$£9% HoH g2 g it E Ml §E B A
Vol.9 No.6

2019 &£ 11 A

Intelligent Computer and Applications Nov. 2019

XEHS: 2095-2163(2019)06-0297-05 HESES: TM383.6 MR ERD: A

—HATEEMZBRRENNSHBEIIKI RS

Bk, FELR, T8, R ®, RIhE
(RN ITEKRZE HIHEIEZER,R X 430205)

B B ASCRM T T 4 A SRR P LK R G, AR T2 BE R HLIR B R G, A A LR B R 4
FERE 7 181368 18 20 i F AL A A et i 20 B ML SRS YA 1R R 2l 3 o % 2 4% il R 1 S A R ) g 1) 4 5 9 3 i
e 3 A A B A 300 98 2 L TR AR 94 0 5 AR AP D7 T, DA B SR Ay e o 9 20 a2 i AL 05X PID P A0 A 1 20 AL
BN RSR N RS S AL B BE O ELIR A2 RS B e, A /0N 81 I 11, A0 2 i ALY s AR AT T S IR az
B 12 S LA 0 s 12 S 2R Sl BB PR, Pt LT SR W R b RS i RS 2, B WOR PR IS 3 T
PUACHF A TT O, RO AR AR 1 TR A5 21 1 R4 i

KA LIRS RS Wi PID; R

A Stepping Motor Driven System Used for Extracting Nucleic Acid Automatically
LI Junlin, QIN Xiangpei, WANG Hongjiao, CHEN Lin, YUAN Xiaolong
(School of Mechanical and Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, China)

[ Abstract] This paper presents a stepping motor driven system used for extracting nucleic acid automatically. Different from a
general stepping motor driven system, the stepping motor driven system controls the up and down movement of the pipette pump by
the control module of the stepping motor, controls the valve to switch by control valve switching module of the pipette pump and
monitors liquid pressure in the pipette pump by the pressure detection module in hardware. In software, position — oriented
incremental PID control algorithm for the stepping motor optimized location precision of the pipette pump driven by the stepping
motor moving up and down and the algorithm is of high control precision, small overshoot and short setting time. In acceleration and
deceleration process of the stepping motor a trapezoid movement curve was used as a movement curve of acceleration and
deceleration which approximately approaches to a s—shaped movement curve. By designing software and hardware, the pipette pump
was driven by the stepping motor to move up and down accurately, control valve of the pipette pump was well switched and liquid
pressure in the pipette pump was well monitored.
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Fig. 1 General block diagram of system
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Fig. 2 Optical coupling clutch circuit for divided drive setting
(M2,M3,DIR and EN are the same as M1)
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Fig. 3  Optical coupling clutch circuit for controlling the pulse

signal driving stepping motor
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Fig. 4 Chip circuit driving the stepping motor
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Fig. 5 Control valve switching circuit of pipette pump Fig. 6 Detection circuit of liquid pressure
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Fig. 7 ADC circuit
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Fig. 8 Flow chart of position —oriented incremental PID control

algorithm for the stepping motor
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if(step ! = 0)
move is not zero.
{
srd.min_delay = 400000 / speed ;//fix K iz 1T}
6] 628318/speed
//if (srd.min_delay>65534)
//  srd.min_delay = 65534 ;

srd.step_delay = (T5_FREQ_148 * sqrtl (A_SQ /
accel) ) /100;//E W} 1] 2704 = 314159000/ acc
//if (srd.step_delay>65534)

//srd.min_delay = 65534 ;

max _s _lim = (long) speed * speed/( long )
( ((long) A_x20000 * accel ) /4) ;
if(max_s_lim == 0)
{

max_s_lim = 1;

// Only move if number of steps to

accel _lim = ((long) step * decel) / (accel +
decel ) ;
if(accel_lim == 0)
%
accel_lim = 1;
%
// Use the limit we hit first to calculate decel.
if (accel_lim <= max_s_lim)
{
srd.decel_val = accel_lim — step;//f{H
%
else
{
srd.decel_val =—( (max_s_lim * accel)/decel) ;//
ffH
%

// We must decelerate at least 1 step to stop.
if(srd.decel_val == 0)
{

srd.decel_val = —1;

srd. deceleration _start = step + srd. decel _val;//
Find step to start deceleration.

// I the maximum speed is so low that we don’t
need to go via acceleration state.

if (srd.step_delay <= srd.min_delay)

{
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srd.step_delay = srd.min_delay;
srd.run_state = RUN;
%
else
i
srd.run_state = ACCEL;
%
// Reset counter.
srd.accel_count = 0;
status.running = TRUE;
//0CR1A = 10;
//8Set Timer/Counter to divide clock by 8
//TCCRIB | = ((0<<CS12) | (1<<CS11) I (0<<
CS10) )
%
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Fig. 9 Simulation result of displacement curve
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Fig. 10 Simulation result of an acceleration and deceleration curve
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