò áðü ôïõò ïðïßïõò Ý÷åé óõãêåêñéìÝíç

äéåýèõíóç - êùäéêü. Áíôßóôïé÷á ëåéôïõñãïýí êáé óõóôÞìáôá

LED Þ õðåñýèñùí. Ç èÝóç, üìùò, ôùí óçìåßùí åðéêïéíùíßáò

åðçñåÜæåé ôçí áðüäïóç ôïõ óõóôÞìáôïò. Áõôü äåí óõìâáß-

íåé ìå ôç ìÝèïäï ôçò óõíå÷ïýò åðéêïéíùíßáò ìÝóù ñáäéïóõ-

÷íïôÞôùí, ç ïðïßá üìùò åßíáé åõáßóèçôç óå çëåêôñïìáãíç-

ôéêü ��èüñõâï�� ðáñáãüìåíï áðü ìåãÜëïõò êéíçôÞñåò, åîï-

ðëéóìü óõãêïëëÞóåùí ê.ëð., âë. ó÷Þìá 6.

Ï óôáèìüò õðïäï÷Þò êáé ôï ÏÁÐ, ðïõ óôáèìåýåé ìðñï-

óôÜ ôïõ, åðéêïéíùíïýí âÜóåé ðñùôïêüëëïõ ðïõ Ý÷åé óõíÞ-

èùò áíáðôõ÷èåß áðü ôïí êáôáóêåõáóôÞ ôïõ ï÷Þìáôïò. ¸íáò

äõíáôüò ôñüðïò õëïðïßçóçò áõôïý ôïõ ðñùôïêüëëïõ åßíáé

ìå ÷ñÞóç ìéáò óåéñÜò LED êáé öùôïêõôôÜñùí óôï ü÷çìá êáé

óôï óôáèìü õðïäï÷Þò. 

Ãéá ôçí åðéêïéíùíßá ôïõ ÏÁÐ ìå ôï ðåñéâÜëëïí ôïõ õéï-

èåôÞèçêáí ìéêñïóêïðéêÜ PROM ìå ìíÞìç óõíÞèùò 1 Kb

üðïõ áðïèçêåýïíôáé åýêïëá ïðïéáäÞðïôå áëöáñéèìçôéêÜ

äåäïìÝíá [4]. ¼ôáí ôï PROM áðÝ÷åé ðåñßðïõ 1 m áðü åéäé-

êü ðïìðïäÝêôç, åíåñãïðïéåßôáé êáé ï êþäéêáò ìåôáäßäåôáé

ôåëéêÜ óôï óýóôçìá åëÝã÷ïõ. Ôá PROMs ìðïñïýí íá ôïðï-

èåôçèïýí óå äéÜöïñåò èÝóåéò ôïõ äéêôýïõ êáé ï ðïìðïäÝêôçò

óôï ü÷çìá. Áíáãíùñßóéìåò èÝóåéò ìðïñåß íá óçìáôïäïôïýí

ð.÷. ôçí Ýíáñîç åðéâñÜäõíóçò ôïõ ï÷Þìáôïò ðñéí áðü ôç

óôÜèìåõóç óå Ýíá óôáèìü õðïäï÷Þò. ÁõôÞ ç ôå÷íïëïãßá

äéåõêïëýíåé ôçí åðÝêôáóç ôïõ äéêôýïõ.

4. ÔÏ ÄÉÊÔÕÏ
4.1. Ó÷åäßáóç äéêôýïõ

Ç äõóêïëßá ôïõ ðñïâëÞìáôïò Ýãêåéôáé óôï üôé äåí åßíáé

ãíùóôÞ åê ôùí ðñïôÝñùí ç ðõêíüôçôá êõêëïöïñßáò ìåôáîý

äéáöüñùí óôáèìþí ôïõ ÅÓÊ êáé óôï üôé åìðëÝêåôáé êáé ï

ôáõôü÷ñïíïò êáèïñéóìüò áñéèìïý ï÷çìÜôùí êáé áëãïñßèìùí

åëÝã÷ïõ êõêëïöïñßáò. Êáô� áñ÷Þí, ç ýðáñîç åíáëëáêôéêþí

äéáäñïìþí ìåôáîý óôáèìþí, ç ìéêñÞ áðüóôáóç ôïõ ÷þñïõ
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Ó÷Þìá 5: Áñ÷Þ áõôüìáôçò ðëïÞãçóçò ÏÁÐ.

Figure 5: Automatic guidance principle.

Ó÷Þìá 6: ÌÝèïäïò åðéêïéíùíßáò ÏÁÐ ìå êåíôñéêü Ç/Õ.

Figure 6: Communication of AGV and central controller.



öüñôéóçò ìðáôáñéþí êáé ç èåþñçóç ôçò ìÝãéóôçò áðáßôçóçò

ðáñáãùãÞò ïäçãïýí óå êáëýôåñá áðïôåëÝóìáôá ó÷åäßáóçò [5].

Äßêôõï áðëÞò öïñÜò êõêëïöïñßáò åßíáé åõêïëüôåñï íá

åëåã÷èåß áðü áõôü äéðëÞò êõêëïöïñßáò, ðñïêåéìÝíïõ ðåñß

ìåãÜëïõ áñéèìïý ÏÁÐ. Ãéá Ýíá Ýùò ôñßá ï÷Þìáôá, üìùò, ôï

äßêôõï äéðëÞò êõêëïöïñßáò åí ãÝíåé ðñïóöÝñåôáé, ãéáôß áðáé-

ôåß ëéãüôåñá ÏÁÐ ãéá ßäéá ðáñáãùãéêüôçôá ìå ôï áðëÞò

öïñÜò êáé Ý÷åé ìéêñüôåñï ìÞêïò êáëùäéþóåùí [6].

Áðü üëïõò ôïõò äõíáôïýò êëÜäïõò ×ij ðïõ ìðïñåß íá

óõíäÝïõí áíÜ äýï ôïõò óôáèìïýò i, j åíüò ÅÓÊ, ãéá ðñïöá-

íåßò ëüãïõò ïéêïíïìßáò êáé ÷þñïõ, ìüíï ëßãïé ôåëéêÜ õëïðïé-

ïýíôáé. Ãéá ôïõò êëÜäïõò ðïõ õëïðïéïýíôáé ×ij=1, áëëéþò

×ij=0 [5]. ¸íáò ôñüðïò íá âñåèïýí áõôïß åßíáé ç åëá÷éóôï-

ðïßçóç ìéáò óõíÜñôçóçò ��êüóôïõò�� áðïôåëïýìåíçò áðü ôï

Üèñïéóìá ðáíïìïéüôõðùí üñùí ãéá üëá ôá æåýãç êüìâùí.

ÊÜèå ôÝôïéïò üñïò åßíáé ôï ãéíüìåíï ôçò ðõêíüôçôáò êõêëï-

öïñßáò åðß ôï ìÝóï ìÞêïò ôùí ôåóóÜñùí óõíôïìüôåñùí äñü-

ìùí ìåôáîý ôùí äýï êüìâùí. Ç åëá÷éóôïðïßçóç ãßíåôáé

ìÝóù åõñåôéêïý áëãïñßèìïõ Þ ìå ëïãéóìéêü ãñáììéêïý ðñï-

ãñáììáôéóìïý.

4.2. Óýóôçìá åëÝã÷ïõ äéêôýïõ

Ï Ýëåã÷ïò ôïõ äéêôýïõ ðåñéëáìâÜíåé Ýëåã÷ï êõêëïöïñßáò

êáé êáèïñéóìü áðïóôïëÞò ôùí ÏÁÐ. 

Ï Ýëåã÷ïò ôçò êõêëïöïñßáò ãßíåôáé ìå ôï ÷ùñéóìü ôïõ

äéêôýïõ óå æþíåò, üðïõ ð.÷. êÜèå æþíç áðïôåëåßôáé áðü Ýíáí

êëÜäï. ¾ðáñîç åíüò ÏÁÐ óå ìßá æþíç óçìáßíåé áðáãüñåõ-

óç åéóüäïõ óå áõôÞ ôç æþíç ïðïéïõäÞðïôå Üëëïõ ÏÁÐ [2].

Ï Ýëåã÷ïò ôçò êõêëïöïñßáò ìðïñåß íá ãßíåé åßôå áðü ôïí

êåíôñéêü õðïëïãéóôÞ åßôå áðü åðéìÝñïõò õðïëïãéóôÝò ðïõ

åðéâëÝðïõí ôìÞìáôá ôïõ äéêôýïõ. Ãéá ìéêñü áñéèìü ï÷çìÜ-

ôùí ðñïôéìÜôáé ï êåíôñéêüò Ýëåã÷ïò [7].

ÁíÜèåóç áðïóôïëÞò óçìáßíåé åðéëïãÞ ôïõ êáôÜëëçëïõ

êåíïý ï÷Þìáôïò êáé ôçò êáôÜëëçëçò êåíÞò Þ öïñôùìÝíçò

ðáëÝôáò ðïõ áõôü èá ðáñáëÜâåé ðñïò ìåôáöïñÜ. Ï êáèïñé-

óìüò áðïóôïëÞò ãßíåôáé óå êåíôñéêü õðïëïãéóôÞ, ï ïðïßïò

ôçñåß ��÷Üñôç�� ôïõ äéêôýïõ åíçìåñùìÝíï ùò ðñïò ôç èÝóç

êáé ôçí êáôÜóôáóç ôïõ êÜèå ÏÁÐ [8]. ¼ôáí Ýíá ìüíï ü÷çìá

åßíáé äéáèÝóéìï êáé ðåñéóóüôåñåò áðü ìßá ðáëÝôåò ðåñéìÝ-

íïõí ðáñáëáâÞ, ïé áêüëïõèïé êáíüíåò ìðïñïýí íá åöáñìï-

óèïýí:

l ðáñáëáâÞ ôõ÷áßáò ðáëÝôáò (Ð1),

l ðáñáëáâÞ ôçò ðëçóéÝóôåñçò óôï ÏÁÐ ðáëÝôáò (Ð2),

l ðáñáëáâÞ ðáëÝôáò áðü ôï óôáèìü üðïõ ðåñéìÝíïõí ïé

ðåñéóóüôåñåò ðáëÝôåò (Ð3),

l ðáñáëáâÞ ôçò ðáëÝôáò ìå ôï ìáêñüôåñï ÷ñüíï áíáìïíÞò

(Ð4),

l ðáñáëáâÞ ðáëåôþí êáôÜ óåéñÜ ÷ñüíïõ áíáìïíÞò ùò

ðïóïóôïý ôïõ óõíïëéêïý ÷ñüíïõ êáôåñãáóßáò (Ð5),

l ðáñáëáâÞ ðáëÝôáò êáôÜ óåéñÜ (åîùôåñéêÜ êáèïñéæüìå-

íçò) ðñïôåñáéüôçôáò (Ð6).

Áí ðåñéìÝíåé ìüíï ìßá ðáëÝôá êáé åßíáé äéáèÝóéìá ðåñéó-

óüôåñá ï÷Þìáôá, ç åðéëïãÞ ï÷Þìáôïò ìðïñåß íá ãßíåé óýì-

öùíá ìå ôá ðáñáêÜôù êñéôÞñéá:

l åðéëïãÞ ôïõ ÏÁÐ ìå ôï ìáêñüôåñï ÷ñüíï áíáìïíÞò

(Ï1),

l åðéëïãÞ ôïõ ðëçóéÝóôåñïõ óôçí ðáëÝôá ÏÁÐ (Ï2),

l åðéëïãÞ ôïõ ÏÁÐ ìå ôï ìåãáëýôåñï óõíïëéêü ÷ñüíï áíá-

ìïíÞò (êåíü) (Ï3).

Ìå ôçí åöáñìïãÞ åíüò æåýãïõò áðü ôéò ðáñáðÜíù äýï êáôç-

ãïñßåò êáíüíùí õðÜñ÷åé ðéèáíüôçôá íá öèÜóåé ôï óýóôçìá

óå ìïñöÞ ëåéôïõñãéêïý áäéåîüäïõ, åÜí:

l üëïé ïé ðñïóùñéíïß ÷þñïé áðïèÞêåõóçò åßíáé êáôåéëçì-

ìÝíïé,

l üëá ôá ÏÁÐ ìåôáöÝñïõí ðáëÝôåò êáé ïé ÷þñïé áðïèÞ-

êåõóçò åßíáé ðëÞñåéò.

ÁíÜëïãïé êáíüíåò äéÝðïõí êáé ôïí êáèïñéóìü ðñïôåñáéï-

ôÞôùí äéÝëåõóçò ï÷çìÜôùí óõíáíôþìåíùí óå äéáóôáõñþ-

óåéò - êüìâïõò ôïõ äéêôýïõ [9].

4.3. Áîéïëüãçóç ó÷åäéáóìïý äéêôýïõ

Áðü ôá ðáñáðÜíù ðñïêýðôåé üôé ï ó÷åäéáóìüò ôïõ äéêôýïõ

êáé ç áîéïëüãçóç ôùí áëãïñßèìùí åëÝã÷ïõ - ëåéôïõñãßáò ôïõ

ìðïñïýí íá ãßíïõí ìå ôç âïÞèåéá ðñïóïìïßùóçò. 

Ãéá ôéò áíÜãêåò ôçò ðáñïýóáò åñãáóßáò êáô� áñ÷Þí äçìé-

ïõñãÞèçêå Ýíá ìïíôÝëï ôïõ óõóôÞìáôïò ôïõ ó÷Þìáôïò 1, ìå

ôç ìïñöÞ ÄéáãñÜììáôïò Êýêëùí ÄñáóôçñéïôÞôùí (ÄÊÄ),

âë. ó÷Þìá 7). Ìå âÜóç áõôü ãñÜöôçêå êþäéêáò óôç ãëþóóá

ECSL, ï ïðïßïò åêôåëÝóèçêå ãéá äéÜöïñåò ôéìÝò ôùí êõñßùí

ðáñáìÝôñùí-äåäïìÝíùí.

Ôá äåäïìÝíá ðïõ áðáéôïýíôáé åßíáé öõóéêÜ êáé ëïãéêÜ.

ÖõóéêÜ äåäïìÝíá åßíáé ç ðåñéãñáöÞ ôïõ äéêôýïõ (êüìâïé,

êëÜäïé), ÷ñüíïé êáôåñãáóßáò êáé öïñôï-åêöüñôùóçò (öáóåï-

ëüãéï) êÜèå ðñïúüíôïò, âë. ðßíáêá 1, ìßãìá ðñïúüíôùí, ôá÷ý-

ôçôá ôùí ï÷çìÜôùí (åîåôÜóèçêáí ôá÷ýôçôåò 33, 50 êáé 100

cm/s) êáé áñéèìüò ï÷çìÜôùí (1, 2 Þ 3).

ËïãéêÜ äåäïìÝíá åßíáé ï ôýðïò äéêôýïõ (åîåôÜóèçêáí

ìïíïêáôåõèõíôéêüò âñü÷ïò ìå ìÝóç áðüóôáóç óôáèìþí

20.81 m, äéêáôåõèõíôéêÞ ãñáììÞ ìå ìÝóç áðüóôáóç óôáè-

ìþí 7.95 m êáé äéêáôåõèõíôéêüò âñü÷ïò ìå ìÝóç áðüóôáóç

óôáèìþí 9.61 m), êáíüíåò åðéëïãÞò ðáëÝôáò: (êáíüíåò Ð6,

Ð4 êáé Ð5, âë. ðáñÜãñ. 4.2) êáé ÏÁÐ (êáíüíáò Ï1 ìå ðñï-

ôåñáéüôçôá óôá ðáñêáñéóìÝíá ï÷Þìáôá Þ óôá áíáìÝíïíôá óå

óôáèìü åñãáóßáò, êáé êáíüíåò Ï2 êáé Ï3, âë. ðáñÜãñ. 4.2),

êáíüíåò äéÝëåõóçò äéáóôáõñþóåùí ê.ëð. 

Ôá êñéôÞñéá áîéïëüãçóçò ôùí áðïôåëåóìÜôùí åßíáé ôï

ìÞêïò ïõñþí áíáìïíÞò, ï âáèìüò ÷ñçóéìïðïßçóçò ôùí

ÏÁÐ, ôùí êëÜäùí ôïõ äéêôýïõ êáé ôùí óôáèìþí êáôåñãá-
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óßáò ôïõ ÅÓÊ, ï ÷ñüíïò áðáãüñåõóçò ôçò ðñüóâáóçò óå

êÜèå êëÜäï ôïõ äéêôýïõ êáé êõñßùò ç ðáñáãùãéêüôçôá ôïõ

ÅÓÊ. 

Ï ðßíáêáò 2 ðáñïõóéÜæåé ôá áðïôåëÝóìáôá Ýîé äïêéìþí

ðñïóïìïßùóçò ãéá ìßãìá ôñéþí ðñïúüíôùí ìå ôï ßäéï ìÝãåèïò

ðáñôßäáò êáé ìå öáóåïëüãéá ðïõ öáßíïíôáé óôïí ðßíáêá 1,

ãéá äéÜñêåéá ëåéôïõñãßáò ÅÓÊ 8 þñåò ìå åéóáãùãÞ áêáôÝñ-

ãáóôùí õëéêþí óôï óýóôçìá óýìöùíá ìå êáôáíïìÞ Poisson

óôá ðñþôá 20 ëåðôÜ ôïõ 8þñïõ êáé ìå ðïëéôéêÞ åðéëïãÞò

ÏÁÐ áõôÞ ôçò åëÜ÷éóôçò áðüóôáóçò. Öáßíåôáé êáèáñÜ üôé

äåí õðÜñ÷ïõí ïõóéáóôéêÝò äéáöïñÝò üóïí áöïñÜ óôï âáèìü

÷ñçóéìïðïßçóçò êáé ôçí ðáñáãùãéêüôçôá ôïõ ÅÓÊ. Äéáöï-

ñÝò ðáñáôçñïýíôáé êõñßùò óôï ìÝóï ìÞêïò ïõñþí áíáìïíÞò

ðñéí êáé ìåôÜ áðü êÜèå óôáèìü ôïõ ÅÓÊ. Ç ëýóç ôïõ åíüò

ÏÁÐ äçìéïõñãåß áíÜãêç 2 èÝóåùí áðïèÞêåõóçò, åíþ ç

ëýóç ôùí äýï ÏÁÐ áðáéôåß 4-5 ôÝôïéåò èÝóåéò êáôÜ ìÝóï

üñï.

12 Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, IV, ôåý÷. 1-2  2000  Tech. Chron. Sci. J. TCG, IV, No 1-2

Ó÷Þìá 7: ÄéÜãñáììá Êýêëùí ÄñáóôçñéïôÞôùí ôïõ ÅÓÊ ôïõ ó÷Þìáôïò 1.

Figure 7: Activity Cycle Diagram of the FMS of figure 1.

Ðßíáêáò 1: ÄåäïìÝíá ìßãìáôïò ðñïúüíôùí ÅÓÊ ôïõ ó÷Þìáôïò 1.

Table 1: Product mix data for FMS of figure 1.



Óôï ó÷Þìá 8 ðáñïõóéÜæåôáé ç åðßäñáóç ôçò ðïëéôéêÞò

åðéëïãÞò ÏÁÐ êáé ðáëÝôáò óôï ìÞêïò ïõñþí áíáìïíÞò ðñéí

áðü êÜèå óôáèìü êáôåñãáóßáò, ìåôÜ áðü êÜèå óôáèìü

êáôåñãáóßáò êáé óôï óôáèìü åíäéÜìåóçò áðïèÞêåõóçò ãéá

ôñåéò ðåñéðôþóåéò ðïõ êñßèçêáí ðñáêôéêÝò êáé åîåôÜóèçêáí

åðéóôáìÝíá: Ýíá ÏÁÐ óå äéêáôåõèõíôéêÞ ãñáììÞ, äýï ÏÁÐ

óå äéêáôåõèõíôéêü âñü÷ï êáé ôñßá ÏÁÐ óå ìïíïêáôåõèõíôé-

êü âñü÷ï. Óôï ó÷Þìá 9 ðáñïõóéÜæåôáé ãéá ôéò ßäéåò ôñåéò

ðåñéðôþóåéò ç åðßäñáóç óôï âáèìü ÷ñçóéìïðïßçóçò ôùí

ÏÁÐ êáé ôùí óôáèìþí êáôåñãáóßáò ôïõ ÅÓÊ. Óõìðåñáßíå-

ôáé üôé ç áðüäïóç ôïõ äéêôýïõ åîáñôÜôáé ðïëý áðü ôçí ðïëé-

ôéêÞ åðéëïãÞò ï÷Þìáôïò êáé ðáëÝôáò ðïõ èá õéïèåôçèåß. Ôá

ðáñáðÜíù éó÷ýïõí ãéá Ýíá óõãêåêñéìÝíï ìßãìá ðñïúüíôùí

ìå ÷ñüíïõò êáôåñãáóßáò êáé äéá÷åßñéóçò ðïõ öáßíïíôáé óôïí

ðßíáêá 1. Ãéá áõôÝò ôéò óõíèÞêåò Ýíá ü÷çìá ôá÷ýôçôáò 

50 cm/sec áñêåß ãéá ðïëéôéêÞ åðéëïãÞò ÏÁÐ FIFO êáé ðáëÝ-

ôáò óýìöùíá ìå ôïí áðïìÝíïíôá ÷ñüíï êáôåñãáóßáò. ÅðåéäÞ

üìùò áõôü ôï ü÷çìá Ý÷åé âáèìü ÷ñçóéìïðïßçóçò 78%, ãéá íá

êáëõöèåß ç ðåñßðôùóç ìåôáâïëÞò ôïõ ìßãìáôïò ôùí ðñïúü-

íôùí, åðéëÝãåôáé åíáëëáêôéêÜ ç ëýóç ôùí äýï ÏÁÐ ìå áíôß-

óôïé÷á áðïôåëÝóìáôá áëëÜ ìå ìåãáëýôåñåò ìåëëïíôéêÝò

äõíáôüôçôåò.
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Ðßíáêáò 2: Ðáñáäåßãìáôá áðïôåëåóìÜôùí åîïìïßùóçò ôïõ óõóôÞìáôïò ÅÓÊ-ÏÁÐ.

Table 2: Sample FMS-AGV system simulation results.

Ó÷Þìá 8: Åðßäñáóç ðïëéôéêÞò åðéëïãÞò ï÷Þìáôïò - ðáëÝôáò.

Figure 8: Influence of AGV and pallet allocation policy.

5. ÓÕÌÐÅÑÁÓÌÁÔÁ

Ç ìåëÝôç ôïõ óõãêåêñéìÝíïõ ÅÓÊ ôïõ UMIST Ýäåéîå ôá

áêüëïõèá:

l Ç ó÷åäßáóç åíüò äéêôýïõ ÏÁÐ ãéá Ýíá ÅÓÊ áðáéôåß,

åêôüò ôçò ðëÞñïõò ðåñéãñáöÞò ôïõ ÅÓÊ, êáé ëåðôïìåñåéá-

êÞ ãíþóç ôïõ åßäïõò êáé ôçò ðïóüôçôáò ôùí áíôéêåéìÝ-

íùí ðïõ êáôåñãÜæåôáé ôï ÅÓÊ.

l Ï ôýðïò ÏÁÐ ðïõ ðñïôåßíåôáé åßíáé ìïíáäéáßïõ öïñôßïõ

Ó÷Þìá 9: ÐáñáãùãÞ ÅÓÊ ãéá 1, 2, 3 ÏÁÐ óå äéêáôåõèõíôéêÞ ãñáì-

ìÞ, äéêáôåõèõíôéêü âñü÷ï êáé ìïíïêáôåõèõíôéêü âñü÷ï.

Figure 9: FMS  output for 1, 2 and 3 AGVS in bidirectional line,

bidirectional loop and uni-directional loop layout.

(â)



ìå äéêü ôïõ ìéêñïåðåîåñãáóôÞ êáé ðñïçãìÝíá óõóôÞìá-

ôá áóöáëåßáò ìå õðåñÞ÷ïõò.

l Ôï äßêôõï ðñïôåßíåôáé íá åßíáé ãñáììÞ äéðëÞò êáôåýèõí-

óçò ãéá 1 ÏÁÐ Þ âñü÷ïò äéðëÞò êáôåýèõíóçò ãéá 2 ÏÁÐ.

l Ðñïôåßíïíôáé ôñåéò ìç÷áíéóìïß öïñôïåêöüñôùóçò ðáëå-

ôþí öåñüìåíïé åðß ôïõ ÏÁÐ ìå áêñßâåéá óôÜèìåõóçò ôïõ

ÏÁÐ åðéôåýîéìç ìÝóù óõóôÞìáôïò êþíùí åðß ôïõ åäÜ-

öïõò.

l Ç áõôüìáôç ðëïÞãçóç èá óôçñßæåôáé óôç ìÝèïäï ôçò åðé-

ëïãÞò óõ÷íüôçôáò.

l ¸ëåã÷ïò ôçò êõêëïöïñßáò ãßíåôáé ìå ÷ùñéóìü ôïõ äéêôý-

ïõ óå æþíåò áðü êåíôñéêü õðïëïãéóôÞ óå óõíåñãáóßá ìå

ôï ìéêñïåðåîåñãáóôÞ ôïõ ÏÁÐ.

l Ç åðéêïéíùíßá êåíôñéêïý õðïëïãéóôÞ êáé ìéêñïåðåîåñãá-

óôÞ ôïõ ÏÁÐ åßíáé ðñïôéìüôåñï íá åßíáé óõíå÷Þò ìå

ñáäéïóõ÷íüôçôåò, åÜí ïé ðáñåìâïëÝò åßíáé ÷áìçëÝò.

Ïé áëãüñéèìïé åëÝã÷ïõ ôïõ óõóôÞìáôïò áîéïëïãÞèçêáí

ìÝóù ðñïóïìïßùóçò. ¸ôóé âåëôéóôïðïéåßôáé êáé ç ëåéôïõñãßá

ôïõ ÅÓÊ, áëëÜ óçìåéþíåôáé üôé ôá áðïôåëÝóìáôá éó÷ýïõí

ìüíï ãéá Ýíá ïñéóìÝíï ìåßãìá ðñïúüíôùí.
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Abstract

This work draws on a survey of technology applied when installing

Automated Guided Vehicle (AGV) systems to meet transportation

requirements in a flexible manufacturing system (FMS). Based on

that, a study is made of the installation of an AGV system in a par-

ticular FMS. Possible solutions are described for problems relating

to layout design, selecting and designing the proper loading /

unloading mechanism on the AGV and to ensuring parking accuracy,

to the vehicle�s navigation requirements, to flow path design, to

communication between AGV and central supervisory computer-

controller and to evaluation of the design through a simulation pro-

gram written in the ECSL language. The latter suggests a bi-direc-

tional line layout for one vehicle or a bi-directional loop layout for

a two vehicle installation using the criterion of maximum FMS

throughput and capacity of intermediate storage buffers. The

solution is based on a particular product mix; an additional influ-

ence stems from part-pallet scheduling and vehicle dispatching poli-

cies.

1. INTRODUCTION

AGVs are the most advanced means of transport in Flexi-

ble Manufacturing Systems. They cover transport of the fol-

lowing items [2], [12], [14]: raw material, pallets and

fixtures, semi-finished palletised parts, tools, finished parts,

chip and maintenance material. This work presents design

solutions for both vehicle and system-network for a small

FMS which has been installed at UMIST in Britain. The

system is meant to produce small prismatic and rotational

parts and contains a machining centre, a turning centre, a

coordinate measuring machine, a washing station, an inter-

mediate storage station and a palletising-depalletising station

which is the only manned station, see fig. 1.

2. AGV DESIGN

Wheel location is important for vehicle stability and con-

trol system stability. The best solution is two independently

DC powered side wheels complemented by two multi-direc-

tional wheels at the front and rear. The AGV is stopped in the

case of emergency through sheet metal or solid elastic bum-

pers equipped with micro-switches complemented by

infrared or ultrasound scanners [1].

The pallet loading-unloading mechanism of the AGV

conforms to the type of pallet targeted. Three alternatives are

presented [7] of which the most versatile is a push-pull linka-

ge mounted on a lowering-lifting table, see fig. 2. A variation

is shown in fig. 3(b). Positioning precision of this mechanism

in front of an FMS station is ensured through metal cones on

the ground and their counterparts on the vehicle, see fig. 4. 

The vehicle follows a wire buried in the ground conduc-

ting current of 40V, 400 mA and 1-15 KHz. A pair of detec-

tive inductors is used on the vehicle for tracking purposes,

see fig. 5. 

Selection of the branch to be followed at a junction is best

based on frequency tuning. This is reliable, but needs a dif-

ferent frequency for each branch of the junction, i.e. more

than one power supply [1].

Communication of the AGV with the central controller

can be continuous through radio-frequencies, see fig. 6,

provided that interference from large motors, welding equip-

ment etc. is eliminated.

3. SYSTEM DESIGN

From all possible branches Xij joining two nodes i,j of the

FMS only a few are implemented. For those Xij=1 otherwise

Xij=0 [8]. One way to find those branches is to formulate a

cost function as a sum of terms for all pairs of nodes. Each

term is the product of density of traffic flow and the mean

length of the four shortest paths between the pair of nodes.

Minimisation uses heuristics.

Traffic control is based on division of the network into

zones. If an AGV is moving within a zone, no other AGV is

allowed to enter that zone. Traffic control for a system of few

vehicles is best �centralised�.

Vehicle and pallet dispatching is critical to the control of

the system. This uses a �map� of the network. The following
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rules can be applied for pallet selection : randomly, closest

pallet, selection from busiest station, longest waiting pallet

either absolutely or relative to processing time, selection

according to external priorities. For AGV selection the fol-

lowing rules apply: random selection, closest AGV to pallet,

longest waiting AGV. 

A special algorithm to avoid vehicle interference at junc-

tions has been developed, including automatic selection of

alternative shortest paths.

4. SIMULATION

System design cannot be concluded without simulation

tests. For this purpose an Activity Cycle diagram of the FMS

was designed, see fig. 7, and then implemented in ECSL. The

data used concern network description, process plan of each

product, see table 1, product mix. Parameters studied were

vehicle number and velocity, type of layout (bi-directional

line, bi-directional loop, unidirectional loop), AGV and pal-

let dispatching rules (see section 3).

Results were evaluated according to the mean length of

input, output and intermediate storage queues, utilisation of

the FMS, of the AGVs and of the network branches, total

blockage time of branches and FMS output. Table 2 presents

sample results for an equal mix of the three products of table

1 for simulation duration of 8 hrs. The vehicle selection rule

used was that of shortest distance. No spectacular differences

were noted in FMS output and utilisation. The main diffe-

rences related to storage queue length and this made the one

vehicle case in bi-directional line layout the best one. Fig. 8

depicts the great sensitivity of results to AGV and pallet

selection-dispatching rules. 

A velocity of 50 cm/sec was sufficient for either one or

two AGVs with the FIFO rule for AGV selection and the

highest remaining processing time for pallet selection. Two

AGVs were preferred in view of potential changes in product

mix and the associated need for spare capacity.

5. CONCLUSIONS

A unit load AGV with an on-board push-pull and lift-

lower palletiser mechanism with precision docking cones is

suggested. 

Communication should be continuous and based on

radio-frequencies. Micro-switches, LED arrays and PROMs

complete the communication system. 

Traffic control is based on zones supervised by a central

computer. Navigation employs shortest path and segment

blockage detection algorithms.

Dispatching rules were found by a custom developed simu-

lation program in ECSL to be a major influence on the output

of the FMS.

For a certain product mix, shortest distance and highest

remaining processing time rules for AGV and pallet selection

are consistently good choices.

Path layout should be bi-directional for either one AGV

or (if expansion potential is considered) two AGVs.
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