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ABSTRACT:	The paper designs, implements and tests a 3 arms

electropneumatic polar manipulator of 3 dof, suitable for

educational purposes and CNC tool changers. Its controller

and its structure are presented.
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INTRODUCTION:	Materials transport and handling under harsh environments, lead to increased and specialized use of robots (Craig, J. J, 1989, Fu, K. et al, 1987). The paper designs and implements a microcontroller -based controller for manipulators.


	The design, see fig. 1, consists of the electro-pneumatic manipulator, the microcontroller, see fig. 2, and the interface drivers, see fig. 5
 
(
Kalovrektis C
, 1996)
.
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		Fig.  1.   Block diagram of pneumatic manipulator control



THE MICROCONTROLLER:	The primary differences among the members of the M6811 family are the type and quantity of memory; CMOS technology offers high density, high data transfer speed, low power level (increased under STOP /WAIT mode control) and noise immunity. The MC68HC11A1, see fig. 3,  presents all the 6801 and 6805 MCU features (except for the PLL of the 6805), i.e it contains on-chip peripherals of the family and it is user programmable on various levels, see Table 1.



MC68HC11A1 MICROCONTROLLER�CHARACTERISTICS��ROM�8 kbytes��RAM�256 bytes��EEPROM�512 bytes��ADCs�8 channels-8 bits with register ADCTL (CCF, SCAN, MULT, CD, CC, CB, CA)��Digital Input / Output lines�22��Ports�A, B, C, D (for communication), E (analog) (all 8 bits)��Data Direction Registers (DDR)�DDRC, DDRD��Asynchronous Communication�Serial Communication Interface (SCI)��Synchronous Communication�Serial Peripheral Interface (SPI) with lines MISO,MOSI, SCK, SS, register SPCR(SPIE,SPE,DWOM,MSTR, CPOL, CPHA, SPR1, SPR2)

register SPSR (SPIF, WCOL, MODF), registers SPDR��Timer�8 bits��Pulse Counter�timer independent��Control registers�IX, IY, SP, PC, CCR��Accumulators�8 bits A, B accumulator, 16 bits A+B, Pulse accumulator��Condition Code Register�C/B, O, N, I, H, Interrupt Mask (X), Stop Disable��Control lines�3��Control output lines�5��Watch Dog Timer�yes (COP)��Commands repertoire�over 150 (90 new) opcodes (move, arithmetic, logic, edit, control)��Clock�XTAL - EXTAL 8 MΗz (internally divided to 2 MHz), down to DC��Interrupts�IRQ, XIRQ (MI, NMI, RTI) with HPRIO  register��INIT register�redefines RAM area��Memory extension under�STRA, STRB��Modes of Operation�MODA, MODB (MUX), Bootstrap, Test, Security��Address Modes�Direct, Indirect, Extension, Indirect X, Y, Inherent, Relative��* OTP (One Time Programmable)




	Table  1. MC68HC11A1 microcontroller specifications
 
(
Hintz, K, 
et al
, 1992
)





ELECTRO-PNEUMATIC MANIPULATOR:		The manipulator is a polar mechanical structure with 3 degrees-of freedom, see fig. 4; it consists of components:



TYPE OF PNEUMATIC COMPONENT�TECHNICAL CHARACTERISTICS��double acting pneumatic cylinder�	NA��single acting (spring-returned) cylinder �	NA��rotary valve (0 - 180o)�	NA��5/2 and 2/2 electric valves (returned)�10(40 ms, 1.8(8 bar, 500(1000 l/min��vacuum pump (sucking valve control)�6 bar, -660 mmHg, 20(68 l/min��air pump�10 bar��adjusting,relief valves,orifices, throttles�	common��


that operate at a pressure of  3 bar. The robot gripper is of the vacuum type with one suction cup
, 
(
Rivin, E,
 1988
)
.
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Fig.    2.  The microprocessor interface - controller system
 
(
Kalovrektis C
, 1996)
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Fig. 
3.
 MC68HC11A1 microcontroller block diagram and memory map
 
(
Motorola,
 
1992
)
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		Fig.   4.   The electro-pneumatic manipulator



MANIPULATOR MICROCONTROL:		We use 2-out-of 4 ports (the rest are for future use. Port B drives (not immediately, but through the CD4050 buffer) leds and power transistors for electropneumantic valves; this introduces a time delay between CD4050 input and output command transfer of 30 ns. The power transistors are on/off switches of 3 A, 30 W, 3 MHz (only 0.7 A, 12 V needed).



MANIPULATOR�MOTION��Elbow rotation�clockwise / anti-clockwise��Elbow linear motion�opening / closing (in length)��Elbow linear motion�up / down��End effector�sucking (hold/leave)��

	The electro-pneumatic interface combines digital and analog electronics logic gates, timers, limit switches and sensors with pneumatic logic and control valves. 



MICROCONTROLLER SOFTWARE:		The software consists of: 		Drive commands			Loading commands

	Delay (jump) commands		Menu (selection commands)

Pneumatic elements control is performed via port B, ($1007) i.e:



TYPE OF VALVE�CONTROL via PORT B��r-linear valve�	b3��Rotary valve�	b2��z-linear valve�	b0��Sucking (handling) valve�	b1��

Pneumatic valves present a time delay in their response (FESTO, 1990); the software is delayed (by JSR variable delay) and feedback from limit switches (by BNE feedback); PAUSE is also delaying manipulation
 
(
Snyder,
W
,
 1985
, 
Spong,
M.
 et al,
1989
, 
Tou,
J,
1985
)
.
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Fig.   5.   Electro-pneumatic circuit for manipulator control






	The pneumatic control problem to design the manipulator proceeds according to the following stages. Define and/or draw the:



PROBLEM�ANSWER��task�tool change, etc��forces� < 4500 kp��stroke lengths�< 2000 mm��working speed�15 ( 300 mm/s��location plant	�simple��motion diagram�xyz time sequence��circuit diagram�pneumatic circuit��
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Fig.  6.  The electro-pneumatic robot mechanism drawing and its working envelope





STANDARD PROCEDURES:		At start-up and reset, the electro-pneumatic manipulator might operate in an unpredictable way; this should be avoided for operating safety reasons. During start-up calibration is performed by a certain sequence (ABCDEFGH), that executes and follows all possible geometrical end points accessing  operations of the manipulator working envelope, see fig. 6. Reset restarts the microcontroller and any calibration start-up sequence.
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	  	Fig.  7.  The robot’s general control system block diagram



FEEDBACK - POSITION DETECTORS:	The position detectors, see fig. 8, are magnetically coupled to the valves pistons, on non-ferrous pneumatic cylinders. A sine wave is fed to the drive coil and it is detected (after being attenuated by 30 dB) on the pick-up coil, at an operating frequency 100 Hz; they present a response (settling) time of 25 ms (ADC conversion time is 20 μs). For a piston’s rod extension of 0 ( 20 cm an exponential response voltage output of 60 ( 30 mV results 
(
Tsitsipis, P, 
1990
)
.
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Fig.  8.  Electronic diagram of piston position detector
 
(Feedback, 1983)






MANIPULATOR TEST:		Most robots are programmed, led by the nose, or use for operators training, under primitive conditions and operating environment. Such a training test for both robots, software and operators is the “Tower of Hanoi” problem (Fu et al, 1987). Here an other test is proposed: Moving two cans (or cards) with a hand around an axis of symmetry, is a (simplification of an illegal) gambling game with cards (that any tourist visiting the center of Athens should avoid to participate, because he would certainly be a looser); this game is played with three cards (two black and one coloured) and two hands; the gambler should guess (locate) the position of the coloured card. The following tests are performed
 
(
Tzafestas, S
, 1991
, 
1992
, 
Ventzas D
, 199
5
,
 199
7
, 
Vucobratovic, M.
 
et al, 
1982
, 
Walker, M.
 
et al, 
1996)
 
:



a.	open loop control	b.	closed loop control 	c.	grip control

d.	sequential or simultaneous control of all 3 axes (z, r, ζ)



APPLICATION - TOOL CHANGER:		In a large CNC machine, tools are often exchanged, for machining flexibility and optimal performance. A tool change includes the following steps:

a.	move tool changer close to the tool case

b.	rotate tool case (chained)

c.	send tool changer to the corresponding tool

d.	lock required tool to the tool changer

e.	move tool changer close to the machining CNC end effector

f.	stop CNC

g.	send tool changer to the machining CNC end effector tool

h.	lock end effector tool to the tool changer (opposite side)

i.	rotate tool changer

j. 	lock new tool to the machining CNC end effector

k.	move tool changer to a park position

l.	start CNC

m.	park old tool (if needed) to the tool case and/or park tool changer

	All the above actions can be performed by the designed electro-pneumatic manipulator, i.e. we designed an optimal CNC operation, tool changer, see fig. 9.
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		Fig.  9.  CNC with tool changer (a) and tool changer



ACCURACY CONSIDERATIONS:		The operational accuracy of the robot is investigated. This is affected by the execution time of program loops (delays cause overshoot in position) and the design accuracy of the pneumatic components. The robot accuracy is tested at extreme (maximal and minimal) positions, where it is seeking the ideal test point.



CONCLUSIONS:		An electro-pneumatic manipulator has been designed and implemented under the scope of tools changing. 



APPENDIX 1: 	TECHNICAL SPECIFICATION of  MC68HC11A1  -  IC  pins



  TECHNICAL SPECIFICATION of MC68HC11A1 - IC PINS DESIGNATIONS��1�vSS�14�PC5/A5/D5�27�PA7/PA/OC1�40�PB2/IA10��2�MODB/VSTBY�15�PC6/A6/D6�28�PA6/OC2/OC1�41�PB1/IA9��3�MODA/IIR�16�PC7/A7/D7�29�PA5/OC3/OC1�42�PB0/IA8��4�STRA/AS�17�RESET�30�PA4/OC4/OC1�43�PE0/AN0��5�E�18�XIRQ�31�PA3/OC5/OC1�44�PE4/AN4��6�STRB/R/W�19�IRQ�32�PA2/IC1�45�PE1/AN1��7�EXTAL�20�PD0/RxD�33�PA1/IC2�46�PE5/AN5��8�XTAL�21�PD1/TxD�34�PA0/IC3�47�PE2/AN2��9�PC0/A0/D0�22�PD2/MISO�35�PB7/IA15�48�PE6/AN6��10�PC1/A1/D1�23�PD3/MOSI�36�PB6/IA14�49�PE3/AN3��11�PC2/A2/D2�24�PD4/SCK�37�PB5/IA13�50�PE7/AN7��12�PC3/A3/D3�25�PD5/SS�38�PB4/IA12�51�VRL��13�PC4/A4/D4�26�VDD�39�PB3/IA11�52�VRH��
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