240 cryo-002

8/12/2005 331D DCM Cryopump Monitor
one-cycle ticks
ISG
clock ticks
S20
_100Milliseconds _100ms pulse
> =
2 { pD )
_1Second _1s pulse
SP4 c4
3 I { pD )
program initialization
ISG
ADC init
SO
F2-04AD-2 4ch current module (-10 - +10 VDC)
configure for fast read and DMA write
- LD
ADC init
SO‘ K400
5 f
ouT
V7660
LDA
03000
ouT
V7670
ADC init ADC zero
S0 S1
6 — | { e )
SG
ADC zero
S1
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zero the summation registers
LD
ADC zero
S1 K8
8 [
LD
KO
LDLBL
K1
MOVMC
V3030
LD
ADC zero
S1 K8
9 [
LD
KO
LDLBL
K1
MOVMC
sum([0]
V3040
ADC zero ADC acquire
S1 S2
10 {1 { P )
accumulate data for averaging
ISG
ADC acquire
S2
set the timer
_ TMR
ADC acquire
52, ADC timer
12 1 T2
K10
_ INCB
ADC acquire
52, cycle counter
13 o V3037
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14

set the pointers

ADC acquire

\52\

15

process the inputs from the voltage channels

ADC acquire

\52\

240 cryo-002
LDA
03000
ouT
input address
[ V3035

LDA
03040

ouT

target address
V3036

K4

16

17

18

19

get the value and check if the negative sign bit is ON

{ FOR )
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’ LD
ADC acquire
‘52‘ input pointer
10 P3035
ICMPD
K8000
if the number was negative (>=8000), convert to 10's-complement
SPG‘l }ANDD
I ‘ Kifff
SP62 BCDCPL
accumulate the values in the summation registers
_ |IADDD
ADC acquire
‘52‘ target pointer
10 P3036
OUTD
target pointer
P3036
advance the input data address pointer
_ INCB
ADC acquire
‘52‘ input address
10 V3035
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advance the summation data address pointer
_ INCB
ADC acquire
‘52‘ target address
20 o V3036
INCB
target address
V3036
21 NEXT )
turn off the timer and go to next stage
ADC timer ADC timer
T2 T2
22 {1 { RsT )
ADC average
S3
L—{ P )
compute the averages
SG
ADC average
S3
set the pointers
LDA
ADC average
S3
24 [ 03040
ouT
input address
[ V3035
LDA
03100
ouT
target address
V3036
Grab the number of cycles
LD
ADC average
S8 cycle counter
25 o V3037
BCD
ouT
num data
V3034
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compute the average for each channel

ADC average
S3 K4

26 o { FOR )

Grab the summation register
Look for negative numbers, as well
LDD
ADC average
‘33‘ input pointer
27 1 P3035
ICMPD
K50000000
summation was >= 50000000 (it was negative)
sign bit
SP61 Cco
28— | { out )
SP62
set the sign bit (for later)
. i BCDCPL
sign bit
Cco
29— |
take the average
DIV
ADC average
‘33‘ num data
30 o V3034
save as 10's complement
. i BCDCPL
sign bit
Cco
31—
Save the result
ouT
ADC average
S3 target pointer
32 | P3036
advance the summation data address pointer
INCB
ADC average
‘33‘ input address
33 o V3035
INCB
input address
V3035

Page 5



8/12/2005 331D DCM Cryopump Monitor 240 cryo-002

advance the averaged data address pointer

INCB
ADC average
| 33‘ target address
34 o V3036
35 NEXT )
ADC average ADC finish
S3 / S4
36 o { P )
convert active channels between raw ADC values to user units
SG
ADC finish
S4
LN2 flow: avgAdc[0] = 0-4095 = 0 - 1800 cl/min (empirical)
Observe (9-Dec-97) different behavior:
flow,l/min=2.723*VDC-4.96 = ADC*665/1000-496
[7-June-1999] new observation: 2.7234*VDC-5.002 = ADC*665/1000-500
LD
ADC finish
sS4 avgAdco]
38 || V3100
MUL
K665
DIV
K1000
ouT
LN2 flow
7 V3200
LD
LN2 flow
V3200 K496 KO
39 [ <
ISUBD
LN2 flow
V3200 K496 K500
40 | > |
ouT
ADC finish
54 LN2 flow
41 o V3200
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8/12/2005 331D DCM Cryopump Monitor 240 cryo-002
LD
LN2 density
V3201 K499 KO
42 | <}
ISUBD
LN2 density
V3201 K499 K499
43 [ > |
ouT
ADC finish
54 LN2 density
44 o V3201
LN2 density: avgAdc[1] = 0-4095 = 0 - 1800 cl/min (empirical)
[7-June-1999] new observation: 27.224*VDC-50.06 = ADC*665/1000-501
LD
ADC finish
sS4 avgAdc[1]
45 || V3101
MUL
K665
DIV
K1000
ISUBD
K501
ouT
LN2 density
7 V3201
o LD
_On
SP]‘_ avgAdc([2]
46 \ V3102
BCDCPL
ouT
avgAdc([2]
V3102
High Pressure buffer LN2 level: avgAdc(2]
0-500 mV only (205 = 4095*500/10000)
Limit the signal, report zero if voltage too high
[7-June-1999] new observation: 88.59-146.01*VDC = 89-ADC*36/100
LD
avgAdc[2]
V3102 K205 KO
47 [ > |
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reverse the sense
LD
avgAdcl[2]
V3102 K205 K36
48 | <}
MUL
avgAdc([2]
[ V3102
DIV
K100
ouT
LN2 buffer level
V3202
LD
K89
ISUB
LN2 buffer level
7 V3202
ouT
ADC finish
54 LN2 buffer level
49 o V3202
o LD
_On
SP1 avgAdc(3]
50 — | V3103
BCDCPL
ouT
avgAdc(3]
V3103
Low Pressure bath LN2 level: avgAdc[3]
0-500 mV only (205 = 4095*500/10000)
Limit the signal, report zero if voltage too high
[7-June-1999] new observation:96.04-177.82*VDC = 96-ADC*43/100
LD
avgAdcl[3]
V3103 K205 KO
51 | > |
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reverse the sense
LD
avgAdcl[3]
V3103 K205 K43
52 | <}
MUL
avgAdc(3]
[ V3103
DIV
K100
ouT
LN2 bath level
V3203
LD
K96
ISUB
LN2 bath level
7 V3203
. ouT
ADC finish
54 LN2 bath level
53 o V3203
ADC finish ADC zero
S4 S1
54 [ { e )
configure the 8-bit analog pots for adjusting the set points
a 5-bit range (0-31) for each pot to avoid noise
ISG
SetPt config
S10
configure the analog pots on the CPU to use V3774-V3777 (defaults)
) LDA
SetPt config
S10
56 [ 03774
ouT
V7627




57

58

59

60

8/12/2005 331D DCM Cryopump Monitor 240 cryo-002
minimum setting of 4 (must be >0)
) LD
SetPt config
S10 K2
[
ouT
anPotMin[1]
[ V7640
ouT
anPotMin[2]
[ V7642
ouT
anPotMin[3]
[ V7644
ouT
anPotMin[4]
7 V7646
maximum setting of 31
) LD
SetPt config
S10 K31
[
ouT
anPotMax[1]
[ V7641
ouT
anPotMax[2]
[ V7643
ouT
anPotMax[3]
[ V7645
ouT
anPotMax[4]
7 V7647
set the delay time (10 ms units) for switching the set points
) LD
SetPt config
S10 K50
[
ouT
setPtDelay
V3770
SetPt config SetPt adjust
S10 S11
o ( awp
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compute the SWITCH OFF and ON points for each set point
These points are raw ADC numbers (0-4095)
ISG
SetPt adjust
S11
flow: compute the SWITCH ON & OFF values
. LD
SetPt adjust
511 anPot{1]
62 o V3774
MUL
K128
ouT
setPtHi[1]
[ V3701
ISUBD
K250
ouT
setPtLo[1]
7 V3700
LN2 flow set point display value: setPtHi[1] = 0-4095 =~ 0 - 1800 dl/min
. LD
SetPt adjust
‘311‘ setPtHi[1]
63 o V3701
MUL
K4400
ISHFR
K16
ouT
LN2 flow SP
7 V3240
density: compute the SWITCH ON & OFF values
. LD
SetPt adjust
511 anPot[2]
64 o V3775
MUL
K128
ouT
setPtHi[2]
[ V3703
ISUBD
K250
ouT
setPtLo[2]
7 V3702
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LN2 density set point display value: setPtHi[2] = 0-4095 = 0 - 2000 mg/cc
. LD
SetPt adjust
511 setPtHi[2]
65 o V3703
MUL
K4884
ISHFR
K16
ouT
LN2 density SP
7 V3241
buffer level: compute the SWITCH OFF value
. LD
SetPt adjust
511 anPot[3]
66 o V3776
MUL
K3
ouT
setPtHi[3]
[ V3705
ISUBD
K3
ouT
setPtLo[3]
7 V3704
LN2 bath level set point display value: setPtHi[3] = 0-205 = 0 - 100%
. LD
SetPt adjust
511 setPtHi[3]
67 o V3705
MUL
K200
DIV
K205
ouT
LN2 buf SP
7 V3242
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bath level: compute the SWITCH OFF value
. LD
SetPt adjust
‘311‘ anPot[4]
68 o V3777
MUL
K3
ouT
setPtHi[4]
[ V3707
ISUBD
K3
ouT
setPtLo[4]
7 V3706
LN2 bath level set point display value: setPtHi[3] = 0-205 = 0 - 100%
. LD
SetPt adjust
511 setPtHi[4]
69 o V3707
MUL
K200
DIV
K205
ouT
LN2 bath SP
7 V3243
SetPt adjust SetPt compute
S11 / S12
70 oy { P )
check the set points
ISG
SetPt compute
S12
flow below the set point for a reasonable time?
TMRF
adc[0] setPtLo[1]
V3000 | | V3700 flowBelowSP
72 1< | T10
setPtDelay
V3770
flow above the set point for a reasonable time?
i TMRF
adc[0] setPtHi[1]
V3000 | | V3701 flowAboveSP
73 | = | T11
setPtDelay
V3770
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74

75

76

7

78

79

80

81

331D DCM Cryopump Monitor 240 cryo-002
flowBelowSP LN2 flow OK LN2 flow OK
T10 C1 C1
[ [ RST )
flowAboveSP LN2 flow OK LN2 flow OK
T11 C1 C1
[ = SET )
LN2 flow OK LN2 flow LOW
C1 Y4
St { our )
density below the set point for a reasonable time?
TMRF
adc[1] setPtLo[2]
V3001 | < V3702 densityBelowSP
1 f
setPtDelay
V3770
density above the set point for a reasonable time?
. TMRF
adc[1] setPtHi[2]
V3001 | > V3703 densityAboveSP
=
setPtDelay
V3770
densityBelowSP LN2 density OK LN2 density OK
T12 Cc2 Cc2
[ [ RST )
densityAboveSP LN2 density OK LN2 density OK
T13 Cc2 Cc2
[ = SET )

LN2 density OK
Cc2

LN2 density LOW
Y5

=1
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82

83

84

85

86

87

8/12/2005 331D DCM Cryopump Monitor 240 cryo-002
copy the absolute value of the buffer level to a temporary register
_On LD
SP1
| Kfff
IAND
adc[2]
V3002
ouT
temporary
V2777
LN2 buffer level setPtLo[3] buffer level LOW
V3202 V3704 Y3 Y6
[ < = SET )
LN2 buffer level setPtHi[3] LN2 buffer level buffer level LOW buffer level LOW
V3202 V3705 V3202 K100 Y6
= [ < [ RST )
copy the absolute value of the bath level to a temporary register
_On LD
SP1
| Kfff
IAND
adc[3]
V3003
ouT
temporary
V2777
LN2 bath level setPtLo[4] bath level LOW bath level LOW
V3203 V3706 Y7 Y7
[ < = SET )
LN2 bath level setPtHi[4] LN2 bath level bath level LOW bath level LOW
V3203 V3707 V3203 K100
> < | | RST )
Here's the signal for the beam line EPS (Equipment Protection System)
LN2 flow OK LN2 density OK buffer level LOW cryopump OK
C1 c2 Y6 / YO
| - S { out )

88
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_100ms pulse SetPt adjust
C5 S11
89 | { avp
ISG
DV1000 init
S40
DV1000: line 2
- LD
DV1000 init
S40 K8
91 ||
LD
KO
LDLBL
K4
MOVMC
V2210
DV1000: line 3
- LD
DV1000 init
S40 K8
92 ||
LD
KO
LDLBL
K5
MOVMC
V2220
DV1000: line 4
i LD
DV1000 init
S40 K8
93 ||
LD
KO
LDLBL
K6
MOVMC
V2230
numeric masks for flow and density
i LD
DV1000 init
S40 KO
94 ||
OUTD
V2213
OUTD
V2223
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numeric mask for bath level
i LD
DV1000 init
S40 KO
95 ||
ouT
V2232
numeric mask for buffer level
- LDD
DV1000 init
540 K256600
96 1
OUTD
V2236
DV1000 init DV1000 idle
S40 S41
97 o { P )
SG
DV1000 idle
S41
Use this pulse to toggle the DV1000 display between values and set points
TMR
_10s pulse
T4l _10s pulse
99 \ T41
K100
_10s pulse DV1000 toggle DV1000 val init
T41 c41 S42
100 ] 4+ ( awe )
_10s pulse DV1000 toggle DV1000 SP init
T41 C41 S44
101 [ [ { awp
_100ms pulse DV1000 toggle DV1000 val
C5 C41 S43
102 - O { owe )
_100ms pulse DV1000 toggle DV1000 SP
C5 C41 S45
103 I L ( we )
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SG
DV1000 val init
S42
Toggle the DV1000 display between values and set points
DV1000 val init DV1000 toggle
S42 ca1
105 | SET )
DV1000: line 1
o LD
DV1000 val init
S42 K8
106 |
LD
KO
LDLBL
K2
MOVMC
V2200
DV1000 val init DV1000 val
S4 S43
107 o { P )
display process values on the DV1000
SG
DV1000 val
S43
display the time-averaged LN2 flow in cl/min
LD
DV1000 val
543 LN2 flow
109 . V3200
LD
K6543
ISFLDGT
OUTD
V2245
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display the time-averaged LN2 density in mg/cc
LD
DV1000 val
543 LN2 density
110 . V3201
LD
K6543
ISFLDGT
OUTD
V2251
display the time-averaged LN2 buffer (high P) level in %
LD
DV1000 val
543 LN2 buffer level
111 . V3202
ISHFL
K4
ouT
V2254
display the time-averaged LN2 bath (low P) level in %
LD
DV1000 val
S43 LN2 bath level
112 . V3203
ISHFL
K8
ouT
V2256
DV1000 val DV1000 idle
S43 S41
113 | { vp

SG

DV1000 SP init
S44

DV1000 SP init

DV1000 toggle
C41
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DV1000: line 1
- LD
DV1000 SP init
S44 K8
116 |
LD
KO
LDLBL
K3
MOVMC
V2200
DV1000 SP init DV1000 SP
S44 S45
117 {1 { P )
ISG
DV1000 SP
S45
display the LN2 flow set point in ml/min
LD
DV1000 SP
545 LN2 flow SP
119 1 V3240
LD
K6543
ISFLDGT
OUTD
V2245
display the LN2 density set point in mg/cc
LD
DV1000 SP
545 LN2 density SP
120 1 V3241
LD
K6543
ISFLDGT
OUTD
V2251
display the LN2 buffer level set point in %
LD
DV1000 SP
545 LN2 buf SP
121 1 V3242
ISHFL
K4
OUTD
V2254
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122

123

124

DLBL

126

127

128

129

130

131

132

331D DCM Cryopump Monitor 240 cryo-002
display the LN2 bath level set point in %
LD
DV1000 SP
545 LN2 bath SP
1 V3243
[SHFL
K8
ouT
V2256
DV1000 SP DV1000 idle
S45 , sS4
o ( avp )
END )
K1
NCON
‘ KO
NCON
‘ KO
NCON
‘ KO
NCON
‘ KO
NCON
‘ KO
NCON
‘ KO
NCON
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NCON
133

=]
=
os)
-

K2

IACON
process values

[N
w
(5]

=]
=
os)
-

K3

IACON
set points

i
%)
N

=]
=
os)
-

K4

IACON
flow ###Htcl/min

[N
w
©

=]
=
os)
-

K5

IACON
dens. #### mgl/cc

i
o
iy

DLBL
K6
[ACON
143 bath##% bufft#%
144 NOP )
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