creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TEMift: B w3

A Study on a Stroke Measuring System of Hydraulic

Cylinders Using Analog Linear Sensors

R 4 B A

20104 2J]

ERIRE RIS KBS

A et

7 5 Ju



A DSETACT orereereresestntitiiiiiiiiiiii i i
Al T A A] B 1
A 2 A g G AT T A 2B s 4
21 R GO BIT] Al 2B et s 4

22 =g GUHAUT A 2B EFA O] o 5

23 4§ FLUUY W2EREY W RAHL AT Ay B
Z0F B AT HPE 8

A3 g FIAAY 2ESS ZGo] AEHE AA ce 10
31 LVDTHFA Q] AE R T SFMA] v 11
3.1.1 LVDT< %zg%g] ....................................................................... 11

312 LVDTE] BA] oo s 12

3.2 483 A+ %?,1:_1_-351 AEBR T AA] i 13
321 488 YA ZE ] Z AT o 14

322 483 YA ZE O] E A i 16

33 A2 AEZ T ZAAAE FPHFO] TJQ e 16
331 NE2E 2EZ2T SFHA2HEH JEe] F QA v 16

332 RS A2ER T A AL FIQ 17

A4 obdR ARANE o &8 AERT ZHAA 18
41 2EZ2 3T 2N T B T A o, 19

42 otz MEAAL AAA] AZSYDT] v, 21

43 T2E ZT O] AAQ FT] e 27



44 olF2 T APAA L FAE 22 2FY HEGG o 24

45 AF AT RE T B QZ B e 25
4.6 2E 23 Z+S A7] QFF AT A ] oo 26
4.6.1 SINE/COSINE Z7 7] «reererreresresmssusnssmssusssninsssssssssssssissssissassssens 28

4.6.2 SINE/COSINE ZIZ- B 7] wooererronssmssssmsnmssssssnsssissssinsssinsansonens 29

4.6.3 Resolver-to-Digital B ZF 7] «eerrreseesemernmnmiiii . 30

464 RSAD2A A|E] Y FA] T FFO]H] crreerrrmieriernienrenmensnsseceees 31

4.65 7)EF B]E QA e 32

A5 A AAA]2HL PAFO T B AT 33
5.1 A BIZETI O] TEE werrreremserint et 33
511 2E23 224G 93F FhLE] G L] o 33

512 AZ s 301S 93F MBI T o, 35

5.2 ZSE T ZA AIT] ettt ettt 36
521 ZAAE BRI Z&] i 37

53 A3 HOJE 4] B B A e 39
531 A3 10 3k Ho]E £ 2 BEA e, 39

532 A3 20 thal Ho|lE SR B BA 43

A 6 AE L FETTLA o 46
2+ 71 T,‘} z‘;d ................................................................................ 47



A Study on a Stroke Measuring System of Hydraulic

Cylinder Using Analog Linear Sensors

Sung-Gu Lee

Department of Control and Instrumentation Engineering,

Graduate School, Korea Maritime University

ABSTRACT

This paper introduces the development of a position sensor detecting
absolute and precise position of piston rod of the cylinder. In order to
cope with several problem of former LVDT sensor and 4-partitioning
incremental type sensors, a stroke measuring system composed of
magnetic linear sensor, mechanical housing part and signal processing
part, is suggested by adopting resolving method such that 1 period of
sine groove is divided by 1024. By accomplishing several experiments
using an implemented prototype stroke measuring system, it is verified
that the proposed stroke measuring system can stably measure stroke

value of hydraulic cylinder with good performance and accuracy.
This paper is composed as follows. In chapter 1, Several references

are surveyed for investigating the technology about stroke measuring

sensors for hydraulic cylinders. In chapter 2 the characteristics of



hydraulic cylinders for offshore application. And in chapter 3, two
method of stroke measurement such as LVDT and 4-partitioning
incremental type sensor are surveyed in view of advantages and
disadvantages. In chapter 4, the main contents of this paper, a new
composition method wusing analog linear sensors for stroke
measurement is suggested in view of hardware implementation. The
method basically uses the 1024 partitioning method named resolver
method for the one period of sine wave type piston rod grooves. In
chapter 5, several experiments are executed by applying the
implemented stroke measuring system to an offshore hydraulic cylinder
for operating a water gate and the resultant data are collected and
analyzed. And the stroke measurement possibility of the proposed
system is addressed based on the experimental data. In chapter 6,

conclusions about this paper are synthetically addressed.
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Figure 2.2 An example of position synchronizing control of hydraulic

cylinders for operating a water gate
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Table 3.1 The characteristics of LVDT sensor

characteristics specifications
1. High sensitivity Strong against noise
2. Simple structure ng.h reliability in anti-vibration and
anti—shock
3. Noncontact core part High reliability in anti-wear
4. Wide operating temperature -25C~+90C range
5. Analog output High resolution measurement
6. Absolute type sensor unnecessary to remember measurement

data in case of power—off
7. high speed responsibility 1~2kHz measurement speed

variable characteristic by transmission

8. Influence by transmission cable cable on LVDT

9. Accuracy limit +0.5~+1% accuracy
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Table 4.1 Part names, functions, and I/O signals of a sensor

e

signal processing board

No. Part names Functions and I/O signals
) A Output signal port of sensor A
/O connector of
+
@ sensor A V Input voltage to sensor A +24V
G Input voltage to sensor A GND
/ B Output signal port of sensor B
|/O connector of
+
@ sensor B V Input voltage to sensor B +24V
G Input voltage to sensor B GND
A 422A signal port for counter A input

/A | 422A signal port for counter /A input

I/O connector of B 422A signal port for counter B input

®
sensor board /B | 422A signal port for counter /B input
V Input voltage to system 15~32VDC
G Input voltage to system GND
@ DC/DC converter DC/DC converter for £15V
® DC/DC converter DC/DC converter for £5V
® Sensitivity adjuster of Adjusting sensitivity of sensor A
sensor A
Sensitivity adjuster of _— e
@) sensor A Adjusting sensitivity of sensor B
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Figure 4.9 A signal processing process in SINE ADJUSTER circuit

4.6.2 SINE/COSINE HJZ W z7]

dm 227

Fug ol gstel MEAE

B bmude B
1l “m“

Envelope curve

kl

———]

Modulated Signals

5 kHz sine signal

Signal from
for Modulation

SINE ADJUSTER

I8 410 ARRlgtel i3t F Wx7)e] As Ay A
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Table 4.2 Characteristics of several serial communication methods

Specification RS232C RS423 RS422 RS485
Op;/(legzténg Single-Ended | Single-Ended Differential Differential

Driver/receiver 1 Driver 1 Driver 1 Driver 32 Driver

No. 1 Receiver 1 Receiver | 32 Receiver/256 | 32 Receiver/256

Transmission 15m 1.2 km 1.2 km 1.2 km
distance

Tra“f?ﬁfs'o“ 20 Kops | 100 Kbps 10 Mbps 10 Mbps

Trang];lessmn Full Duplex | Full Duplex Full Duplex Full Duplex
Max. output + 25V + 6V -0.25V to +6V =7V to +12V
Max. input + 15V + 12V =7V to +7V =7V to +12V
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Figure 5.2 An Appearance of counter unit practically implemented
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Table 5.1 Sensor data acquired from an experiment 1

(a) When piston rod moves

to forward direction

Forward sensor 1 sensor 2 sensor 3
(about) mm counter mm counter mm counter
1000 999 102361 999 102398 999 102360
2000 2005 205405 2005 205395 2005 205389
3000 3001 307325 3002 307438 3002 307445
4000 4003 409905 4003 409931 4003 409930
5000 5004 512418 5004 512460 5004 512426
6000 6003 614740 6003 614786 6003 614729
7000 7002 717102 7003 717141 7002 717090
8000 8002 819490 8003 819550 8002 819495
8400 8399 860134 8399 860140 8399 860115
(b) when piston rod moves to backward direction
Backward sensor 1 sensor 2 sensor 3
(about) mm counter mm counter mm counter
1000 1002 102641 1002 102613 1002 102630
2000 2004 205237 2004 205218 2004 205219
3000 3012 308495 3012 308477 3012 308501
4000 4004 410067 4004 410076 4004 410070
5000 5005 512594 5006 512618 5005 512588
6000 6011 615610 6011 615531 6011 615575
7000 7001 716952 7001 716907 7001 716941
8000 8002 819454 8002 819453 8002 819448
8400 8399 860147 8399 860152 8399 860137
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Table 5.2 Comparison of count data error between sensors in experiment 1

S(tr;c;rl:;a Sensor1-Sensor2 Sensor2—-Sensor3 Sensor3-ensori
1000 37 38 ‘

2000 10 6 16

3000 113 7 120
4000 26 ‘ 25

5000 42 34 E

6000 46 57 il

7000 39 51 2

8000 60 55 2

8400 6 25 19
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Figure 5.7 Comparison of count data error between sensors in experiment 1

_42_



532 A9 2] W3 dolH £ % #A

100

=@ Sensor1-Sensor2
- Sensor2-Sensor3
Sensor3-Sensor1

-~ ® ~3¢c 00

1000 2000 3000 4000 5000 6000 7000 8000 8400
Length (mm)

27 58 A 2004 AA Alole] ALE ZA% o3} H@

Figure 5.8 Comparison of count data error between sensors in experiment 2
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Table 5.3 Sensor data acquired from an experiment 2

(a) When piston rod moves

to forward direction

Forward sensor 1 sensor 2 sensor 3
(about) mm counter mm counter mm counter
1000 1000 | 102436 1000 102440 999 102353
2000 2002 | 205028 2002 205051 2001 204997
3000 3000 | 307260 3000 307282 2999 307190
4000 4002 | 409835 4002 409864 4002 409815
5000 4999 | 511979 4999 511985 4999 511960
6000 6010 | 615434 6010 615478 6010 615455
7000 7000 | 716901 7001 716989 7001 716911
8000 8000 | 819250 8001 819339 8000 819245
8400 8399 | 860061 8398 860055 8398 860030
(b) When piston rod moves to backward direction
Backward sensor 1 sensor 2 sensor 3
(about) mm counter mm counter mm counter
1000 1000 | 102484 1001 102503 1000 102495
2000 2002 | 205087 2002 205049 2002 205097
3000 3002 | 307366 3001 307343 3002 307409
4000 4000 | 409664 4000 409664 4000 409672
5000 5001 512195 5000 512136 5002 512113
6000 6002 | 614656 6001 614554 6002 614615
7000 7001 716988 7001 716946 7002 717005
8000 8001 819386 8001 819402 8002 819443
8400 8399 | 860069 8399 860060 8398 860034
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Table 54 Comparison of count data error between sensors in experiment 2

Cé)r;Jrr:;ar Sensor1-Sensor2 | Sensor2-Sensor3 | Sensor3-Sensor
1000 4 87 83
2000 23 54 31
3000 22 92 70
4000 29 49 20
5000 6 25 19
6000 44 23 &l
7000 88 78 10
8000 89 94 2
8400 6 25 81
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