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PANYA INTHONGCHAI : DESIGN AND PROTOTYPING OF GAP
GAUGE FOR MACHINE SETTING IN DISK INSTALLATION
PROCESSES. THESIS ADVISOR : SOMSAK SIWADAMRONGPONG,

Ph.D., 97 PP.

HARD DISK DRIVE ASSEMBLY/MACHINE ENGINEER/PARALLEL SETTING

GAUGE

Recently, the hard disk drive industry has growth continuously of market
needs in both quantity and quality sides. The machine automation is became an
importance role in assembly processes to reach faster and more accurate production.
Disk Installation is one of an importance processes. The installation machine still
requires experienced technician for parallel setting between disk and machine using
gauge and decision skill. The setting step sometimes has error and lead to loss in
machine, material, labor, time and monetary efficiencies. The purpose of this research
is to study and develop the device for parallel setting between disk end effector and
disk box. The end effector must stay in parallel with the disk in relatively narrow disk
slot in limited tilt 0.26 degree. The prototype will consisted of gauge equipment, tilt
calculation and compensation modules for desired parallel instead of technician skill.
From testing of the prototype, calculated tilt degree was accurate within an acceptable
error compare to the current work. Therefore, this research can be developed and

expanded to use in other like-machines.
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Aa ¥ 0 IR Ay v Ao '
- M9 NINANTEHIUNAAAUGULFDIDITSUIUNADINTIANA KUY Z,

29.157 —

— =] 14.579 r

Z2 212 Z1

71N 4.4 msiasanm z,,

Zip—2p _ Z1—Zp
29.157-0 43.736—0

Zy, = [(ﬂ) (29.157)] L\ 4

43.736
Zy, = [(0.667)(Z; — Z,)]

Z1, =0.667Z, — 0.667Z, + Z,

Zy, =0.667Z; + 0.333Z,
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14.579 f=a—

—-—29.157ﬂ

73 Z32 Z2

31U 4.5 Mmswasanm z,,

Z3p—Z3 _  Zy—13
14.579-0 43.736—-0

43.736

Zsy = [(ZZ‘ZB) (14.579)] + 7,
Z3, = [(0.333)(Z, — Z3)] + Z;

Z32 = O 33322 - 033323 + Z3

Z3, = 0.333Z, + 0.667Z5
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—=— 21.868 ——-—

Z1 Z13 Z3

~ a
319 4.6 mannsaM Z,,

Z13—Z1 __ Z3—Zq
21.868—-0 43.736—0

Zis = [(f;;ié) (21.868)] +7,
Z13 = [(0.5)(Z3 — Z1)] + Z;

Zl3 = OSZ3 - OSZl + Z]

Z13 = OSZl + OSZ3

(4.5)

40



9
%

Aa < o2 Ay v Ao '
- WSS NNNIMNISUIUNAAGNLE ULEDITDOITSUIUNABINTITIANA LT U

‘__.-

'L |
4 b
719 4.7 Mmannsanm z,,
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12.626—-0 37.877—-0

Zy, = |(222) 12.626] + 2,

37.877
Zy; = [(0.333)(Z13 — Z2)] + Z,
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Dx
tanf, =
12.626
1 D
0, = tan~ 1 —2—

14.579

unuam luaunsn (8) dreaunsn (7)

Z1p —Z
0, = tan™1! [(% ) / 14.579]

unua luaunisn (9) dreaumsi (3) uazaumsn @)

tan~1[0.0343[(0.667 Z1 + 0.33322) - (0.333Z2 + 0.66723)]]

tan~1[0.0343[0.667 Z1 + 0.333Z2 - 0.333Z2 - 0.667Z3]]
tan~1[0.0343[0.667 Z: - 0.667Z3]]
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0, = tan~1[0.0229Z: - 0.0229Z3] (4.10)

= 9 o A A [ dAa ¥ = o
- mymaﬂwmszmmmﬂﬁ’mmamauﬂmzummﬂmmumaﬂmmu Y

222 Z13

d' a 1 =
UM 4.9 mnnsanmnyIees O,

NNAUAITN 2

, S L (4.11)
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W16, 9nauMTN 1

D
tanb,, = Y
12.626
_ -1_Dy
Hy = tan Toeze (4.12)

unuam luaunsn (12) dreaumsn (1)

By = tan~! [(@ )/12.626] (4.13)
unua luaunsn (13) @reaumsn (5) Lazaumsan (6)

6, = tan~1[0.0396(Z22 — Z13)]
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6, = tan~' [0.0396[(0.333Z13 + 0.66722) - (0.5Z1 + 0.5Z3)]]

6, = tan~1[0.0396[0.333Z13 + 0.667Z2 - 0.5Z1 - 0.5Z3]] (4.14)

unuam luaunsn (14) dreaumsa ()

6, = tan™1[0.0396[0.333(0.521+0.523) + 0.667Z2 - 0.5Z1 - 0.523]]
6, = tan~1[0.0396[0.166521+0.1665Z3 + 0.66722 - 0.5Z1 - 0.5Z3]]

6, = tan~1[0.0396[-0.3335Z1+ 0.667Z2 - 0.3335Z3]]

6, = tan~1 [-0.0132Z1+ 0.0264Z2 - 0.0132Z3] (4.15)
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Test Theta ( Program ) Actual Theta Error
Test Test Actual Actual
Theta- X Theta-Y Theta- X Theta- Y Theta- X Theta-Y
-0.42 0.01 -0.40 0.00 0.020 0.010
-0.28 -0.03 -0.30 0.00 0.020 0.030
-0.19 -0.04 -0.20 0.00 0.010 0.040
-0.12 0.00 -0.10 0.00 0.020 0.000 X-
0.01 -0.01 0.00 0.00 0.010 0.010 Change
0.11 -0.03 0.10 0.00 0.010 0.030 Only
0.21 0.00 0.20 0.00 0.010 0.000
0.31 -0.03 0.30 0.00 0.010 0.030
0.42 0.03 0.40 0.00 0.020 0.030
-0.04 -0.41 0.00 -0.40 0.040 0.010
-0.04 -0.29 0.00 -0.30 0.040 0.010
0.01 -0.21 0.00 -0.20 0.010 0.010
0.03 -0.12 0.00 -0.10 0.030 0.020 Y-
0.01 -0.01 0.00 0.00 0.010 0.010 Change
0.04 0.09 0.00 0.10 0.040 0.010 Only
0.03 0.19 0.00 0.20 0.030 0.010
0.04 0.28 0.00 0.30 0.040 0.020
0.03 0.40 0.00 0.40 0.030 0.000
-0.41 -0.43 -0.40 -0.40 0.010 0.030
-0.30 -0.32 -0.30 -0.30 0.000 0.020
-0.18 -0.19 -0.20 -0.20 0.020 0.010
-0.13 -0.12 -0.10 -0.10 0.030 0.020
0.01 -0.01 0.00 0.00 0.010 0.010 X&Y -
Change
0.08 0.10 0.10 0.10 0.020 0.000
0.18 0.20 0.20 0.20 0.020 0.000
0.28 0.34 0.30 0.30 0.020 0.040
0.44 0.41 0.40 0.40 0.040 0.010
Error Max 0.040 0.040
Error Min 0.000 0.000
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—B—TestTheta-X | -0.42
Test Theta- Y 0.01
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3
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Test Theta-Y

4 5
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0.00 -0.01
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Number of measurement
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- Actual Theta- X
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Test Theta- Y -0.41
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Actual Theta-Y -0.40

Test Theta- X

U

-0.40 N

/

2
-0.04
-0.29
0.00
-0.30

3
0.01
-0.21
0.00
-0.20

Test Theta- Y

4 5
0.03 001
012 -0.01
0.00 = 0.00
-0.10 = 0.00

Number of measurement

@anyulunu X dsuyuluunu v)

6
0.04
0.09
0.00
0.10

Actual Theta- X

7
0.03
0.19
0.00
0.20

8
0.04
0.28
0.00
0.30

0.03
0.40
0.00
0.40

Actual Theta- Y
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0.50
0.40
0.30 /
0.20

0.10
0.00 =

-0.10

-0.20 /
-0.30 ,
-0.40 /
-0.50

1 2 3 4 5 6 7 8 9
< TestTheta-X = 041 -030 -0.18 -0.13 001 008 0.8 028 0.4
TestTheta-Y = -0.43 032 -0.19 -012 -0.01 0.10 020 034 041
Actual Theta-X -0.40 030 -0.20 -0.10 000 0.10 020 030 0.40
Actual Theta-Y -0.40 -030 -020 -0.10 000 010 020 030 0.40

Number of measurement

tual Angle (degree)

Test Theta- X Test Theta-Y Actual Theta- X Actual Theta- Y
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U

F Mesurement Value Display
e -

W Head status

ESTABILITY
BRIGHT
DA

HEADO2

STABILITY

BRIGHT

o Measurement value
acquisition stop

M STABILITY

M STABILITY
M BRIGHT
W DARK
HEADOY

M STABILITY
M BRIGHT
M DARK
HEAD10

M STABILITY
M BRIGHT
W DARK
HEAD11

M STABILITY
HEBRIGHT
W DARK
HEAD12

M STABILITY
M BRIGHT
W DARK
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Height Gauge 05 Error
(mm) (mm) (mm)
-0.50 -0.50 0.00
-0.45 -0.45 0.00
-0.40 -0.40 0.00
-0.35 -0.35 0.00
-0.30 -0.30 0.00
-0.25 -0.25 0.00
-0.20 -0.20 0.00
-0.15 -0.15 0.00
-0.10 -0.10 0.00
-0.05 -0.05 0.00
0.00 0.00 0.00
0.05 0.05 0.00
0.10 0.10 0.00
0.15 0.15 0.00
0.20 0.20 0.00
0.25 0.25 0.00
0.30 0.30 0.00
0.35 0.35 0.00
0.40 0.40 0.00
0.45 0.45 0.00
0.50 0.50 0.00

Error Max 0.00
Error Min 0.00
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0.60

0.40

0.20

0.00

Length

-0.20

-0.40

-0.60

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Height Gauge
(mm)

utad

-0.5-0.4-0.4-03-0.3-0.2-0.2-0.1-0.1-0.00.000.050.100.150.200.250.300.350.400.450.50

(mm) -0.5-0.4-0.4-0.3-0.3-0.2-0.2-0.1-0.1-0.00.000.050.100.150.200.250.300.350.400.450.50

Number of measurement

Height Gauge e

(mm) (mm)
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using System;

using System.Drawing;

using System.Collections;

using System.ComponentModel;
using System.Windows.Forms;
using System.Data;

using Advantech.Adam;

using Advantech.Common;

using System.Net.Sockets;

namespace Adam6015 17 18
{
/// <summary>
/// Summary description for Form1.
//l </summary>
public class Form1 : System.Windows.Forms.Form
{
private System.Windows.Forms.Timer timer1;
private System.Windows.Forms.Button buttonStart;

private System.ComponentModel.IContainer components;

private bool m_bStart;

private AdamSocket adamModbus;

private Adam6000Type m_Adam6000Type;
private string m_szIP;

private int m_iPort;

private int m_iCount;

private int m_iAiTotal, m_iDoTotal;




private bool[] m bChEnabled;
private Label 1bISS1;

private TextBox tbSS1;

private TextBox tbSS2;

private Label 1bISS2;

private TextBox tbSS3;

private Label IbISS3;

private GroupBox groupBox1;
private Label IblSetRefResult;
private Button btnSetRefPlane;
private GroupBox groupBox2;
private Label IbIMeasureResult;
private TextBox tbThetaY’;
private TextBox tbThetaX;
private Button btnMeasure;
private byte[] m_byRange;
private float z1, z2, z3;

private PictureBox pictureBox1;
private Label IblVerLeft;
private Label IblVerRight;
private Label IblHorRight;
private Label IblHorLeft;
private bool startMeasure;
private float _thetaX;

private Label IblHorOK;
private Label 1bIVerOK;
private Label labell;

private Label label2;

private TextBox txtAlValue5;

private TextBox txtAIValue6;




private TextBox txtAIValue4;
private CheckBox chkboxCh4;
private CheckBox chkboxCh5;
private CheckBox chkboxCh6;
private Button btnCh1;

private Panel panelDO;
private Label label4;

private Label label3;

private float thetay;

public Form1()

{

//this.Arrow1.BackColor = Color.Transparent;

//

// Required for Windows Form Designer support
//

InitializeComponent();

//

// TODO: Add any constructor code after InitializeComponent call

//

m_bStart = false; // the action stops at the beginning
m_szIP="192.168.1.101"; // modbus slave IP address
m_iPort =502; // modbus TCP port is 502

adamModbus = new AdamSocket();

adamModbus.SetTimeout(1000, 1000, 1000); // set timeout for TCP

//m_Adam6000Type = Adam6000Type.Adam6015; // the sample is for ADAM-6015
m_Adam6000Type = Adam6000Type.Adam6017; // the sample is for ADAM-6017

//m_Adam6000Type = Adam6000Type.Adam6018; // the sample is for ADAM-6018
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m_iAiTotal = AnalogInput.GetChannelTotal(m Adam6000Type);

m_iDoTotal = DigitalOutput.GetChannel Total(m Adam6000Type);

/[txtModule.Text = m_Adam6000Type.ToString();
m_bChEnabled = new bool[m_iAiTotal];

m_byRange = new byte[m_iAiTotal];

// arrange channel text box

if (m_Adam6000Type == Adam6000Type.Adam6015)
{

H
else if (m_Adam6000Type == Adam6000Type.Adam6017)

{

¥
else //Adam6018

{

IblVerLeft.Visible = false;
IblVerRight.Visible = false;
IbIHorLeft.Visible = false;
IblHorRight. Visible = false;
IblHorOK. Visible = false;
IbIVerOK.Visible = false;

}

/// <summary>
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/// Clean up any resources being used.
/// </[summary>
protected override void Dispose(bool disposing)
{
if (disposing)
{
if (components != null)

{

components.Dispose();

H
base.Dispose(disposing);

#region Windows Form Designer generated code

/// <summary>

/// Required method for Designer support - do not modify

/// the contents of this method with the code editor.

//l </summary>

private void InitializeComponent()

{
this.components = new System.ComponentModel.Container();
this.timer] = new System.Windows.Forms.Timer(this.components)
this.buttonStart = new System.Windows.Forms.Button();
this.IbISS1 = new System.Windows.Forms.Label();
this.tbSS1 = new System.Windows.Forms.TextBox();
this.tbSS2 = new System.Windows.Forms.TextBox();
this.1blISS2 = new System.Windows.Forms.Label();
this.tbSS3 = new System.Windows.Forms.TextBox();

this.IbISS3 = new System.Windows.Forms.Label();

B
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this.groupBox1 = new System.Windows.Forms.GroupBox();
this.IblSetRefResult = new System.Windows.Forms.Label();
this.btnSetRefPlane = new System.Windows.Forms.Button();
this.groupBox2 = new System.Windows.Forms.GroupBox();
this.label4 = new System.Windows.Forms.Label();
this.label3 = new System.Windows.Forms.Label();
this.btnMeasure = new System.Windows.Forms.Button();
this.lbIMeasureResult = new System.Windows.Forms.Label();
this.tbThetaY = new System.Windows.Forms.TextBox();
this.tbThetaX = new System.Windows.Forms.TextBox();
this.IbIVerLeft = new System.Windows.Forms.Label();
this.IbIVerRight = new System.Windows.Forms.Label();
this.IblHorRight = new System.Windows.Forms.Label();
this.IblHorLeft = new System.Windows.Forms.Label();
this.IblIHorOK = new System.Windows.Forms.Label();
this.IbIVerOK = new System.Windows.Forms.Label();
this.pictureBox1 = new System.Windows.Forms.PictureBox();
this.labell = new System.Windows.Forms.Label();
this.label2 = new System.Windows.Forms.Label();
this.txtAIValue5 = new System.Windows.Forms.TextBox();
this.txtAIValue6 = new System.Windows.Forms.TextBox();
this.txtAIValue4 = new System.Windows.Forms.TextBox();
this.chkboxCh4 = new System.Windows.Forms.CheckBox();
this.chkboxCh5 = new System.Windows.Forms.CheckBox();
this.chkboxCh6 = new System.Windows.Forms.CheckBox();
this.btnCh1 = new System.Windows.Forms.Button();
this.panelDO = new System.Windows.Forms.Panel();
this.groupBox 1.SuspendLayout();

this.groupBox2.SuspendLayout();

((System.ComponentModel.ISupportlnitialize)(this.pictureBox 1)).BeginInit();
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this.panelDO.SuspendLayout();

this.SuspendLayout();

//

// timer1

//

this.timer1.Interval = 500;

this.timer1.Tick += new System.EventHandler(this.timer1 Tick);
//

// buttonStart

//

this.buttonStart. Location = new System.Drawing.Point(142, 291);
this.buttonStart.Name = "buttonStart";

this.buttonStart.Size = new System.Drawing.Size(95, 41);
this.buttonStart. TabIndex = 42;

this.buttonStart. Text = "Start";

this.buttonStart.Click += new System.EventHandler(this.buttonStart Click)
//

// 1bISS1

//

this.IbISS1.AutoSize = true;

this.1blISS1.Location = new System.Drawing.Point(20, 195);
this.IbISS1.Name = "1bISS1";

this.1blSS1.Size = new System.Drawing.Size(88, 13);
this.IbISS1.Tablndex = 44;

this.IbISS1.Text = "Disctance_SS#1";

//

// tbSS1

//

this.tbSS1.Location = new System.Drawing.Point(137, 192);
this.tbSS1.Name = "tbSS1";

b
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this.tbSS1.Size = new System.Drawing.Size(100, 20);
this.tbSS1.Tablndex = 45;

//

// tbSS2

//

this.tbSS2.Location = new System.Drawing.Point(137, 219);
this.tbSS2.Name = "tbSS2";

this.tbSS2.Size = new System.Drawing.Size(100, 20);
this.tbSS2.Tablndex = 47;

//

// 1b1SS2

//

this.1blSS2.AutoSize = true;

this.IbISS2.Location = new System.Drawing.Point(20, 222);
this.1blSS2.Name = "1bISS2";

this.1bISS2.Size = new System.Drawing.Size(88, 13);
this.1blSS2.TabIndex = 46;

this.IblSS2.Text = "Disctance SS#2";

//

// thSS3

//

this.tbSS3.Location = new System.Drawing.Point(137, 252);
this.tbSS3.Name = "tbSS3";

this.tbSS3.Size = new System.Drawing.Size(100, 20);
this.tbSS3.Tablndex = 49;

//

// 1bISS3

//

this.1blSS3.AutoSize = true;

this.1blISS3.Location = new System.Drawing.Point(20, 255);
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this.1blSS3.Name = "1bISS3";

this.1blSS3.Size = new System.Drawing.Size(88, 13);

this.IbISS3.Tablndex = 48;

this.IbISS3.Text = "Disctance_SS#3";

//

// groupBox1

//

this.groupBox 1.Controls. Add(this.lblSetRefResult);

this.groupBox 1.Controls. Add(this.btnSetRefPlane);

this.groupBox 1.Location = new System.Drawing.Point(273, 182);

this.groupBox1.Name = "groupBox1";

this.groupBox1.Size = new System.Drawing.Size(200, 137);

this.groupBox1.TabIndex = 50;

this.groupBox1.TabStop = false;

this.groupBox1.Text = "Referenced Plane";

//

// IblSetRefResult

//

this.IblSetRefResult.Font = new System.Drawing.Font("Microsoft Sans Serif", 14.25F,
System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, ((byte)(0)));

this.IblSetRefResult.Location = new System.Drawing.Point(24, 77);

this.lblSetRefResult.Name = "IblSetRefResult";

this.IblSetRefResult.Size = new System.Drawing.Size(158, 42);

this.lblSetRefResult. TabIndex = 52;

this.IblSetRefResult. TextAlign = System.Drawing.ContentAlignment.MiddleCenter;

//

// btnSetRefPlane

//

this.btnSetRefPlane.Location = new System.Drawing.Point(17, 19);

this.btnSetRefPlane. Name = "btnSetRefPlane";




76

this.btnSetRefPlane.Size = new System.Drawing.Size(165, 41);
this.btnSetRefPlane. TabIndex = 52;

this.btnSetRefPlane. Text = "Start";

this.btnSetRefPlane.Click += new System.EventHandler(this.btnSetRefPlane Click);
//

// groupBox2

//

this.groupBox2.Controls. Add(this.label4);
this.groupBox2.Controls. Add(this.label3);
this.groupBox2.Controls. Add(this.btnMeasure);
this.groupBox2.Controls. Add(this.lbIMeasureResult);
this.groupBox2.Controls. Add(this.tbThetaY);
this.groupBox2.Controls. Add(this.tbThetaX);
this.groupBox2.Location = new System.Drawing.Point(273, 325);
this.groupBox2.Name = "groupBox2";

this.groupBox2.Size = new System.Drawing.Size(200, 100);
this.groupBox2.TabIndex = 51;

this.groupBox2.TabStop = false;

this.groupBox2.Text = "Calibrated Plane";

//

// 1label4

//

this.label4.AutoSize = true;

this.label4.Location = new System.Drawing.Point(6, 57);
this.label4.Name = "label4";

this.label4.Size = new System.Drawing.Size(48, 13);
this.label4.Tablndex = 56;

this.label4.Text = "Theta Y:";

//

// 1abel3
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//

this.label3.AutoSize = true;

this.label3.Location = new System.Drawing.Point(5, 24);
this.label3.Name = "label3";

this.label3.Size = new System.Drawing.Size(48, 13);
this.label3.TabIndex = 55;

this.label3.Text = "Theta X:";

//

// btnMeasure

//

this.btnMeasure.Location = new System.Drawing.Point(126, 18);
this.btnMeasure.Name = "btnMeasure";

this.btnMeasure.Size = new System.Drawing.Size(71, 20);
this.btnMeasure.Tablndex = 53;

this.btnMeasure.Text = "Start";

this.btnMeasure.Click += new System.EventHandler(this.btnMeasure Click);
//

// IbIMeasureResult

//

this.IbIMeasureResult.Location = new System.Drawing.Point(123, 54);
this.IbIMeasureResult.Name = "lblMeasureResult";
this.lbIMeasureResult.Size = new System.Drawing.Size(71, 20);
this.IbIMeasureResult. TabIndex = 54;

this.IbIMeasureResult. Text = "OK";

this.IbIMeasureResult. TextAlign = System.Drawing.ContentAlignment.MiddleCenter;
//

// tbThetaY

//

this.tbThetaY.Location = new System.Drawing.Point(59, 54);

this.tbThetaY.Name = "tbThetaY";
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this.tbThetaY.Size = new System.Drawing.Size(58, 20);
this.tbThetaY.Tablndex = 53;

this.tbThetaY.TextChanged += new System.EventHandler(this.textBox2 TextChanged);
//

// tbThetaX

//

this.tbThetaX.Location = new System.Drawing.Point(59, 19);
this.tbThetaX Name = "tbThetaX";

this.tbThetaX.Size = new System.Drawing.Size(58, 20);
this.tbThetaX.TabIndex = 52;

//

// IblVerLeft

//

this.IblVerLeft. AutoSize = true;

this.IbIVerLeft.Location = new System.Drawing.Point(633, 454);
this.IblVerLeft. Name = "IblVerLeft";

this.IbIVerLeft.Size = new System.Drawing.Size(91, 13);
this.IblVerLeft. Tablndex = 53;

this.IblVerLeft. Text = "Theta-Y Turn Left";

//

// IblVerRight

//

this.IblVerRight.AutoSize = true;

this.IblVerRight.Location = new System.Drawing.Point(730, 454);
this.IblVerRight.Name = "IblVerRight";

this.IblVerRight.Size = new System.Drawing.Size(98, 13);
this.IblVerRight. TabIndex = 54;

this.IblVerRight.Text = "Theta-Y Turn Right";

//

// IblHorRight
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//

this.IblHorRight.AutoSize = true;

this.IblHorRight.Location = new System.Drawing.Point(812, 343);
this.IblHorRight.Name = "lblHorRight";

this.IblHorRight.Size = new System.Drawing.Size(98, 13);
this.IblHorRight. TabIndex = 56;

this.IblHorRight. Text = "Theta-X Turn Right";

//

// IblHorLeft

//

this.IblHorLeft. AutoSize = true;

this.IblHorLeft.Location = new System.Drawing.Point(700, 343);
this.IblHorLeft.Name = "IblHorLeft";

this.IblHorLeft.Size = new System.Drawing.Size(91, 13);
this.IblHorLeft. Tablndex = 55;

this.IblHorLeft. Text = "Theta-X Turn Left";

//

// IblHorOK

//

this.IblHorOK.AutoSize = true;

this.IblHorOK.Location = new System.Drawing.Point(772, 343);
this.IblHorOK.Name = "lbIHorOK";

this.IblHorOK.Size = new System.Drawing.Size(63, 13);
this.IblHorOK.Tablndex = 57;

this.IblHorOK.Text = "Theta-X OK";

//

// 1bIVerOK

//

this.IblVerOK.AutoSize = true;

this.IblVerOK.Location = new System.Drawing.Point(699, 454);
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this.IblVerOK.Name = "lIblVerOK";

this.IblVerOK.Size = new System.Drawing.Size(63, 13);

this.IbIVerOK.TabIndex = 58;

this.IblVerOK.Text = "Theta-Y OK";

this.IblVerOK.Click += new System.EventHandler(this.IbIVerOK_Click);

//

// pictureBox1

//

this.pictureBox1.Image = global::Adam6015 17 18.Properties.Resources. 45545

this.pictureBox1.ImageLocation ="";

this.pictureBox 1.Location = new System.Drawing.Point(508, 12);

this.pictureBox1.Name = "pictureBox1";

this.pictureBox1.Size = new System.Drawing.Size(444, 554);

this.pictureBox1.TabIndex = 52;

this.pictureBox1.TabStop = false;

//

// labell

//

this.labell.AutoSize = true;

this.labell.Font = new System.Drawing.Font("Tahoma", 30F,
System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, ((byte)(0)));

this.labell.Location = new System.Drawing.Point(26, 33);

this.labell .Name = "labell";

this.labell.Size = new System.Drawing.Size(405, 48);

this.labell.TabIndex = 59;

this.labell.Text = "Disc Install Station";

this.labell.Click += new System.EventHandler(this.labell Click 1);

//

// label2

//

l
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this.label2.AutoSize = true;

this.label2.Font = new System.Drawing.Font("Tahoma", 30F,
System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, ((byte)(0)));

this.label2.Location = new System.Drawing.Point(26, 81);

this.label2.Name = "label2";

this.label2.Size = new System.Drawing.Size(470, 48);

this.label2.Tablndex = 60;

this.label2. Text = "Parallel Setting Gauge";

//

// txtAlValue5

//

this.txtAIValue5.Location = new System.Drawing.Point(241, 520);

this.txtAIValue5.Name = "txtAIValue5";

this.txtAIValue5.Size = new System.Drawing.Size(43, 20);

this.txtAIValue5.Tablndex = 37;

this.txtAIValue5.Visible = false;

//

// txtAlValue6

//

this.txtAIValue6.Location = new System.Drawing.Point(241, 548);

this.txtAIValue6.Name = "txtAIValue6";

this.txtAIValue6.Size = new System.Drawing.Size(43, 20);

this.txtAIValue6.TabIndex = 36;

this.txtAIValue6.Visible = false;

//

// txtAlValue4

//

this.txtAIValue4.Location = new System.Drawing.Point(241, 492);

this.txtAIValue4.Name = "txtAIValue4";

this.txtAIValue4.Size = new System.Drawing.Size(43, 20);
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this.txtAIValue4.TabIndex = 30;

this.txtAIValue4.Visible = false;

//

// chkboxCh4

//

this.chkboxCh4.Enabled = false;

this.chkboxCh4.Location = new System.Drawing.Point(85, 492);
this.chkboxCh4.Name = "chkboxCh4";

this.chkboxCh4.Size = new System.Drawing.Size(136, 17);
this.chkboxCh4.Tablndex = 25;

this.chkboxCh4.Text = "Al-4 value:";

this.chkboxCh4.Visible = false;

//

// chkboxCh5

//

this.chkboxCh5.Enabled = false;

this.chkboxCh5.Location = new System.Drawing.Point(85, 520);
this.chkboxCh5.Name = "chkboxCh5";

this.chkboxCh5.Size = new System.Drawing.Size(136, 17);
this.chkboxCh5.Tablndex = 24;

this.chkboxCh5.Text = "AI-5 value:";

this.chkboxCh5.Visible = false;

//

// chkboxCh6

//

this.chkboxCh6.Enabled = false;

this.chkboxCh6.Location = new System.Drawing.Point(85, 548);
this.chkboxCh6.Name = "chkboxCh6";

this.chkboxCh6.Size = new System.Drawing.Size(136, 17);
this.chkboxCh6.Tablndex = 23;
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this.chkboxCh6.Text = "AI-6 value:";
this.chkboxCh6.Visible = false;

//

// btnCh1

//

this.btnCh1.BackColor = System.Drawing.Color.BlanchedAlmond;
this.btnCh1.Location = new System.Drawing.Point(3, 3);
this.btnCh1.Name = "btnCh1";

this.btnCh1.Size = new System.Drawing.Size(48, 20);
this.btnCh1.Tablndex = 7;

this.btnCh1.Text = "DO 1";
this.btnCh1.UseVisualStyleBackColor = false;

//

// panelDO

//

this.panelDO.BackColor = System.Drawing.Color.SkyBlue;
this.panelDO.Controls.Add(this.btnCh1);
this.panelDO.Enabled = false;

this.panelDO.Location = new System.Drawing.Point(8, 495);
this.panelDO.Name = "panelDO";

this.panelDO.Size = new System.Drawing.Size(68, 31);
this.panelDO.TabIndex = 22;

this.panelDO. Visible = false;

//

// Forml

//

this. AutoScaleBaseSize = new System.Drawing.Size(5, 13);
this.ClientSize = new System.Drawing.Size(994, 578);
this.Controls.Add(this.label2);
this.Controls.Add(this.labell);
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this.Controls.Add(this.1blIVerOK);
this.Controls.Add(this.lblHorOK);
this.Controls.Add(this.IblHorRight);
this.Controls.Add(this.lblHorLeft);
this.Controls.Add(this.IblVerRight);
this.Controls.Add(this.lblVerLeft);
this.Controls.Add(this.pictureBox1);
this.Controls. Add(this.groupBox2);
this.Controls.Add(this.groupBox1);
this.Controls.Add(this.tbSS3);
this.Controls.Add(this.IbISS3);
this.Controls.Add(this.tbSS2);
this.Controls.Add(this.1bISS2);
this.Controls.Add(this.tbSS1);
this.Controls.Add(this.IbISS1);
this.Controls.Add(this.chkboxCh6);
this.Controls.Add(this.chkboxCh5);
this.Controls.Add(this.chkboxCh4);
this.Controls.Add(this.txtAIValue4);
this.Controls.Add(this.txtAIValue6);
this.Controls.Add(this.txtAIValue5);
this.Controls.Add(this.buttonStart);
this.Controls.Add(this.panelDO);
this.Name = "Form1";

this. Text = "DSI Parallel Setting Gauge";
this.groupBox 1.ResumeLayout(false);
this.groupBox2.ResumeLayout(false);
this.groupBox2.PerformLayout();
((System.ComponentModel.ISupportlnitialize)(this.pictureBox1)).EndInit();

this.panelDO.ResumeLayout(false);
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this.ResumeLayout(false);

this.PerformLayout();

}

#endregion

//l <summary>

/// The main entry point for the application.
/Il </summary>

[STAThread]

static void Main()

{

Application.Run(new Form1());

private void Form1 Closing(object sender, System.ComponentModel.CancelEventArgs ¢)

{
if (m_bStart)
{
timerl.Enabled = false;

adamModbus.Disconnect(); // disconnect slave

private void RefreshChannelRange(int i_iChannel)
{
byte byRange;
if (adamModbus.Analoglnput().GetInputRange(i_iChannel, out byRange))

m_byRange[i_iChannel] = byRange;
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private void RefreshChannelEnabled()

{
bool[] bEnabled;

if (adamModbus.AnalogInput().GetChannelEnabled(m_iAiTotal, out bEnabled))
{
Array.Copy(bEnabled, 0, m_bChEnabled, 0, m_iAiTotal);

private void buttonStart Click(object sender, System.EventArgs e)
{

//clear ref plane
IblSetRefResult. Text = "No Reference Plane";

//--

btnSetRefPlane.Enabled = true;

if (m_bStart) // was started

{
//panelDO.Enabled = false;
m_bStart = false; // starting flag
timer1l.Enabled = false; // disable timer
adamModbus.Disconnect(); // disconnect slave

buttonStart. Text = "Start";

}

else // was stoped
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if (adamModbus.Connect(m_szIP, ProtocolType.Tcp, m_iPort))
{

//panelDO.Enabled = true;

m_iCount = 0; // reset the reading counter

timerl.Enabled = true; // enable timer

buttonStart. Text = "Stop";

m_bStart = true; // starting flag

if (m_Adam6000Type == Adam6000Type.Adam6017 ||
m_Adam6000Type == Adam6000Type.Adam6018)
RefreshChannelRange(7);

RefreshChannelRange(6);

RefreshChannelRange(5);

RefreshChannelRange(4);

RefreshChannelRange(3);

RefreshChannelRange(2);

RefreshChannelRange(1);

RefreshChannelRange(0);

RefreshChannelEnabled();

}

else

MessageBox.Show("Connect to " + m_szIP + " failed", "Error");

private void timer1_Tick(object sender, System.EventArgs e)
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timerl.Enabled = false;

m_iCount++; // increment the reading counter
//txtReadCount.Text = "Read coil " + m_iCount. ToString() + " times...";

RefreshChannelValue();

z1 = CalDistance((float)Convert. ToSingle(txtATValue4. Text.Substring(0,
txtAIValued.Text.Length - 2)));

z2 = CalDistance((float)Convert. ToSingle(txtATValue5. Text.Substring(O0,
txtAIValue5.Text.Length - 2)));

z3 = CalDistance((float)Convert. ToSingle(txtAIValue6.Text.Substring(0,

txtAIValue6.Text.Length - 2)));

tbSS1.Text = string. Format("{0:0.##}", z1) + " mm";
tbSS2.Text = string. Format("{0:0.##}", z2) + " mm";
tbSS3.Text = string. Format(" {0:0.##}", z3) + " mm";
if (startMeasure)
{

_thetaY = thetaY(this.z1, this.z2, this.z3);

_thetaX = thetaX(this.z1, this.z3);

tbThetaX.Text = string. Format(" {0:0.##}", _thetaX);

tbThetaY.Text = string. Format(" {0:0.##}", thetaY);

//lupdate GUI
//Theta-X
if (_thetaX <-0.13)
{
IblHorLeft.Visible = false;

IblHorOK. Visible = false;




IblHorRight.Visible = true;
H
else if (_thetaX > 0.13)
{
IbIHorLeft.Visible = true;
IbIHorOK. Visible = false;
IblHorRight.Visible = false;
H
else if ((-0.13 <= _thetaX) && (_thetaX <=0.13))
{
IblHorLeft.Visible = false;
IblHorOK.Visible = true;
IblHorRight.Visible = false;
h

else;

//Theta-Y

if (_thetaY <-0.13)

{
IblVerLeft.Visible = true;
IbIVerOK.Visible = false;
IblVerRight.Visible = false;

}

else if (_thetaY > 0.13)

{
IblVerLeft.Visible = false;
IblVerOK.Visible = false;
IblVerRight.Visible = true;

}
else if ((-0.13 <= thetaY) && (_thetaY <=0.13) )
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IblVerLeft.Visible = false;
IbIVerOK.Visible = true;

IblVerRight.Visible = false;

else ;

RefreshDO();

timerl.Enabled = true;

}
private void RefreshDO()

{

//Implement here

private void RefreshSingleChannel(int i_ilndex, ref TextBox txtCh, float fValue)

{

string szFormat;

if (m_bChEnabled[i_ilndex])

{
szFormat = AnalogInput.GetFloatFormat(m Adam6000Type, m_byRange[i_ilndex]);
txtCh.Text = fValue.ToString(szFormat) + " " +

AnalogInput.GetUnitName(m_Adam6000Type, m_byRange[i_ilndex]);
H
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private void RefreshSingleChannelBurn(int i_ilndex, ref TextBox i_txtCh, floati fValue,
bool i_bBurn)
{

string szFormat;

if (m_bChEnabled[i_ilndex])
{
if (i_bBurn)
i_txtCh.Text = "Burn out";
else
{
szFormat = Analoglnput.GetFloatFormat(m Adam6000Type,
m_byRange[i_ilndex]);
i txtCh.Text=1 fValue.ToString(szFormat) +" " +
AnalogInput.GetUnitName(m Adam6000Type, m_byRange[i_ilndex]);
H

private void RefreshChannelValue()
{
int iStart = 1, iBurnStart = 121;
int ildx;
int[] iData;
float[] fValue = new float[m_iAiTotal];

bool[] bBurn = new bool[m_iAiTotal];

if (adamModbus.Modbus().ReadInputRegs(iStart, m_iAiTotal, out iData))

{
for (ildx = 0; ildx < m_iAiTotal; ildx++)
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fValue[ildx] = AnalogInput.GetScaledValue(m Adam6000Type, m_byRange[ildx],
iData[ildx]);
/
if (m_Adam6000Type == Adam6000Type.Adam6015)
{
if (adamModbus.Modbus().ReadCoilStatus(iBurnStart, m_iAiTotal, out bBurn)) //

read burn out flag

{

RefreshSingleChannelBurn(4, ref txtAIValue4, fValue[4], bBurn[4]);
RefreshSingleChannelBurn(5, ref txtAIValue5, fValue[5], bBurn[5]);

RefreshSingleChannelBurn(6, ref txtAIValue6, fValue[6], bBurn[6]);

else

RefreshSingleChannel(4, ref txtAIValue4, fValue[4]);
RefreshSingleChannel(5, ref txtATValue5, fValue[5]);

RefreshSingleChannel(6, ref txtAIValue6, fValue[6]);

private void btnCh_Click(int i_iCh, TextBox txtBox)

{
int iOnOfAY, iStart =17 +1_iCh;
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timerl.Enabled = false;

if (txtBox.Text == "True") // was ON, now set to OFF

{
iOnOff = 0;

H

else

{
1OnOff=1;

H

if (adamModbus.Modbus().ForceSingleCoil(iStart, iOnOff))
RefreshDO();

else

MessageBox.Show("Set digital output failed!", "Error");

timerl.Enabled = true;

/fregion Calculate Disctance from Raw Analogue Value

private float CalDistance(float rawAmp)

{
return ((rawAmp * Convert.ToSingle(1.25) + Convert. ToSingle(35.0)));

private void textBox2_ TextChanged(object sender, EventArgs )

{

private void btnSetRefPlane Click(object sender, EventArgs ¢)
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btnSetRef Click(1, IbISetRefResult);

private void btnSetRef Click(inti_iCh, Label IblResult)
{

int iOnOff = 0, iStart = 17 + i_iCh;
bool errFlag = false;

IbIResult. Text ="";

for (inti=0;1<3;i++)

{
if (i>0)
{
if (iOnOff == 0) iOnOff = 1;
else iOnOff = 0;
H

if (adamModbus.Modbus().ForceSingleCoil(iStart, iOnOff))
RefreshDO();

else

{
MessageBox.Show("'Set digital output failed!", "Error");
errFlag = true;

H

System.Threading. Thread.Sleep(500);
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IblResult. Text = !errFlag ? "Reference Plane OK" : "Reference Plane Error!!!" ;
if (lerrFlag)
{

btnSetRefPlane.Enabled = false;

//clear Calibrated value here

timerl.Enabled = true;

private float thetaY (float z1, float z2, float z3)
{

return (float)(Math. Atan(Convert. ToDouble((-0.0132 * z1) + (0.0264 * z2) - (0.0132 *
73))) * 180 / Math.PI);

}

private float thetaX(float z1, float z3)
{

return (float)(Math.Atan(Convert.ToDouble((0.0229 * z1) - (0.0229 * z3))) *
180/Math.PI);

}

private void btnMeasure_Click(object sender, EventArgs €)
{

startMeasure = true;

private void IblVerOK _Click(object sender, EventArgs €)
{
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private void labell _Click 1(object sender, EventArgs €)

{

}
/[#endregion
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