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ABSTRACT

This thesis presents the control system design of robot arms for playing “GONG WONG
YAI”. The objective is to control the angle and the length of the arms to hit the “GONG”
according to the pre-specified music note. For hitting the “GONG” at the right position, each
robot arm uses the feedback signals which represent the angle and the length of the robot arm.
These signals are measured by adjustable resistive sensors of which their electrical voltage signals
change according to the angle and the length of the robot arms. These robot arms use DC motors
as their actuators. Microcontrollers are employed as the controller. and _inte‘;facing unit to a
computer.

Then, the experiments in controlling the robot arms are conducted using different types
of controllers. It is found that the suitable controller to control the angle of the robot arm is ON-
OFF control and to controller the length of the robot arm is PID controller . As a result, the robot

arms can hit the “GONG” at the right position according to the specified music note.
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(0991) V) V) V) wiy (V)
At 1 A 2 a3

0 0.099 0.100 0.101 0.100
10 0318 0.318 0315 0.317
20 0.526 0.525 0.522 0.524
30 0.741 0.737 0.739 0.739
40 0972 0.970 0972 0.971
50 1.192 1.191 1.195 1.193
60 1.400 1.406 1.406 1.404
70 1.610 1.609 1.611 1.610
80 1.835 1.835 1.835 1.835
90 2.049 2.049 2.047 2.048
100 2211 2.213 2.210 2211
110 2.432 2.433 2.431 2432
120 2.648 2.643 2.647 2.646
130 2.824 2.820 2.822 2.822
140 3.039 3.042 3.040 3.040
150 3.228 3.229 3.230 3.229
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180 3.859 3.860 3.863 3.861
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200 4.284 4.285 4.280 4.283
210 4.517 4.518 4.516 4.517
220 4.715 4.720 4.723 4.719
230 4915 4915 4915 4915
240 4.975 4.973 4.974 4.974
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30 0.749 0.751 0.750 0.750
40 0.995 0.990 0.987 0.991
50 1.209 1.208 1.210 1.209
60 1.432 1.433 1.430 1.432
70 1.656 1.656 1.658 1.658
80 1.862 1.862 1.862 1.862
90 2.068 2.066 2.067 2.067
100 2.265 2.264 2.266 2265
110 2.470 2.470 2.266 2.469
120 2.656 2.657 2.659 2.657
130 2.844 2.848 2.852 2.848
140 3.039 3.039 3.039 3.039
150 3.224 3.225 3.226 3.255
160 3.458 3.456 3.460 3.458
170 3.660 3.660 3.660 3.660
180 3.906 3.907 3.908 3.907
190 4.128 4.128 4.128 4.128
200 4.335 4.339 4.337 4337
210 4.592 4.593 4.591 4.592
220 4.816 4.816 4.819 4.817
230 4.945 4.945 4.945 4.945
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dw(t)

1 > Torque = (n.3)

do )
T (t)

Ty (1)
T, (1)
a(t)
N
0(t)
B

> Torque =
> Torque =

unu (n.4) u (n.3)

dt

Tiwudaunden (Moment of Inertia) (R lanSu/msusss)
waiiadvanuluiitaammernoansniu (Viscous Friction)
(HIU-LUAS)

u3aiANUDNBS (TIAU-LUAS)

U3iANINNAYBINIIEHRIADT (11IAU-UAT)

anuS AT (sRouAui)

dnsIMATOLINDY

AMHUAFA (131R0)
Funlszaniisafeanulufitaannizianoanindu (HIPU-AS -

NNATRBY)

T®-TO-T
T, (t) - Bax(t) - T, (t) (n.4)
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0
dt

do(t)
J———dt + Bax(t)

T, (1) - Ba()- T, (1)

TO-T

i T.(O-T (1) = T
T(t) = JS’%w(ﬂ(t) (n.5)

nmsuasaats aums (0.5) Taodmualdfionnzisudun o) = 0 WemAu

oalay
T(s) = Jsw(s)+ Bw(s)
w(s) _ 1 (n.6)
T(s) (Js+B)
fHin9n
o) = jm(t)dt (M.7)

mnsutasarars aums 0.7) TaodmualdiannzSudul o(0) = 0 Wwonladsu

a1 Tou

B(s) = —}}—Sm(s)

X 0.9)

o(s) "~ Ns

! o o =y o o ot
 anudiusveawinlimeintinih dagiiiaa

U n.1 asesidisudeana il
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nnngAna1veunsiver (Kirchhoff’s Voltage Law : KVL)

dI ()
Vin(t)-La (.jlt -Rala(t)_Eb(t) = 0 (ﬂ,9)
Tay  E, usaau T doundy (Toa¥)
R, . anudumuysavaalaomed (loviu)
L AU N eNARIAB LD (813)
v ussuduna (1aav)
I : sz I Tnar A NG NN B AR DD S (LouLl$)
, dl (1)
WV, (O-E,@® = L, gt +R,1,(t) (n.10)
V. ()-E () = V(1) i
dI (1)
V(t) = L, :h +R, I, (1) .11

msulasaa aumis (1) TasdwmualdliannzSuduil 1(0) = 0 Wemeisy

o1y lau

V(s) = (Ls+R,),(s)
I (s) _ 1

= (n.12)
V(s) (L,s+R,)

iszuumaFanauaznia Idfhwigeudedu Taeliszuusanii vis) duduna
a o 4 & ¥ o de § 3 1 o’:
“uaz 6(s) dlwenina dwaaluziiin2  FelanudmiuialdiFeudessheszuni

¥
anud Ul

T,() = KOL,(1) (n.13)
E, () = Kda(t) (n.14)
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Dim cn, cn?, en3, cnd, cns, cné As Integer
Dim P, P2, P3, P4 As Double

Dim i, i2, i3, i4 As Double

Dim D, D2, D3, D4 As Double

Dim j As Integer

Dimrc, re2 As String

Dim vmi, vmi2, vmi3, vmi4 As Integer

Private Declare Sub Sleep Lib "kernel32" (By Val dwMilliseconds As Long)

Private Sub Command! _Click()
Vkp = Val(Text4.Text)
Vki = Val(TextS. Text)
Vkd = Val({Text6.Text)
Vsp = Val(Text3.Text)
Vkp2 = Val(Text8.Text)
Vki2 = Val(Text9.Text)
Vkd2 = Val{Text10.Text)
Vsp2 = Val(Text?.Text)
Vkp3 = Val(Text14.Text)
Vki3 = Val(Text15.Text)
Vkd3 = Val(Text16,Text)
Vsp3 = Vai(Text13.Text)
Vkp4 = Val(Text]18.Text)
Vkid4 = Val(Text19.Text)
Vkd4 = Val(Text20.Text)
Vspd = Val(Text] 7.Text)
mscmax.CommPort = |

mscmax.Settings = "19200,n,8,1"

If mscrnax.PortOpen = False Then

mscmax. PortOpen = True

End If
er0=0
er02=0
er03 =0
erd4 =0
k=0

Ts =0.09
Ts3=0.155
3 =1
cné =1

i=0
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=0
i3=0
=0

If Optionl.Value = True Then
Timerl.Enabled = True
Timerl.Interval = 80
mscmax.Output = "s]27a"
Sleep (1)

Text2] Text=""

Text22. Text=""

Elself Option2.Value = True Then
Timer2.Enabled = True
Timer2.Interval = 80
mscmax.Output = "s127¢e"
Steep (1)

Textl.Text=""

Text2. Text=""

Elself Option3.Value = True Then
Timer3.Enabled = True
Timer3.Interval = 1
mscmax.Output = "s127a"
Sleep (100)
mscmax.InputLen = 0
Sleep (1)

b = mscmax.Input

1c = Mid(b, 2, 6)

fb = Val(Format(rc, "0.00"))
fb=1b+0.34 .
Textl. Text = fb

rc2 = Mid(b, 14, 6)

fb2 = Val(Format(rc2, “0.00™))
Text2.Text = fb2
mscmax.Cutput = "s]27e"
Sleep (100)
mscmax.InputLen = 0

Sleep (1)

b = mscmax.Input

rc = Mid(b, 2, 6)

b3 = Val(Format{rc, "0.00"))
Tex21.Text= b3
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rc2 = Mid(b, 14, 6)
th4 = Val(Format(rc2, "0.00"))
Text22.Text = fbd
End If
End Sub

Private Sub Command2 Click()
If Timer! Enabled = True Then
mscmax.Qutput = “sk"
Sleep (1)
Timer![.Enabled = False
mscmax.PortOpen = False
Elself Timer2.Enabled = True Then
mscimax.Qutput = "sk”
Sleep (1)
Timer2.Enabled = False
mscmax.PortOpen = False
Elself Timer3.Enabled = True Then
mscmax.Output = "sk"”
Sleep (1)
Timer3.Enabled = False
mscmax.PortOpen = False
End If
End Sub

Private Sub Command3_Click()
If Optionl.Value = True Then
Form2.Show
Form4.Show
Elseif Option2,Value = True Then
FormiShow
Form5.Show
Elself Option3.Value = True Then
Form?2.Show
Form3.Show
Form4.Show
Form5.Show
End If
End Sub

Public Sub Timer!_Timer()
mscmax.InputLen =0

Sleep (1)
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b = mscmax.Input
rc = Mid(b, 2, 6)
fb = Val(Format(rc, "0.00"))
fb=1b+0.34
Textl.Text=1b
meml(k) = fb
rc2 = Mid(b, 14, 6)
fb2 = Val(Format(rc2, "0.00"})
Text2.Text = fb2
mem3(k) = b2
er=Vsp-fb
er = Round{er, 1)
P=Vkp*er
i=i+Vki*{(Ts/2)* (er + er0))
D = Vkd * ((er - erQ) / Ts)
Vm=P+i+D
If (Vm > 5#) Then
Vm= 54
Elself (Vm < -5#) Then
VYm=-54
End If
er0=er
vmi=255"*(Vm - 5} + 255
Vms = Format{vmi, "000")
mscmax.Output = "s"
mscmax.Output = Vms
mscmax.Output = "a"
er2 = Vsp2 - b2
er2 = Round(er2, 1)
P2 = Vkp2 * er2
i2=02+ Vki2 * ((Ts / 2) * {er2 + er02))
D2 =Vkd2 * {(er2 - er02) / Ts)
Vm2 =P2+i2 +D2
If(Vm2 > 5#) Then
vm2 =54
Elself (Vm2 <-5#) Then
vm2 = -54
End If
€0l =e12

vmi2 =255 * (Vm2 - 5) + 255

Vms2 = Format{vmi2, "000")
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If er2 =0 Then

cn2=cn2 + |

cn3=0
Else
cn2=0
end = |
End If
Ifcnd > 0 Then

mscmax.Output = "s"

mscmax.Output = Vins2

mscmax.Output = "b"

End If

k=k+1

Textil.Text=k

Ifer2 =0 And cn2 = | Then
Sleep (1)

mscmax.Qutput = "s|27b"

End If
It er =0 Then
cn=cn+1
Else
cn=0
End If

Ifer =0 And cn >=3 And cn2 >= 1 Then
Sleep (1)
mscmax, Output = "sk”
Sleep (50)
mscmax.Output = "sj"
Sleep (50)
Timer].Enabled = False
mscmax.PortOpen = False
cn=0
cn2 =0
MsgBox "Your work has already done”
End If
End Sub

Public Sub Timer2_Timer()
mscmax.InputlLen =0
Sleep (1)
b = mscmax. Input
rc = Mid(b, 2, 6)
b3 = Val(Format(rc, "0.00")}



Text21.Text = fb3
mem2(k) = fb3
rc2 = Mid(b, 14, 6)
fb4 = Val(Format{rc2, "0.00"))
Text22.Text = fb4
memd(k) = fb4
er3 = Vsp3 - fb3
er3 = Round(er3, 1)
P3 =Vkp3 *er3
i3=13+ Vki3 * ((Ts /2) * (er3 + er03))
D3 = Vkd3 * ((er3 - er03) / Ts)
Vm3=pP3+i3+D3
If (Vm3 > 5#) Then
Vm3 =5#
Elself (Vm3 < -5#) Then
Vm3 =-5#
End If
er)3 =erl
vmild =255*+(Vm3-5)
Vms3 = Format(vmi3, "000")
mscmax.Output = "s"
mscmax.Output = Vms3
mscmax.Qutput = "e"
erd = Vsp4 - b4
erd = Round(er4, 1)
P4=Vkp4 * erd4
4 =14+ Vki4 * ((Ts / 2) * (erd + e04))
D4 = Vkd4 * ({er4 - er04) / Ts)
Vmd =P4 +i4 + D4
If (Vm4 > 5#) Then
Vind = 5#
Elself (Vm4 < -5#) Then
Vm4 = -5#
End If
er04 = erd
vmi4 = 25.5 * (Vm4 - 5) + 255
Vms4 = Format(vmi4, "000")
If er4 = 0 Then
cn2=cn2+1
cn3=0
Else
cn2=0
cen3=1
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End [f

Ifcn3 > 0 Then
mscmax.Cutput = "s”
mscmax.Output = Vms4
mscmax.Qutput = "t"

End If

k=k+1

Text! L Text =k

[fer4d =0 And cn2 = | Then
Sleep (1)

mscmax.Qutput = "s 127"

End If
Ifer3 =0 Then
cn=cn+ |
Else
cn=0
End If

[fer3 =0 And cn >=3 And ¢n2 >= | Then
Sleep (1}
mscmax.Output = "sk”
Sleep (50)
mscmax.Output = "s}"
Sleep (50)
Timer2.Enabled = False
mscmax,PortOpen = False
cn=0
cn2=0
MsgBox "Your work has already done”
End If
End Sub

Public Sub Timer3_Timer()
er=Vsp- (b
er = Round(er, 1)
P=Vkp*er
i=i+ Vki*((Ts3/2)* (er +er0))
D=Vkd " ((er- er0) / Ts3)
Vm=P+i+D
If (Vm > 5#) Then
Vm =54
Elself (Vm < -5#) Then
Vm=-5#
End If



er) =er
vini =25.5 *(Vm - 5) + 255
Vms = Format(vmi, "000"}
erd = Vsp2 - fb2
er2 = Round(er2, 1)
P2=Vkp2*er2
i2=12+ Vki2 * ((Ts3/2) * (er2 + er02))
D2 = Vkd2 * ((er2 - er02) / Ts3)
Vm2=P2 +i2+D2

If (Vm2 > 5#) Then

Vm2 = 5#
Elself (Vm2 < -5#) Then
V2 =-54

End If
er02 = er2
vmi2 =25.5* (Vm2 - 5) + 255
Vms2 = Format(vmi2, "000"}
If er2 = 0 Then

cn2 =cn2 + |

cn3=0
Else

cn2=0

cn3 = |
End If
Sleep (60)

Ifk >0 Then
mscmax.InputLen =0

Sleep (1)

b = mscmax.Input

rc = Mid(b, 2, 6)

b3 = Val(Format(rc, "0.00"))
Text2].Text = fb3

mem2(k) = fb3

rc2 = Mid(b, 14, 6)

fb4 = Val(Format(rc2, "0.00"))
Text22 Text = fb4

memd(k) = fbd

End If

mscmax.Output = "s*
mscmax.Output = Vms
mscmax.Output = "a”

if en3 > 0 Then
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mscmax.Output = "s"
mscmax. Output = Vms2
mscmax.Output = "b”
End If
Ifer2 =0 And cn2 = | Then
Steep (1)

mscmax.Output = "s| 27b"

End If
iter =0 Then
cn=cn+ |
Else
=0
End If
er3 = Vsp3 - b3

er3 = Round(er3, 1)
P3 = Vkp3 * er3
i3=1i3+ Vki3 *((Ts3/2) * (er3 + er03))
D3 = Vkd3 * ({er3 - er03) / Ts3)
Vm3 =P3+i3+D3
If (Vm3 > 5#) Then
Vm3 = 5#
Elself {(Vm3 < -5#) Then
Vm3 = -5#
End If
er03 =er3
vmil =255*-(Vm3-5)
Vms3 = Format(vmi3, "000")
erd = Vspd - fb4
erd = Round{erd, 1)
P4 = Vkpd * erd
i4 =14+ Vkid * {{Ts3/2) * {erd +.er04))
D4 = Vkd4 * {(er4 - er04) / Ts3)
Vm4 =P4+i4 + D4
If (Vm4 > 5#) Then
Vmd =54
Elself (Vm4 < -5#) Then
Vmd =-5#
End If
er0d = erd
vmi4 =25.5 * (Vm4 - 5} + 255
Vmsd4 = Format(vmid, "000")
If er4 = 0 Then

enS=cns5 + 1
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cn6 =0

Else
s =0
cné = 1

End If

Sleep (60)

Ifk >0 Then

mscmax.lnputlen =0

Sleep (1)

b = mscmax.Input

rc = Mid(b, 2, 6)

fb = Val(Format{rc, "0.00"))

fb=fb+0.34

Text]. Text=fb

meml{k) = fb

rc2 = Mid(b, 14, 6)

b2 = Val(Format(rc2, "0.00"))

Text2.Text = b2

mem3(k) = b2

End If
mscmax.Qutput = "s"
mscmax.Output = Vms3
mscmax.Qutput = "g"

ifcn6 > 0 Then
mscmax.Qutput = "s”
mscmax.Output = Vms4
mscmax.Qutput = *f*

End If

k=k+1

Textil Text=k

Iferd=0 AndcenS = l_Thcn
Sleep (1)
mscmax.Output = "s127f"

End If

Ifer3 =0 Then co
cnd =cnd + |

Else
cnd=0

End If

Ifer=0Andcn>=3 Andcn2 >= | And er3=0 And cnd >= 3 And ¢n5 >= | Then

Sleep (1)
mscmax.Output = "sk”

Sleep (50)
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mscmax.Qutput = "sjl"
Sleep (50)
Timer3.Enabled = False
mscmax. PortOpen = False

cn=0

(=)

cnl =
MsgBox "Your work has already done”
End It
End Sub
TudmidavedTilsunsuouns fineezdon il
Option Explicit
Dim x As Double
Dim y As Double
Dim i As Integer
Private Sub Command!_Click()
Picturel.Scale (-0.7, -5.5)-(10.62, 0.5)
Picturel.BackColor = vbWhite
Picturel.ForeColor = vbBlack
Picturel.Line (0, 0)-(10, 0)

Picturel.Line (0, -5)-(0, 0)

Forx=0To 10 Step !
Picturel.Line (x, 0)-(x, 0.2)
Picturel.CurrentX = x - 0.1
Picturel.Print x

Next x

Fory=0To-5 Step -l _
Picturel.Line (-0.1, ¥)-0, y)
Picturel .CurrentX = -0.6
Picture! .CurrentY =y - 0.1
Picturel Print y * -1

Next y

Picturel .CurrentX = 10.01
Picturel .CurrentY =-0.3
Picture | Print "Time{s)"
Picture] .CurrentX = -0.4
Picture] .CurrentY = -5.5

Picture! Print "Volt(V)"
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Ifk>1 Then

x=0

y = -mem!(0)

i=0

End If

If k < 100 Then

Fori=0Tok-1
Picturel.Line -(x, y)

= -(mem1(i))

x=x+0l

Next i

Fori=(k-1)To 99
Picturel.Line -(x, y)
y =-(meml(k - 1))
x=x+0.1

Next i

Elself k >= 100 Then

Fori=0To 99
Picturel.Line ~(x, y)
y =-{mem1(i))
x=x+0.1

Next i

End If

End Sub
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Dim P, P2, P3, P4 As Double

Dim i, i2, i3, i4 As Double

Dim D, D2, D3, D4 As Double

Dim j As Integer

Dim rc, rc2 As String

Dim vmi, vini2, vmi3, vmi4 As Integer
Dim k As Integer

Dim dif, dif3 As Double

Dim chk, chk2 As Double

Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)

Private Sub Command!_Click{)

If mscmax.PortOpen = False Then
mscmax.PortOpen = True
End If

cen?7=0

cn8=0

cn9 =10

enll =0

Timerl.Enabled = True

Timer!.Interval = |

End Sub

Private Sub Command2_Click{)

If mscmax.PortOpen = True Then
Sleep (1)
mscmax.Output = "sk"
Sleep (50)
mscmax.PortOpen = False
End If

"I Timerl Enabled = True Then

_ Timerl.Enabled = False
End If

End Sub

Private Sub Command3_Click()
Fori=0To 19
Textl(i).Text=""
Next

End Sub

Private Sub Command4_Click()
If mscmax.PortOpen = False Then



mscmax. PortOpen = True
End If
er0=0
er02 =0
er03 =0
er0d4 =0
k=0
Ts =0.09
Ts3=0.155
end =1
cn6 =1
i=0
2=0
i3=0
i4=0
mscmax.Output = "s1272"
Sleep (100)
mscmax.Inputlen =0
Sleep (1}
b = mscmax.Input
rc = Mid(b, 2, 6)
fb = Val(Format(rc, "0.00"))
rc2 = Mid(b, 14, 6)
fb2 = Val(Format(rc2, "0.00"))
mscmax.Output = "s127e"
Sleep (100)
mscmax.Inputlen =0
Sieep (1)
b = mscmax.Input
rc = Mid(b, 2, 6)
53 = Val(Format(rc, *0.00™))
rc2 = Mid(b, 14, 6)
fb4 = Val(Format(rc2, “0.00"))
1f0.104 <= fb And fb <= 1.954 Then
fhl =fb+ 044
b5 =(fbl - 0.104) / 0.0233125
Elself 1.955 <= fb And fb <= 3.648 Then
b1 =1b+0.2
fo5 =(fbt - 0.25)/ 0.015988
Elself 3.649 <= fb And fb <= 5.4 Then
fbl =fb+0.25
b5 =(fbl + 0.12)/0.02256
End If
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b6 =(fb3 - 0.1) / 0.0209348
b5 = Val(FormatNumber({b5, 2)}
b6 = Val(FormatNumber(fh6, 2))
Text4.Text = fb
Text5.Text = fb3
Text6.Text = fbS
Text7.Text = tb6

End Sub

Private Sub Form_Load()

mscmax. CommPort = |

mscmax.Settings = " [9200,n,8,1"
If mscmax.PortOpen = False Then
mscmax.PortOpen = True
End If

erf0=0

er)2 =0

er03=0

er04=0

k=0

Ts =0.09

Ts3 =0.155

cnj =1

cno=1

mspmax.Output = "si27a"
Sleep (100}
mscmax.Inputl.en = 0

Sleep (1)

b = mscmax.Input

rc = Mid(b, 2, 6)

fb = Val(Format(rc, "0.00"))
rc2 = Mid(b, 14, 6}

fb2 = Val(Format(rc2, "0.00"))
mscmax.Output = "s] 27e"
Sleep (100)
mscmax.InputlLen = 0

Sleep (1)

b = mscmax. Input



rc = Mid(b, 2, 6)
b3 = Val(Format(rc, "0.00"))
rc2 = Mid(b, 14, 6)
fb4 = Val(Format(rc2, "0.00™)
I£0.104 <= fb And fb <= 1.954 Then
fbl =fb+ 0,44

b5 = (fol - 0.104) /0.0233125

Elself 1.955 <= fb And fb <= 3.648 Then

fbl=fb+0.2

fb5 = (fbl - 0.25) / 0.019988
Elself 3.649 <= fb And b <= 5.4 Then
fbl ={b+0.25

b5 =(bl +0.12) / 0.02256
End If

b6 = (fb3 - 0.1}/ 0.0209348
b5 = Val(FormatNumber(fb5, 2))
fb6 = Val{FormatNumber(fb6, 2})
Text4. Text=1{b
TextS.Text = b3
Text6.Text = fb5
Text7.Text = fb6
End Sub

Private Sub Timer!_Timer()
Ifcn7 > 0 Then
Timerl.Interval = 3000
Ifenll = 1 Then
mscmax.Qutput = "sj"
Elselfcnll =2 Then
mscmax.Output = "s]"
Elselfcnit = 3 Then
msc':max.Output ="sjI"
End I
Sleep (2)
End If

=0

erl=0

er2=0

er03=0

cn=0

cnz=0
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cnd=1
cnd =0
cnS=0

cno=1

i2=0
i3=0

i4=0

FTEATETLIL R ERCRIICRIt=1oe!

If Textl(cn8). Text <= "-" And Text1{cn9).Text ="-" Then

cnll =1
Select Case Textl{cn8).Text
Case "2"
Vsp=10.2
Vsp2 =4.7
Vsp5=22.99
Case "3"
Vsp =0.68
Vsp2 =47
Vsp5 =43.58
Case "4"
Vsp=1.11
Vsp2 = 4.7
Vsp5 = 62.03
Case "5"
Vsp=1.53
Vsp2 = 4.2
Vsp5=80.04
Case "6"
Vsp= 1.9
Vsp2 =3
Vsp5 =95.91 -
Case "7"
Vsp=2.31
Vsp2=3
Vsp5 =113
Case "8"
Vsp=2.64
Vsp2=2.5
Vsp5 =129.5



Case "9"
Vsp = 3.02
Vspl =25
VspS = 142.12
Case "10"
Vsp =328
Vsp2 =43
Vsps = 161.6
Case "11"
Vsp=3.7
Vsp2 =43
Vsps = 1804
Case "12"
Vsp=4.02
Vsp2 = 4.7
VspS =194.5
Case "13"
Vsp=4.3
Vsp2 =4.7
Vsp5 =209.2
Case "14"
Vsp=4.65
Vsp2 = 4.7
VspSs =224.7
Case "15"
Vsp=4.385
Vsp2 =47
Vsp5 =234.9
Case "16"
Vsp =499
Vsp2 =3.6
Vsp5 =238
End Select

dif = Abs(fb - Vsp)

If dif = ¢ Then
Vkp=0
Vki=0
Vkd=0
Vkp2 =20
vki2=0
Vkd2 =0

Elself 0.16 <= dif And dif <= 0.5 Then

Vkp=3

96



Vki=0.8
Vkd =1
Vkp2 =20
Vki2 =0
Vkd2z =0
Elself 0.51 <= dif And dif <= 0.85 Then
Vkp=2.7
Vki=0.7
Vkd=1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 0.86 <= dif And dif <= 1.2 Then
Vkp=2.2
Vki=0.8
Vkd =1
Vkp2 =20
Vki2 =9
Vkd2=0
Elseif 1.21 <= dif And dif <= .55 Then
Vkp = 1.83
Vki=0.72
Vkd = 1
Vkp2 =20
Vki2 =0
Vkd2 =0
Elself [.56 <= dif And dif <= 1.9 Then
Vkp=1.7
Vki=0.68
Vkd=1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 1.91 <= dif And dif <=2.25 Then
Vkp = 1.45
Vki=0.5
Vkd =095
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 2.26 <= dif And dif <= 2.6 Then
Vkp= 1.1
Vki=0.3
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Vkd = |
Vkp2 =20
VkiZ =0
Vkd2 =0
Elself 2.61 <= dif And dif <= 2.95 Then
Vkp=14
Vki = 0.3
Vkd = |
Vkp2 = 20
Vkiz=0
vkd2 =0

Elself 2,96 <= dif And dit <= 3.3 Then

Vkp=1.38
Vki=0.28§
Vkd=1
Vkp2 = 20
Vki2 =0
vkd2=0

Elself 3.31 <=dif And dif <= 3.65 Then

Vkp =1.275
Vki=02
Vkd =1
Vkp2 = 20
vki2 =0
vkd2 =0

Elseif 3.66 <= dif And dif <= 4 Then

Vkp = 1275
Vki=021
Vkd =1
Vkp2 =20
Vki2 =0
Vkd2 =0

Elself 4.01 <= dif And dif <= 4.35 Then

Vkp=1.27
Vki=0.225
Vkd=1
Vkp2 =20
Vki2 =0
Vkd2=0

Elsclf 4.36 <= dif And dif <= 4.7 Then
Vkp = 127
Vki=0.2
Vkd=1



Vkp2 = 20
Vki2 =0
Vkd2 =0

Elself 4.71 <= dif And dif <= 5.03 Then

Vkp = 1.27

Vki=0.2

Vkd = [

Vkp2 =20

VkiZ =0

Vkd2 =0
End If

chk = Abs(fb6 - Vsp5)
If chk <= 10 Then
Vsp3 = Vsp-0.68
Vspd = Vsp - 0.68
dif3 = Abs(fb3 - Vsp3)
1£dif3 =0 Then
Vkp3=0
Vki3=0
Vkd3=0
Vkpa =20
Vkid =0
Vkd4 =0
Elself 0.16 <= dif3 And dii3 <= 0.5 Then
Vkp3=3
Vki3 =038
Vkdl =1
Vkp4 = 20
Vki4=0
Vkdd=0 )
Elself 0.51 <= dif3 And dif3 <= 0.85 Then
Vkp3 =23
Vki3 = 1.25
Vkd3=1.2
Vkpd =20
Vki4=0
Vkd4=0
Elself 0.86 <= dif3 And dif3 <= 1.2 Then
Vkp3 =2
Vki3=0.9
Vkd3 =1
Vkpd =20
Vkid =0
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Vkd4=0
Elself' 1.21 <=dif3 And dif3 <= 1.55 Then
Vkp3 = 1.75
Vki3 =0.75
Vkd3 = |
Vkpt =20
Vkid =0
Vkdd4=0
Elself 1.56 <= dit3 And dit3 <= 1.9 Then
Vkpl=1.75
Vkil=0.75
Vkd3 =]
Vkp4 =20
Vki4=0
Vkd4=0
Elself 1.91 <=dif3 And dif3 <= 2.25 Then
Vkp3=1.75
Vki3 =0.75
Vkd3 =1
Vkp4 =20
Vkid=0
Vkd4 =0
Elself 2.26 <=dif3 And dif3 <= 2.6 Then
Vkp3 = 1.65
Vki3 =0.75
Vkd3 =1
Vkpd =20
Vkid =0
Vkdd=0
Elself 2.61 <=dif3 And dif3 <= 2.95 Then
Vkp3 = 1.55_
Vki3 = 0.65
Vkd3 =0.9
Vkp4 =20
Vki4 =0 -
Vkd4=0
Elself 2.96 <= dif3 And dif3 <= 3.3 Then
Vkp3=1.35
Vki3 =0.5
Vkd3 =1
Vkp4 =20
Vki4=0
Vkd4=0



Elself 3.3! <= dif3 And dif3 <= 3.65 Then
Vkp3 = 1.35
Vki3 = 0.5
Vkd3 =09
Vkp4 =20
Vkid =0
Vkdd =0
Elself 3.66 <= dif3 And dif3 <=4 Then
Vkp3 =15
Vki3=0.3
vkd3=0.8
Vkpd =20
Vki4=0
Vkdi=0
Elself 4.01 <= dif3 And dif3 <=4.35 Then
Vkp3 =1.15
Vki3=0.3
Vkd3=0.8
Vkpd =20
Vki4 =0
Vkd4 =0
Elself 4.36 <= dif3 And dif3 <=4,7 Then
Vkpl = L.15
Vki3 =03
Vkd3=08
Vkp4 =20
Vki4 =0
Vkd4 =0
Elself 4.71 <= dif3 And dif3 <= 5.05 Then
Vkp3 = LIS '
Vki3'= 0.3
Vkd3 =038
Vkp4 =20
Vki4 =0
Vkd4=0
End If
Do
Ifk > 0 Then
mscmax.Inputlen =0
Sleep (1)
b = mscmax.Input
rc = Mid(b, 2, 6)
fb3 = Val(Format(rc, "0.00"))
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re2 = Mid(b, 14, 6)
fb4 = Val(Format{rc2, "0.00"))
End If
cr=¢r+
er) = Vspl - {b3
er3 = Val(FormatNumber(er3. 1))
P3=Vkp3 *erd
13=13+ VKki3 * ({Ts/2) * {er3 + er03))
D3 = Vkd3 * {{er3 - cr03) / Ts)
Vm3=P3+il+D3
I£(V'm3 > 54} Then
Vm3 = §#
Elself (Vm3 < -5#) Then
Vm3 =-54
End 1f
er03 =er3
vmi3 =255*+(vm3 - 5)
Vms3 = Format{vmi3, "000")
Sleep (1)
mscmax.Qutput = "s”
mscmax.Output = Vms3
mscmax.Qutput = "¢e"
erd = Vspd - b4
erd = Val(FormatNumber{erd, 1))
P4 =Vkpd * erd
i4 =14 + Vkid * ((Ts / 2} * (erd + er04))
D4 = Vkd4 * ((erd - er04) / Ts)
Vmd = P4 + i4 + D4
If (Vm4 > 5#) Then
Vmd = 5#
Elself (Vimd < -5#) Then
Vm4 =-54
End If
er(4 = er4
vmi4 =255 * (Vmd - 5) + 255
Vms4 = Format{vmid4, "000")
Ifer4 =0 Then
cn2=cn2 + 1
cn3 =0
Else
n2=0
cn3 =1

End If



Sleep (1)

Ifen3 > 0 Then
mscmax.Output = "s”
mscmax.Output = Vms3
mscmax.Output = "f"

End If

k=k+1

Iferd =0 And cn2 = | Then
Sleep (1)

mscmax.Output = "s1271"

End If
If'er3 =0 Then
cn=cn-l
Else
m=9
End It
Sleep (80)

Loop Untiler3 =0 Andcn>=3 Andcn2 >= |
Sleep (1)
mscmax.Output = "sk”
i3=0
i4=0
cn=0
cn2 =0
cn3 = |
k=0
Do
Ifk >0 Then
mscmax.Inputien = 0
Sleep (1)
b = mscmax.Input
rc = Mid(b, 2, 6)
fb = Val(Format(rc, "0.00"))
rc2 = Mid(b, 14, 6)
b2 = Val(Format(rc, "0.00"))
End If
cr=cr+|
er=Vsp-fb
er = Val{(FormatNumber{er, 1))
P=Vkp*er
=i+ VKi*{(Ts/2)* (er + erd))
D = Vkd * ((er - er0) / Ts)

Vm=P+i+D
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If (Vm > 5%) Then
Vm =5#
Elself (Vm < -5#) Then
Vm=-54
End If
er}=er
vmi =255*(Vm-5) + 255
Vs = Format({vmi, "000")
Sleep (1)
mscmax.Qutput = "s"
mscmax. Qutput = Vims
mscmax.Output = "a”
er2 = Vsp2 - b2
er2 = Val{FormatNumber(er2, 1))
P2 = Vkp2 * er2
2 =12+ Vki2 * ((Ts /2) * (er2 + er(2))
D2 =Vkd2 * ((er2 - er02) / Ts)
Vm2 =P2+i2 +D2
If(Vm2 > 5#) Then
vm2 = 5#
Elself (Vm2 < -5#) Then
Vm2 = -5#
End If
er(2 =er2
vmi2 =25.5* (Vm2 - 5} + 255
Vms2 = Format(vmi2, "000")
Ifer2 =0 Then
cn2=cn2 + 1
cn3 =0
Else
cn2=0
cn3 =1
End If
Sleep (1)
If cn3 > 0 Then
mscmax.Qutput = "s”
mscmax.Output = Vms2
mscmax.Output = "b"
End If
k=k+1
Ifer2 =0 And cn2 =] Then
Steep (1)

mscmax.Output = "s127b"
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End It
ifer =0 Then
cn=cn+]
Else
cn=0
End If
Sleep (80)

Loop Untiter=0Andcn >= 3 Andcn2 >= |
Steep (1)
mscmax. Qutput = "sk”
Ifer <= 33 Then
Timer].Interval = 3000 - (cr * 90}
Else
Timerl.Interval = |
End If
=0
2=0
en=0
2=0
cnd=1
k=0
Else
Do
itk>0Then
mscmax.InputLen =0
Steep (1)
b = mscmax.[nput
rc = Mid(b, 2, 6)
tb = Val(Format(rc, "0.00"))
rc2 = Mid(b, 14, 6)
fb2 = Val(Format(rc2, "0.00"))
End If
cr=cr+l
er=Vsp-tb
er = Val{FormatNumber(er, 1))
P=Vkp*er
i=i+ Vki*({(Ts/2)}* (er +erQ)
D= Vkd * {(er - er0) / Ts)
Vm=P+i+D
If (Vm > S#) Then
Vm =5#
Elself (Vm < -5#) Then
Vm =-5¢
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End If
erf)=er
vmi =255 *{(Vm - 5} + 255
Vms = Format{vmi, "000")
Sleep (1)
mscmax.Qutput = "s”
mscmax.Qutput = Vms
mscmax, Output = "a"
er2 = Vsp2 - fb2
er2 = Val(FormatNumber(er2, 1))
P2 = Vkp2 *er2
i2 =12+ Vki2 * ((Ts / 2) * {er2 + er02))
D2 = Vkd2 * ((er2 - er02) / Ts)
Vm2 =P2+i2+D2
If (Vm2 > S#) Then
Vm2 = 5#
Elself (Vm2 < -5#) Then
vm2 = -5#
End If
er02 =er2
vmi2 =255 *(Vm2 - 5) + 255
Vms2 = Farmat{vmi2, "000")
[fer2 =0 Then
cn2 =cn2 + |
cn3=0
Else
en2 =0
en3=1
End If
Sleep (1)
[fcnd > 0 Then
mscmax.Output = "s"
mscmax.Output = Vms2
mscmax, Output = “b"
End If
k=k+1
Ifer2 =0 And cn2 = | Then
Steep (1)

mscmax.Output = "s127b"

End If
Ifer=0Then
cn=cn+1l

Else
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en=0
End If
Sleep (80)
[oop Untiler =0 And cn>=3 Andcn2 >= |
Sleep (1)
mscmax.Qutput = "sk”
It cr <= 33 Then
Timerl.Interval = 3000 - (cr * 90}
Else
Timer LInterval = §
End If
i=0
i2=0
cn=0
cn2 =0

cnl=1

End if

WYUANRNUDEUADD

Elself Textl(cn8). Text ="-" And Textl(cn9).Text < "-" Then

cnll =2
Select Case Textl(cn9).Text
Case "1"
Vsp3 =02
Vspd =4
Vsp6=5.73
Case "2"
Vsp3 =0.6
Vspd =47
Vspb = 23.88
Case "3"
Vsp3 =0.98
Vspd = 4.7
Vsp6 = 42.04
Case "4"
Vsp3 = 1.43
Vspd =47
Vsp6 = 63.53
Case "5"
Vsp3 = 179
Vspd =4



Vspb =180.73
Case "6"
Vsp3 =2.09
Vspd = 3.5
Vsp6 = 95.06
Case "7"
Vsp3 =2.45
Vspd =2
Vsp6=112.72
Case "8"
Vsp3 = 2.81
Vspd =2
Vsp6 =125.4
Case "9"
Vsp3 =3.13
Vspd =2
Vsp6 = 147.12
Case "10"
Vsp3 = 3.48
Vspd =4
Vsp6 = 161.45
Case 11"
Vsp3 = 3.81
Vspd =4
Vsp6=178.1
Case "12"
Vspl =4.16
Vspd =4.5
Vspé = 193.5
Case "13"
Vspd =4.46
Vspd =4.7
Vsp6 =208.2
Case "14"
Vspd =476
Vsp4 =4.7
Vsp6 = 222.1
Case "15"
Vspl =497
Vspd =47
Vsp6=23L6
End Select
dif3 = Abs(fb3 - Vsp3)
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1t'dif3 = 0 Then
Vkp3 =0
Vki3 =0
Vkd3=0
Vkpd =20
Vkid =0
Vkd4=0
Elselt 0.16 <= dit3 And dit3 <= 0.5 Then
Vkp3 =3
Vi3 =03
Vkd3 =1
Vkp4 =20
Vkid =0
Vkdd =0
Elself 0.51 <= dit3 And dif3 <=0.85 Then
Vkpl =23
Vki3 = 1.25
Vkd3 =12
Vkp4 =20
Vkid =0
Vkd4=10
Elself 0.86 <= dif3 And dif3 <= 1.2 Then
Vkp3 =2
Vki3 =09
Vkd3=1
Vkpd =20
Vki4 =0
Vkdd =0
Elself 1.21 <=dif3 And dif3 <= 1.55 Then
Vkp3=1.75
Vki3=0.75
Vkd3 =1
Vkp4 =20
Vkid =0
Vkdé=0
Elseif 1.56 <= dif3 And dif3 <= 1.9 Then
Vkpd = 1.75
Vki3 =0.75
Vkdl =1
Vkp4 =20
Vki4 =0
Vkd4 =0
Elself 1.91 <= dif3 And dif3 <= 2.25 Then



Vkp3 =175
Vki3 =0.75
Vkd3 =1
Vkpd4 =20
Vki4 =0
Vkd4 =0
Elself 2.26 <= dif3 And dif3 <= 2.6 Then
Vkp3 = 1.65
Vki3 =0.75
Vkd3=1
Vkp4 =20
Vkid =0
Vkd4=0
Elself 2.61 <= dif3 And dif3 <= 2.95 Then
Vkpd = 1.55
Vki3 =0.65
Vkd3=0.9
Vkpd =20
Vki4=0
Vkdd =0
Elself 2,96 <= dif3 And dif3 <= 3.3 Then
Vkp3 =1.35
Vki3=0.5
Vkdi=1
Vkp4 =20
Vki4=0
Vkd4 =0
Elself 3.31 <= dif3 And dif3 <=3.65 Then
Vkp3 = 1.35
Vki3 =05
Vkd3 =09
Vkp4 =20
Vkid =0
Vkdd4=0
Elself 3.66 <= dif3 And dif3 <=4 Then = ~
Vkpl=1.15
Vki3 =03
Vkd3 =0.8
Vkpd =20
Vkid =0
Vkd4=0
Elself 4.01 <= dif3 And dif3 <= 4.35 Then
Vikp3=1.15



Vki3 = 0.3
Vkd3=08
Vkpd =20
Vki4=0
Vkdi=0
Elself $.36 <= dif3 And dif3 <= 4.7 Then
Vkp3 = 115
Vki3 =03
Vkd3 =08
Vkpd =20
Vkid=0
Vikdd=0
Elself’4.71 <= dit3 And dit3 <= 5.05 Then
Vkp3 = 1§
Vki3 =03
Vkdl=08
Vkpd =20
vkid =0
Vkd4=0

End If

chk2 = Abs(fb5 - Vspé)
If chk2 <= 10 Then
Vsp = Vsp3+ 0.68

Vsp = Vsp3 +0.68

dif = Abs(fb - Vsp)
Ifdif = 0 Then
Vkp=0
Vki=0
Vkd =0
Vkp2 =20
Vki2=0
Vkd2=0
Elself 0.16 <= dif And dif <= 0.5 Then
Vkp=13
Vki=0.8
Vkd=1
Vkp2 =20
Vki2 =0
Vkd2 =0
Elself 0.51 <= dif And dif <= 0.85 Then
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Vkp=2.7
Vki=07
Vkd=1
Vkp2 =20
Vki2 =0
Vkd2 =0
Elself 0.86 <= dif And dil <= |.2 Then
Vkp=22
Vki=0.8
Vkd=1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 1.21 <= dif And dif <= 1.55 Then
Vkp =183
Vki=0.72
Vkd =1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 1.56 <= dif And dif <= 1.9 Then
Vkp=1.7
Vki=0.68
Vkd=1
Vkp2 = 20
Vki2=0
Vkd2 =0
Elself 1.91 <= dif And dif <= 2.25 Then
Vkp = 1.45
Vki=0.5
Vkd =0.95
Vkp2 =20
Vki2=0
Vkd2 =0
Elself2.26 <=dil And dif <=2.6 Then = ~
Vkp = 1.1
Vki=03
Vkd =1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 2.61 <= dif And dif <= 2.95 Then
Vkp=1.4
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Vki=03
Vkd =1
Vkp2 =20
Vki2=0
Vkd2=0
Elself 2,96 <= dif And dif <= 3.3 Then
Vkp =1.38
Vki=0.25
Vkd=1
Vip2 =20
Vki2=0
Vkd2 =0
Elselt 3.31 <= dif And dif <= 3.65 Then
Vkp = 1.275
Vki=0.2
Vkd =1
Vkp2 =20
Vki2 =0
Vkd2=0
Elself 3.66 <= dif And dif <=4 Then
Vkp = 1.275
Vki=0.21
Vkd =1
Vkp2 = 20
Vki2 =0
Vkd2=0
Elself 4.01 <= dif And dif <=4.35 Then
Vkp =127
Vki=0.225
Vkd=1 . ) -
Vkp = 20 , : )
Vki2 =0 |
Vkd2 =0
Elself 4.36 <= dif And dif <= 4.7 Then
Vkp=1.27
Vki=0.2
Vkd =1
Vkp2 =20
Vki2 =0
Vkd2 =0
Elself 4.71 <= dif And dif <= 5.05 Then
Vkp=1.27
Vki=02
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Vkd=1
Vkp2 =20
Vki2=0
Vkd2=0
End if
Do
itk >0 Then

mscmax.Inputlen =0
Sleep (1)
b = mscmax.Input
r¢ = Mid(b, 2, 6)
fb = Val(Format(rc, "0.00"))
1c2 = Mid(b, 14, 6)
fb2 = Val(Format(rc2, "0.00"))
End If
cr=cr+1
er=Vsp-fb
er = Val(FormatNumber{er, 1))
P=Vkp*er
i=i+Vki*({(Ts/2)* (er+er0))
D=Vkd* ({er-er0)/Ts)
Vm=P+i+D
If(Vm > 5#) Then
Vm = 5#
Elself {Vm < -5#) Then
Vm=-5#
End If
er0=er
vi=255*{Vm - 5) + 255
Vms = Format{vmi, "000")
Sleep (1) ‘
mscmax.dutput ="s"
mscmax.Output = Vms
mscmax.Output ="a"
er2 = Vsp2 - fb2
er2 = Val(FormatNumber(er2, 1})
P2 =Vkp2 *er2
i2=1i2+ Vki2 * ((Ts/2) * (er2 + er02))
D2 = Vkd2 * ((er2 - er02) / Ts)
vm2=P2+2+D2
If(Vm2 > 5#) Then
vm2 = 5#
Elself (Vm2 < -5#) Then
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Vm2 =-5#
End If
er02 = er
vmi2 =235 F(Vm2 - 5) + 255

Vms2 = Format(vmi2, “000™)

Ifer2 =0 Then
cn2=cn2 +1
cn3=0

Else
en2=0
cnd =1

End If

Sleep (1)

If en3 > 0 Then
mscmax.Output = "'s”
mscmax.Qutput = Vms2Z  ~
mscmax.Output = "b"

End If

k=k+1

Ifer2 =0 And cn2 = | Then
Sleep (1)

mscmax.Qutput = "s127b"

End If
[fer =0 Then
cn=cn+1
Else
cn=0
End If
Sleep (80) i

Loop Untiler =0 Andcn >=3 And cn2 >= 1 . )
Sleep (1) N
mscmax.Qutput = "sk”
i=0
i2=0
cn=0
cn2=0¢
cn3 =1
k=0

Do

Ik >0 Then

mscmax.InputLen =0

Sleep (1)
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b = mscmax.Input
rc = Mid(b, 2, 6)
b3 = Val(Format(rc, "0.00™))
rc2 = Mid(b, 14, 6)
fb4 = Val{Format(rc2, "0.00"))
End [f
cr=cr+1
erd = Vspl - b3
erd = Val(FormatNumber{er3, 1))
P3=Vkp3 *er3
13=93+ Vkid *((Ts/2) * {erd + er03)
D3 = Vkd3 * ((er3 - er03) / Ts)
Vm3=P3+i{3+D3
If {Vm3 > 5#) Then
Vm3 = 5#
Elself (Vm3 < -5#) Then
Vm3 =-5#
End if

erQ3 =er3

vmil =25.5*-(Vm3 - 5)
Vms3 = Format(vmi3, "000")
Sleep (1)
mscmax.Output = "s"
mscmax. Output = Vms3
mscmax.Output = "e"
er4d = Vsp4 - fb4
er4 = Val(FormatNumber{(er4, 1})
P4 = Vkp4 * er4

1

i4 =4+ VKid * ((Ts / 2) * (erd + er04))

D4 = Vkdd * ((exd - ec04) / Ts)

Vmd =P4 +id4 + D4
If (Vm4 > 5#) Then
Vmd = 5#
Elself (Vm4 < -5#) Then
Vmd = -5#
End If
er04 = er4

vmi4 = 25.5* (Vm4 - 5) + 255

Vms4 = Format(vmid4, "000")

If er4 = 0 Then
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cn?=cn2 +1
m3=0
Else
cn2 =0
3 =1
End If
Sleep (1)

If en3 > 0 Then
mscmax.Qutput = "s"
mscmax.Gutput = Vms4
mscmax.Qutput = "f"

End If

k=k+1

Iferd =0 And cn2 = | Then
Sleep (1)
mscmax.Output = "s127f"

End If )

Ifer3 =0 Then
cn=cn+1

Else
cn=0

End If

Sleep (80)

Loop Untiler3 =0 And cn >= 3 And cn2 >= |
Sleep (1)
mscmax.Cutput = “sk”

If er <= 33 Then
Timer!.Interval = 3000 - (cr * 90)
Else
Timer].Interval = | -
- End If ’ -
3=0
i4=0
cn=0
en2=0
end =1
k=0
Else
Do

Ifk >0 Then

mscmax.Inputlen =0

Sleep (1)

b = mscmax.Input
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rc = Mid(b, 2, 6)
1b3 = Val(Format(rc, "0.00"))
rc2 = Mid(b, 14, 6)
fb4 = Val(Format(rc2, "0.00"))
End If
cr=cr+}
er3 = Vsp3 - th3
er3 = Val(FormatNumber{er3, 1)
P3=Vkp3 *erl
3=103+ Vkid *((Ts/ 2} * (erd +er03D
D3 = Vkd3 * ((er3 - er03) / Ts)
Vmi=P3+i3+D3
If (Vm3 > 5#) Then
vm3 =54
Elself (Vm3 < -5#) Then
Vm3 =-5#
End If
erd3 = er3
vmid =255 * «(Vm3 - 5)
Vms3 = Format(vmi3, "000")
Sleep (1)
mscmax.Output = "s"
mscmax.Output = Vms3
mscmax.Output = "e"
erd = Vspd - fb4
erd = Val(FormatNumber(erd, 1))

P4 = Vkp4 * er4
4 =14+ Vkid * ((Ts / 2} * (erd + er04))
D4 = Vkd4 * (ferd - e04) I Ts)
Vmd=Pa+id+D4
If (Vm4 > 5#) Then
Vm4 = 5#
Elself (Vm4 < -5#) Then
Vm4 =-5#
End If
er(4 = erd

vmid =255*(Vm4 - 5} + 255

Vms4 = Format(vmi4, "000")

If erd =0 Then
cn2 =cn2 + |



cn3=0
Else
n2={_
en3 =1
End If
Sleep (1)
tt'end > 0 Then
mscmax.Output = "s"
mscmax.Output = Vms4
mscmax.Output = "t"
End If
k=k+1
1ferd =0 And cn2 = | Then
Sleep (1)
mscmax.Output = “s127f"
End If
[fer3 =0 Then
cn=cn+1
Else
cn=0
End If
Sleep (80)
Loop Until er3 =0 And cn >= 3 And cn2 >= |
Sleep (1)
mscmax. Qutput = "sk”
If cr <= 33 Then
Timerl.Interval = 3000 - {cr * 90)
Else
.Timer].Interval = |
End If
i3=0
i4=0
cn=0
cn2=0
end=1

k=0

End If

»
A1 2 uvu
Elself Textl{cn8).Text = "-" And Text1{cn9).Text = "-" Then
enll =0

.
Else "1 1M1 2 1yu
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cnll =3

Select Case Textlen8). Text
Case "2"
Vsp=10.2
Vsp2 =4.7
Vsps=2299
Case "3"
Vsp = 0.68
Vspl =4.7
VspS =43.58
Case "4"
Vsp=1.1!
Vsp2 =4.7
VspS =62.03
Case "5"
Vsp=1.53
Vspl = 4.2
VspS = 80.04
Case "6"
Vsp=1.9
Vsp2=3
VspS =95.91
Case "7"
Vsp =231
Vsp2 =3
Vspi=113
Case "8"
Vsp = 2.64
Vsp2 =2.5
Vsps = 129.5
Case "9"
Vsp=3.02
Vsp2 =25
Vsp5 =147.12
Case "10"
Vsp=3.28
Vsp2 =43
VspS =161.6
Case "11"
Vsp=3.7
Vsp2 =43
Vsps = 180.4



Case "12"
Vsp =4.02
Vsp2 =4.7
Vsp5 = 194.5
Case "13"
Vsp=4.3
Vsp2 =4.7
VspS = 209.2
Case "14"
Vsp = 4.65
Vsp2 = 4.7
Vsps =224.7
Case "15"
Vsp = 4.85
Vsp2 =4.7
VspS = 234.9
Case "16"
Vsp=4.99
Vsp2 = 3.6
Vsp5 =238
End Select

dif = Abs(fb - Vsp)

If dif = 0 Then

Vkp=0

Vki=0
Vkd=0
Vkp2 =20
Vki2 =0
Vkd2 =0

Elself 0.16 <= dif And dif <= 0.5 Then
Vkp=3
Vki=08
Vkd = |
Vkp2 =20
Vki2=0
Vkd2=0

Elself 0.51 <= dif And dif <= .85 Then
Vkp=2.7
Vki=0.7
Vkd=1
Vkp2 =20
Vki2 =0
Vkd2 =0
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Elself 0.86 <= dif And dif <= 1.2 Then

Vkp =22
Vki=0.8
Vkd = |
Vkp2 =20
Vki2=0
Vkd2 =0

Elselt 1.21 <= dif And dit <= 1.55 Then

Vkp = L83
Vki=0.72
Vkd = |
Vkp2 = 20
Vki2 =0
Vkd2 =0

Elself 1.56 <= dif And dif <= 1.9 Then

Vkp= 1.7

Vki = 0.68 )
Vkd = {

VkpZ = 20

Vki2 =0

Vkd2 =0

Elself 1.91 <= dif And dif <=2.25 Then

Vkp =145
Vki=0.5
Ykd =0.95
Vkp2 =20
Vki2=0
Vkd2 =0

Elself 2.26 <= dif And dif <= 2.6 Then
Vkp = 1.1
‘Vki =03
Vkd = |
Vkp2 =20
Vki2 =0
Vkd2=0

Elself 2.61 <= dif And dif <= 2.95 Then

Vkp=14
Vki=0.3
Vkd=1
Vkp2 =20
Vki2=0
Vkd2 =0

Elself 2.96 <= dif And dif <= 3.3 Then
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Vkp=1.38
Vki=025
Vkd=1
Vkp2 =20
Vki2 =0
Vkd2 =0
Elself 3.31 <= dif And dif <= 3.65 Then
Vkp = 1.275
Vki=0.2
Vkd =1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 3.66 <= dif And dif <= 4 Then
Vkp=1.275
Vki=0.21
Vkd = |
Vkp2 =20
Vki2=0
Vkd2=0
Elself 4.01 <= dif And dif <= 4.35 Then
Vkp=1.27
Vki=0.225
Vkd=1
Vkp2 =20
Vki2=0
Vkd2 =0
Elself 4.36 <= dif And dif <= 4.7 Then
Vkp=1.27
Vki=02
Vkd =1
Vkp2 =20
Vki2=0
Vkd2 = 0
Elself 4.71 <= dif And dif <= 5.05 Then
Vkp=1.27
Vki=0.2
Vkd =1
Vkp2 =20
Vki2=0
Vkd2=0
End If



Select Case Texti(cn?).Text
Case "1”
Vsp3=0.2
Vspd =4
Vsp6 =5.73
Case "2"
Vsp3 = 0.6
Vspd =4.7
Vspb = 23.88
Case "3"
Vsp3 =098
Vspd =4.7
Vspb = 42.04
Case "4"
Vspl = 1.43
Vspd =4.7
Vsp6 = 63.53
Case "5"
Vspd = 1.79
Vsp4 = 4
Vsp6 =80.73
Case "6"
Vsp3 =2.09
Vepd =3.5
Vspb = 95.06
Case "7"
Vsp3 =2.45
Vspd =2
Vspb=112.72
Case "8"
Vsp3 =281
Vspd =2
Vsp6 = 129.4
Case "9"
Vsp3 =3.13
Vspad=2
Vsp6 =147.12
Case "10"
Vsp3 =3.48
Vspd=4
Vspb = 161,45
Case "11"

Vsp3 =381
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Vspd =4

Vsp6=178.1
Case "12"

Vsp3 =4.16

Vspd =4.3

Vsp6 = 193.5
Case "13"

Vsp3 =4.46

Vspd = 4.7

Vspb=208.2
Case "14"

Vsp3 =4.76

Vspd =4.7

Vspb=222.1
Case "15"

Vsp3 =4.97

Vsp4 =4.7

Vspb=231.6
End Select

dif3 = Abs(fb3 - Vsp3)

If dif3 = 0 Then

Vkp3=0
Vkil=0
Vkd3 =0
Vkp4 = 20
Vkid =0
Vkdd4=0
Elself 0.16 <=dif3 And dif3 <= 0.5 Then
Vkp3 =3
Vki3=0.8
Vkd3=1
Vkp4 =20
Vkid =0
Vkd4 =0

Elseif 0.51 <= dif3 And dif3 <= 0.85 Then

Vkpd=23
Vki3 =125
Vkd3 = 1.2
Vkp4 = 20
Vkid =0
Vkd4=0

Elself 0.86 <= dif3 And dif3 <= 1.2 Then

Vkpd =2
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Vki3 =09
Vkd3 =1
Vipd =20
Vkid=0
Vkd4=0
Etself 1.21 <= dif3 And dit3 <= 1,55 Then
Vkpd =175 .
Vki3 =0.75
Vkd3 =1
Vikpd =20
Vkid =0
Vkd4 =0
Elself 1.56 <= dif3 And dit3 <= 1.9 Then
Vkp3 = 1.75
Vki3 =075
Vkdi=1
Vipd =20
Vki+=0
Vkdi=0
Elself 1.91 <= dif3 And dif3 <= 2.25 Then
Vkp3 = 1.75
Vki3=0.75
Vkdl =1
Vkpt=120
Vki4=0
Vkdd =0
Elself 2.26 <= dif3 And dif3 <=2.6 Then
Vkpd = 1.65
Vki3=0.75
Vkdl=1
Vkp4 =20
Vkid=0
Vkd4=0
Elself 2.61 <= dif3 And dif3 <=2.95 Then
Vkp3 =1.55
Vki3 =0.65
Vkd3 =09
Vkpd =20
Vki4 =0
Vkdd4 =0
Elself 2,96 <= dif3 And dif3 <= 3.3 Then
Vkp3 =1.35
Vki3 =05



Vkp4 =20

Vkd3 =1
Vkp4 =20
Vki4 =0
Vkd4 =0

Elself 3.31 <=dif3 And dif3 <= 3.65 Then

Vkp3 = 1.35
Vki3 = 0.5
Vkd3 =09
Vkpd =20
Vki4 =0
Vkd4 =0

Elself 3.66 <= dif3 And dif3 <=4 Then

Vkp3 = 115
Vki3 =03
Vkd3 =038
Vkpé = 20
Vkid=0
Vkd4 =0

Elself 4.01 <= dif3 And dif3 <= 4.35 Then

Vkp3 = 1.15
Vki3 =03
Vkd3 =0.8
Vkpé =20
Vkid =0
Vkd4 = 0

Elself 4.36 <= dif3 And dif3 <= 4.7 Then

Vkp3 =1.15
Vki3 =0.3

Vkd3 =08

Vki4 =0
Vkd4=0

Elself 4.71 <= dif3 And dif3 <= 5.05 Then

Vkp3=1.15
Vki3 =0.3
Vkd3 =038
Vkp4 =20
Vkid =0
Vkd4=0

End If

Do

cr=cr+1l

er=Vsp-fb
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er = Val(FormatNumber(er, 1))

P=Vkp*er

=i+ Vki*({(Ts3/2)* (er +er0))

D =Vkd * ((er - er) / 1s3)
Vm=P+i+D
[t (Vm > 5%#) Then
Vm=5#
Elself (Vm < -5#) Then
Vi = -5#
End If
erQ) = er
vo =255 * (Vm - 5) + 255
Vms = Format(vmi, "000")
er = Vspl - b2
er2 = Val{FormatNumber(er2, 1))

P2 =Vkp2 * er2

12=12+ Vki2 * ((Ts3/2) * (er2 + erQ2))

D2 = Vkd2 * ((er2 - er02) / Ts3)
Vm2 =P2+i2+ D2
H{Vm2 > 5#) Then
Vm2 = 58
Elself (Vm2 < -5#) Then
Vm2 =-5#
End [f
erQ2 =er2
vmi2 = 25.5 * (Vm2 - 5) + 255
Vms2 = Format(vmi2, "000"}
If er2 =0 Then
cn2=cn2 + 1
cn3 =0
Else
cm2=0
cn3 =1
End If
Sleep (60)
If k > 0 Then
mscmax.InputLen = 0
Sleep (1)
b = mscmax.Input
rc = Mid(b, 2, 6)
b3 = Val(Format(rc, "0.00"})
rc2 = Mid(b, 14, 6)
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fb4 = Val(Format(rc2, "0.00"})
End if
Sleep (1}
mscmax.Qutput ="s"
mscmax.Output = Vms
mscmax.Output = "a"
If cn3 > 0 Then
mscmax, Output = "s”
mscmax.Output = Vms2
mscmax.Output = "b”
End If
Ifer2 =0 And cn2 =1 Then
Sleep (1)
mscmax.Cutput = "s127b"
End (f
[fer =0 Then
cn=cn+l
Else
cn=0
End If
er3 = Vsp3 - b3
er3 = Val(FormatNumber{er3, 1))
P3I=Vkp3 *erd
i3 =13+ Vki3 *((Ts3/2) * (er3 + er03))
D3 = Vkd3 * ((er3 - er03) / Ts3)
Vm3 =P3 +i3+D3
If (Vm3 > 5#) Then
Vm3 = 5#
Elself {(Vm3 < -5#) Then
Vm3 =-5# -
End If .
erQ3 = er3
vmil =255 * {Vm3 - 5}
Vms3 = Format(vmi3, "000")
erd = Vsp4 - fbd
erd = Val(FormatNumber{er4, 1))
P4 =Vkpd * erd
i4 =14+ Vki4 * ((Ts3 7 2) * (erd + er04))
D4 = Vkd4 * ((erd - er}4) / Ts3)
Vmd =Pd +id + D4
If (Vm4 > 5#) Then
Vmd = 5#
Elself (Vm4 < -5#) Then

129



Vm4 =-5#
End If
erQ4 = erd
vmid =255 * (Vmd - 5) + 2535

Vmsd = Format{vmid4, "000")

If'er4 = 0 Then
cnS=cndS+ 1
cng =0

Else
cns =0
cn6 = 1

End [f

Sleep (60)

If'k >0 Then

mscmax.Inputlen =0

Sleep (1)

b = mscmax.Input

rc = Mid(b, 2, 6)

b = Val(Format{rc, 0.00")}

rc2 = Mid(b, 14, 6}

th2 = Val(Format(rc2, "0.00")}

End If

Sieep (1)
mscmax.Output = "s"
mscmax.Output = Vms3
mscmax. Output = "e”

Ifcné > 0 Then
mscmax.Qutput = “s”
mscmax.Cutput = Vms4
mscmax.Qutput = " ("

End If

k=k+1

Ifer4 =0 And cn3 = ] Then
Sleep (1)
mscmax.Qutput = "s127("

End If

[fer3 = 0 Then
cnd =cnd + |

Else
cnd =0

End If

Loop Until er =0 And cn >= 3 And cn2 >= | And er3 =0 And cn4 >=3 And cn5 >= |

Sleep (1)
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mscmax.Output = "sk”
k=0
i=0
i2=0
i3=0
4=0
en=0
cn2=0
cnl =1
cn4 =0
cn5=0
cnb =1
If cr <= 19 Then
Timerl.Interval = 3000 - (cr * 155)
Else
Timerl.interval = |
End If
End If
cn7=¢n7 + 1
Text2.Text = Timerl.Interval
Text3.Text = cr
cn8 =cn§ + 1

cn9=cn®+1

If0.104 <= fb And fb <= 1.954 Then
fbl =fb + 0.44

b5 = (fbl - 0.104) / 0.0233125
Elself 1.955 <= fb And fb <= 3.648 Then
fol =fb+0.2

b5 = (fb1 - 0.25)/0.019988
Elseif 3.649 <= fb And fb <= 5.4 Then
fbl =fb+0.25

b5 = (fbl +0.12)/ 0.02256
End If

fb6 = (fb3 - 0.1) / 0.0209348
b5 = Val(FormatNumber((t5, 2))
b6 = Val(FormatNumber(fb6, 2))
Textd. Text = b
Text5.Text = (b3
Text6.Text = b5
Text7.Text = fbo
If cn? = 9 Or Text1l(cn8).Text = "e" Or Text1(cn9).Text = "e" Or Textl{cn8).Text = "" Or Textl{cn9).Text = "" Then

mscmax.Qutput = "sk"
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Timer!.Enabled = False

Sleep (Timer! . Interval)

Timer2.Enabled = True
End If

End Sub

Private Sub Timer2_Timer()

Ifentl =1 Then
Sleep (1)
mscmax. Qutput = "sj"

Elself enll =2 Then

Sleep (1)

mscmax.Qutput = "sl”

Elsetf enll =3 Then

Skeep (1)

mscmax.Qutput = "sjl"

End If

Timer2.Enabled = False

mscmax. PortOpen = False

MsgBox "Your work has already done”

End Sub
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#include <16F877.h>

#Hfuses XT

#fuses NOPROTECT

#fuses NOLVP,NOWDT

#device ADC=10

#use delay(clock=4000000}

#use rs232(baud=19200,parity=N,xmit=PIN_C6,rcv=PIN_C7)
#use fast_io(A)

#define Vbe 0.004887585532746823069403714560049
#include <stdlib.h>

int i,

int8 z;

int Vm[5];



float w;

intl6 value;

float volt;

float y;

int x;

HINT_RDA

RDA_isr() {
Vm{il=getc();
i (vml[i} ="s")

i=0;}

else if (Vm[i] == "a’)

{ =1;

Vmli] = 0:}

else if (Vm{i] = 'b)

{ =2;

vmli] =0;}

else if (Vm[i] ="¢'

=03}

else if (Vm[i] ="f){

i=0;}

else if (Vm[i] == "j'){

z=5;}

else if (Vm[i] == "T'){

i=0;}

else if (Vm[i]l == k)

{ =T}
else {i++;}
}

void main{void) {

setup_port_a(ALL_ANALOG); )
setup_adc{ADC_CLOCK_INTERNAL)
enable_interrupts{INT_RDA);

enable_interrupts{global);

i=0;
output_low(PIN_C1};
output_High(PIN_DO);
output_High(PIN_D1};
output_High(PIN_D2};
output_High{PIN_D3);
output_High(PIN_D4);
output_High(PIN_DS5);
output_High(PIN_D6},
output_low(PIN_D7);
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output_High(PIN_BOY;
output_High(PIN_B1):
output_High{PIN_B2);
output_High{PIN_B3);
output_High(£IN_B4);
output_High{PIN_B3).
output_High(PIN_B6);
output_low(PIN_B7);
do |
if{z == 1)}
x = atoitVm);
z=0;
output_bi(x);
set_adc_channel(0),
delay_us(10);

vatue = Read_ADC();

volt = Vbe * (float) value;

putc('s’);
printf{"\n\r%l",volt);
putc('t’);
set_adc_channel(1);
delay us(10);

value = Read_ADC();

volt = Vbe * (float) value;

pute('s");
printf{™n\r%f",volt);
putc('x’);
else if (z==2){
x = atoi{ Vm),
z=0;
output_d(x); }
else if (z == S}{
output_high(PIN_Ct);
delay_ms(50);
output_jow{PIN_C1);
z=0; |
else if (z = 7){
output_b(127);
delay_us(10);
output_d(127);
z=0;
tH
while (1); }
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o7 TIP31A/31C
Y/ TIP32A/32B/32C
COMPLEMENTARY SILICON POWER

TRANSISTORS

APPLICATION
a LINEARAND SWITCHING INDUSTRIAL

EQUIPMENT

DESCRIPTION
The TIP31A  and TIP31C  are  silicon
Epitaxial-Base NPN transistors mounted in
Jedec TO-220 plastic package. They are intented
for use in medium power linear and switching
applications.

The complementary PNP types are TiP32A and
TIP32C respectively.

Also TIP32B is a PNP lype.

TO-220

INTERNAL SCHEMATIC DIAGRAM

Co(2) Co(2)
\
B(1) ] (1
€o(3) Eo(3)
STUEID sCTysi
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
NPN TIP31A TiIP31C
PNP TIP32A TiP3a2B TIP32C
Veeo |Collector-Base Voltage (le = §) 60 80 100 v .
Vceo  |Collector-Emitter Voltage (lg = 0) - 60 80 100 v
VEBO Emitter-Base Voltage {Ic =.0) 5 v
le Collector Current 3 A
lcm Collector Peak Current 5 A
I Base Current 1 A
Pwt  |Total Dissipation at Tease < 25 °C 40 w
Tamp < 26 °C 2 w
Tstg Storage Temperaiure -65 to 150 °c
T; Max. Operating Junction Temperature 150 °C
For PNP types voliage and cument values are negative

710 a.1 nswFmans TIP31C uae TIP32C
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HOTOHOLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 2N30S5A/D
NPN

Complementary Silicon
High-Power Transistors

... PowerBase complementary transistors designed for high power audio. stepping
motor and other linear applications These devices can also be used in power
switching circuits such as relay or solenoid drivers. de-to—de converters inverters. or
for inductive loads requiring higher safe operating area than the 2N3955 and hMJ2955.
+ Current-Gamm — Bandwidth—Product & I = 1.0 Ade

fT = 0.8 MHz (Miny — NPN

= 2.2 MHz {Minj - PNP

« Safe Operating Area — Rated to 6C V and 120 V. Respactively

‘MAXIMUM RATINGS
2N3055A | MJ15015
Rating Symbol MJ2955A | MHS5016 Unit
Collector—E mitter Voltage VCEQ 50 124 Vde
Collactor—Base Voltage Yeso 100 200 Yde
Collector—Emitter Voltage Base VCEV 104 23 Ve
Reversed Biased
Emitier—Base Voltage VEBD 70 vde
Collactor Currant — Continuous I 15 Ade
Basa Cument B 7.0 Adc
Totat Device Dissipation @ T = 25°C D ns 180 Watts
Derate above 25°C 065 1.03 WeC
Operating and Storage Junction T4 Tstg —B5 to + 2050 *C
Temporature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Max Unit
Tharmal Resistance, Junction to Case Ry 182 0ge O

* Indicates JEDEC Registered Data. {ZN3052A;

2N3055A
MJ15015*
MJ2955A

MJ15016*

Motoroly Prefermed Dovice

15 AMPERE
COMPLEMENTARY
SILICON
POWER TRANSISTORS
60, 120 VOLTS
115, 180 WATTS

CASE 1-07
TO-204AA
To-3)

Pa g

N

=]
-
a2 .
= MI15015
g M55
5 10
151} \
2 ~
w 2N3554
3; % KJ2955A
?x P
£ S

0

o 25 LS} % 100 125 150 178
Te. CASE TEMPERATURE 1 Ci

Figure 1. Power Derating

37 a2 niuFanes MI1S015 uaz MI1S016
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Philips Semiconductors Product specification
N-channe!l TrenchMOS™ transistor IRF540, IRF540S
FEATURES SYMBOL QUICK REFERENCE DATA

« 'Trench’ technology d

> Low on-stale resistance Voss =100V

+ Fast switching

- Low thermal resistance b=23A

GENERAL DESCRIPTION

N-channel enhancement mode field-effect power {ransistor in a plastic envelope using ‘trench’ technology.

Applications:-

«d.c. 1o d.c. converlers

« switched mode power supplies

+ T.V.and computer monitar power supplies

The IRF540 is supplied in the SOT78 (TO220AB) canventional leaded package.
The IRF5408S 1s supplied in the $SOT404 (D’PAK) surface mounting package.

PINNING SOT78 (TO220AB) SOT404 (D'PAK)

PIN DESCRIPTION 1ab
ubg O %
1 gate
2 drain’
3 souice
2
tab |drain Lsy 13

LIMITING VALUES - ’ .
Limiting values in accordance with the Absolute Maximum System (IEC 134} ’

SYMBOL [PARAMETER CONDITIONS MiN. MAX. UNIT
Voss Drain-source voltage T, =25 Cto175°C - 100 \
Viosr Drain-gate voltage Ti=25 Ct0175°C; Ry = 20 k2 - 100 V.,
Vs Gate-source voltage - 1 20 \Y
lo Continuous drain currant T = 25 CiVgg=10V - 23 A

Toe =100 C; Vg =10V - 16 A
Tow Pulsed drain current T =25 C - 92 A
Po Total powar dissipation T, =25 C - 100 w
T Ty Operating junction and -55 175 C

storage temperature

3101 .3 N UFanT IRF540
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FAIRCHILD

SEMICONDUCTOR® www.tairchildsemi.com

LM741

Single Operational Amplifier

Features

+ Short cireuit protection

« Lxcellent emperature stability

« Internal trequency compensation
« High Input voltage range

« Null of offset

Internal Block Diagram

OFFSET o
NULL NC
CIN(-) ‘ o Vee
IN (+} o OUTPUT
OFFSET
Vee o NULL

UM a4 Tod LM741
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1573

LM117/217
LM317

1.2V TO 37V VOLTAGE REGULATOR

QUTPUT VOLTAGE RANGE : 1.2 TO 37V
OUTPUT CURRENT IN EXCESS OF 1.5A
0.1% LINE AND LOAD REGULATION
FLOATING OPERATION FOR HIGH
VOLTAGES

a COMPLETE SERIES OF PROTECTIONS -
CURRENT LIMITING. THERMAL
SHUTDOWN AND SOA CONTROL

DESCRIPTION

The LMNM7/LM217/LM317 are monolithic
integrated circuit in TO-220, ISOWATT220, TO-3
and D’PAK packages intended for use as
positive adjustable voitage regulators.

They are designed to supply more than 1.5A of
load current with an output voltage adjustable
overa 1.21o0 37Vrange.

The nominal cutput voltage is selected by means
of only a resistive divider. making the device
exceptionally easy to use and eliminating the
slocking of many fixed regulators.

ABSOLUTE MAXIMUM RATING

D?PAK

@

ISOWATT220

&

TO0-220

Symbol Parameter

Value Unit

Vi.o [Input-output Differential Voltage

40 A

I Qutput Current

Intenrally Limited

Top | Operating Junction Temperature for: LM117
: LM217”
LM317

55 to 150 1 °c
.25 to 150 °C
0to 125 °c

Pyt |Power Dissipation

Internally Limited

T.; [Storage Temperature

- 6510 150 °c

THERMAL DATA

Symbol Parameter

TO-3 TO-220 |ISOWATT220] D?PAK | Unit

Rinj-case [ Thermal Resistance Junction-case Max
Rihj-amb | Thermal Resistance Junction-ambient Max

°Crw
°CIw

4 3 4 3
35 50 60 62.5

i .5 Tod LM317
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‘y_l SGS-THOMSON

MICROELECTRONICS

LM137/LM237
LM337

THREE-TERMINAL ADJUSTABLE
NEGATIVE VOLTAGE REGULATORS

« QUTPUT VOLTAGE ADJUSTABLE DOWN TO

Vret

15A GUARANTEED QUTPUT CURRENT

0.3%V TYPICAL LOAD REGULATION

0.01%V TYPICAL LINE REGULATION

CURRENT LIMIT CONSTANT WITH TERA-

PERATURE

RIPPLE REJECTION : 77dB

=« STANDARD 3-LEAD TRANSISTOR PACK-
AGES

s EXCELLENT THERMAL REGULATION:
0.002%N

« 50ppm{ C TEMPERATURE COEFFICIENT

DESCRIPTION

The LM137 series are adjustable 3temminal nega-
tive voltage regulaters capable of supplying in ex-
cess- 1L.5Aovera-1.210-37V output vottage ranga.
They are exceptionaly easy to use and require only
two external resistors to set the output voltage. Fur-
ther. both line and load reguiation are better than
standard fixed regulatars. Also, LM137 regulatars
are supplied in standard transistor packages which
are easily mounted and bhandkd. In additon to
higher performance than fixed regulators, the
LhM137 series offer full overlcad protection avaikble
only in integrated circuits. Induded on the chip are
current limit, thermal overload protecion and safe
area protection. All overload protection circuitry re-

mains fully functional even ifthe adjustment terminal T0-39
is disconnected.
PIN CONNECTIONS
T0-3 T0-39 10-220
(bottom view) {botiom view; (front view)
A .
1o o
1 - Adj
O O 2 - Qutput
20 3 - input
pCI1220
1 - Output 1. Ad 132
2 - Adj 2 - Output
Case is input 3 - input Heatsink surface conneded to input

31 n.6 lod LM337
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NNational Semiconducior

LM78XX
Series Voltage Regulators

Features

® Qutput current i excess of 1A

® ntemal thermal overload protection

8 No extzrnal comiponents required

® Qutput transister safe area protection

® Intemal short circuit current limit

B Available in the aluminum TC-3 package

Connection Diagrams

Metal Can Package
T0-3 (K}
Aluminum

Uyt -GN

KPLT—
DSoGrrd6-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KCOZA

May 2000
Voltage Range
LIT7804C SV
LK7312C 12
LK7815C 15V
Plastic Package
T0-220 {T)
] — ovitut
CND O [101]
ey
050077463
Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
Ses NS Package Number TO3B

51U .7 Tod LM78XX
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&National Semiconductor

LM79XX Series

3-Terminal Negative Regulators

General Description

The LM79XX series of 3terminal requlators is available with
fixed oulput voltages of -5V, 12V, and -15V. These devices
need only one external component-—a compensation ca-
pacitor at the output. The LM79XX saries is packaged in the
TO-220 power package and is capable of supplying 1.5A of
oulput current.

These regulators employ internal current {fimiting safe area
protection and thermal shutdown for protection against vir-
tually all overload condtions

Low ground pin current of the LM79XX series altows output
vcltage o be easily boosted above the preset value with a

September 2001

resistor divider. The fow quiescent current drain of these
devices with a specified maximum change with ine and load
ensures good requiation in the voltage boosted mode.

For applications requiring other voltages. see LM137
datasheet.

Features

& Thermal, short circuit and safe area protection
m High ripple rejection

® 1.5A output current

| 4% tolerance on preset output voltage

Connection Diagrams

- T0-220 Package

INPUT
[ ouTPUT
O | NPUT
o] > ———> GROUND
5007140 4
Front View

Order Number LMT905CT, LMT912CT or LM7915CT
See¢ NS Package Number TO3B

Typical Applications

Fixed Regulator

—]:- (244

1.f

Neut QUTPUT

DS00T340 3

“Required if regulator is separated from filter capacitor by
more than 3" For value given, capacitor must be sold
tantalum. 25uF aluminum electrolytic may be substituted.
‘Required for stabifty. For value given, capacilor must be
solid tantalum. 25uF aluminum electrolytic may be substi-
tuted. Values given may be increased without limit,

For output capadtance in excess of 100uF. a high current
dicde from input to output {1N4001. elc.) will protect the
regulator from momenlary input shorts.

31 a8 lod LM79xX
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MicCROCHIP P|C1 6F87X

28/40-pin 8-Bit CMOS EEPROM/Flash Microcontrollers

Peripheral Features: Pin Diagram

« TimerG: 8-bit imercounter with 8-bit prescaler
+ Tirneri: 16-bit Umericounter with prescater, PDIP
can be'incremented during steep via extarnal TRV THY — (1 U ow H <+ Re7PGD
crystaticlock RAVANG w—s []2 W[ - RBEPGC
- Timer2: 8-bit timericounter with 8-bit period RATANT =—w [ 3 38 [] +— RB5
reqister, prescaler and postscaler R"z‘f”;‘f’”f- -— ,: 37 [] -—= RE4
+ Two Capture. Compare, PWM madules WELT?C'H ::: E . ;i % : sgjmu
-« Caplure is 16-hit, max. resolution is 12.5 ns. RASANASS =—= [0 7 - ¥ []=— RB1
Compare is 16-bit. max. resolution is 200 ns, REQRTUAN: +—+ [ 8 5 ® [ «—= RBLNT
PWHM max. resolution is 10-bit RELTRANS +—e Lo L  R2fle— W0
* ) ) o RE2TSANT «— [] 10 o 3 [] = V5§
+ 10-bit multi-channel Analog-to-Digital converter Voo — 11 @3 30[]+—+ ROZPSPT
* Synchronoug Sgria! Port {SSP) with SPI” iMaster OSU_CL‘;T: _— E 3 . ; ;3 ::]] -— 3.32@
. Mo.de,iand I°C  {Master/Slave) ‘ OSCrCLNOUT =[] 14 @ 27 e ROPSPA
+ Universal Synchronous Asynchronous Receiver RCOTIOSOTICK <= [J15 ™ 2611 «—e RCTRXDT
Transmitter (USART/SCI) with 8-bit address RCATIQSICCP? w—w [ 16 25 [} =—w RCHTXCK
detection RC2CCP1 w—= [ 17 24| «—= RCHSDO
« Parallel Stave Port (PSP) 8-bits wide, with e ::E :g 2 g DD
external RD. WR and CS controls (40/44-pin only} RD1PSP1 = [ 20 21 [] w—e ROZPSP2
+ Brown-out detection circuitry for '
Brown-out Reset (BOR)

s a9 loF 16F877
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. . . February 1995
&Nanonal Semiconductor
DAC0830/DAC0831/DAC0832 8-Bit uP
Compatible, Double-Buffered D to A Converters
Features Key Specifications
& Double-buffered, single-bulfered or flow-through digital m Current setiling ime tus

data inputs ® Resolution 8 bits
& Fasy interchange and pin-compatible with 12-bit m Linearity 8. 9, or 10 bits
DAC1230 series (gua—anteed over ten-p)
m Direct interface lo all popular mictoprocessors m Gain Tempco 0.0002% F5/°C
® Linearity specified with zero and full scale adjust only— m Low power dissipation 20 mwW
- NOT BEST STRAIGHT LINE FIT. B Sindle power suopl 51015 V
B Works with 10V reference-full 4-quadrant NG power sely be
multiplication
s (an be used in the voltage switching mode

m Logic inpuls which meet TTL voltage level specs (1.4V
logic threshold)

m Cperates “STAND ALONE" (without pP) if desired

m Available in 20-pin small-outline or molded chip carrier
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FIGURE 1. DAC0830 Functional Diagram
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6 1.82 1.90 3 35
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