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511
(Compress Gases)
Liquid Container)
2000 psig

(Compressor)"
(Vaporization)

PLC (Portable

34



35

Man Machine Materials
t- .
| | . ( Purge ]
j Reject Ruwmatenais
) ] Rawmatenn| 18
? Regenerate \
Dryer '
GASES N2
LOSS .
Tankerr>v*—Y  Vent Ligid ~ PLC \&—
Purge  Host B
VeMnSmflot » 0 oM\ W om ¥ imiivmmiu
\ "~ Build " v
81 : s Safely Valve \ , Control Point % Gases Loss
2
Vaccum H o
Iy ( Liguid -\ LI Ligmia Current Level 25
Range ‘ \ {! \
= 4 Target 18
V ‘ (Due Date 30 nov 1999
>
. ! ! Purge Onling Analyser .
Calibrate - | g 0% o Line
Loss \v + Purge
Reject ! Purge
(
Measurement Enviroment

511

(Content Gauge)

T' c\(J\4A 67



Tanker

;
]

322.85 Nm3/Hr

Ml IRE
\s7///
B oh G -4 “

Purge

36



31 5.1.3 uaaINIIITUEUTIAUUNLANN DAY PLC

37
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31 5.1.4 uanamsszouswu Ut Iussy sange e wannan gl luawe

6. PLC?

30 180

5.1.2



5.11

+2%

5%

322.85 Nm3/Hr
PLC

30 Nm3 / filling 180
Litre PLC

Purge = 2.6Nma/cyl
Overfill =5600
nm3/month

39

Content Gauge

PLC

1

Vacuum
2.



5121

5.122

5123

PLC ( Portable Liquid Container)

Content Gauge

40



PLC

5.124.

(Flow Meter)

13-

(Content Gauge)U

41



‘Data Out Put

1 Content gauge Convert to Cubic Gases

2. X Cubic of Gases

3. M3 Cubic of Gases

a3 Flow Meter

4, Convert to M3 Gases

o} (Liter)x Convert to M3 Gases

PLC

6.Ending Stock Content gauge Convert to Cubic Gases

Loss Calculation = 1+3-2-4 546
( Flow Meter )
(Weight Scaled
(m3)
(Content Gauge)
(8

Flow Meter

42



( Flow Meter)

Gauge)

513

L Stock

4 PLC

5. Stock

Gauge
Flow Meter

Liquid

Gauge

(m3)

Content

Vent

Content

(Content

43



5.14

Stock

Stock

Sheet

Content Gauge

Content Gauge

Log

Loss
Content Gauge

Content Gauge

44
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Benchmarking

515

(V)

(M3)

—_ = = =L =

—_— — — - —

31/1/99



(Raw Materials -

(Content gauged
(m3)
(m3)
(Tanker)
Content Gauge
Content Gauge
Content Gauge
Loss = (M3)+ (M3) -

(M3) - (M3) - (M3)
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5.16
«a
Content Gauge  Content Content Content Gauge
(M3)  Gauge Gauge
Liquid (Kg) Weight Content  Content Gauge
Flow Meter (M3) Bridge Gauge
Flow Meter
Weight Content  Content Gauge
Bridge Gauge
Content Gauge  Content Content Gauge ~ Content Gauge

(M3) ~ Gauge
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3U 5.1.5 uarAsd MU Content gauge IunsuanszavlSIMuAa lUDIUTY

5125

( Preventive Maintenance )

(Safety Valve )
VGL

(Vacuum)
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517
« 1 1Jim)
L 3 Vacuum
Vacuum VIE
PLC
2. Safety Valve 6 3 Calibrate Set
3. Content Gauge 6 3 Calibrate Set
4. Weight Bridge 6 3 Calibrate Set
5.Pressure gauge 6 3 Calibrate Set
VGL
5126 (PLC)
(PLC)
30
180
5127,

2.6



Pressure )

518
Gases Filling

Pressure

N2 2350

Pressure)

100 Psi

5128

Settle
Pressure

2130

50

(Vacuum Pump)

(Settle
Filling Settle Ave  Total Saving
Pressure Pressure  Filling/ (M3)
(new) (New) Month
2200 2070 2500 1925 M3
( Settle
5600 M3
16000

= 160000X.35 M3 = 5600 M3 /Month



4, PLC

(Cool o )

3.1
3.2 Set Set
3.3

3.4



513

5.1
5.2.
53.

54.
5.5.

(Nitrogen)

(PLC = Portable Liquid Container)
PLC

52



53

5.19
Month Mar99 Api99 May®d . 99 . Sep9  Oct99 Novdd  Decd9 Jan00 FebCO

%BN2 27 29 26 19 151 27 197 187 197 21 174 185
Loss

=25.2%
=19.1%

511 1

Percent N2 Loss

30

20 4—

10 -

191 %



52

521

(25C)

1



521

DRY ICE PRODUCTION PROCESS

STORAGE TANK
Liquid Carbondioxide |
= LLiquid Co2  Storage tank
I 50%
gases
Snow Tower J—— 50 % C02 compressor
+50% Snow Dry ice
‘ 2.Snow Column
Hydrawlic Pressing
Machine
Hydrawlic
Cutting Machine 1
| 3.
Cutting Machine 2 l
y
4,
Wrapping and
Packgaging
Pack!

Delivery




522

FWIAINTAUNNIING A Y
CHuLALONGKORN UNIVERSITY

522



Snow
Tower

Moveabl
e truck 1

[

Dry ICE
Production

1
1
1
1
!
1
1

5/

/-Aﬂqldlﬂ

Cutting 2

) 0
T:—‘Uﬂ;‘?‘

Wrapping Table

@\

wrapping
operator



5.2.3

497

521 1

Month Oct Nov  Dec  Jam  Feb Mar Apr  May Jan Jul Awe
% % 9% 9 99 99 99 99 99 99

% C02 Loss % 8 S 48 £ 48 B N 48 5 47



59

% cO2 Loss

- N W s 0 N
o ©O O o o o ©

1-98 Nov-980Dec-98Jan-99 Feb-99 Mar-99 Apr-29 May Jan-949

o

521

5.2.4

5241

(Tower)m






Cooling Water

CO2 Compressor
e K
Vent
rXP i
Fo\le SNOW TOWER
150T CO2 STORAGE Gl L
\ N —

era in
Pressing M/C REh

525

(Relation diagram)



62

uiiandudad guwniias

/ /I‘, a ® - . . .\
. " [ wianhanuduieuly
| aompliamaniowangs SN ]
K . Adudssingow /
s

AnudAgludage

\

Cooling Towe
; P ATE
namudwinlaliioow

/

b]

W3a33n :

whadwiuiuianaue

awunAninwlig

SumUBnnvasuianng

U uhdsinesn )

10U Liquid ludage

M52 729 ¥ R22

a 4 o - -
NATAIMANULEY M3 Build MYaIUNT

Capacity O e
4 iy lunaifiadurily &
vaaATaanamandu i

o Pressurs W
WUINE v
ABITTUIWAN

526 :

(Relation Diagram )



5.2.2
L
2.
3,
4,
D
6.  Build
Pressure
7.Capacity
8.

R22

100%

Valve  Compressor Set
Temp
R22
Liquid
Cooling Tower
PM
Sprey Set percent
Dry Ice
Liquid
Spec

Motor
Screw Seal

PM



Sealing

9. Liquid Space
10.Cooling Tower Line
11 Temp
5.24.2
1
) V]
= | 11 I
| ./
o)

5.2.1

NIRR
£ LN NN N
|

S S B B A



—

~ o o

" v
31 5.2.8 Mg TuIinanINMs SLMEYUTAITONITHD



5.2.10

66



1KG

15 Kg
15 Kg

1 Ky
1 Kyg

67

5Ky



523
Dry lce(g)

0 135
15 130
3 125
45 120
60 115
[ 11.0
0 105
105 100

00 Loss

%
%

v
00

05
05
05
05
05
05
05

Dry Ice
Dry Ice

%

loss

0.00
3.0
3.85
400
417
435
4.5
4.76

4.20%

I
1

Dry Ice(g)
125

115
115
105
105
100
95
9.0

= 4365 %
=0.291 %

BHKG

00
10
00
10
00
05
05
05

©

%

loss

0.00
SO0
0.00
8.10
0.00
4.76
5.00
5.26

4.53%

68



5.2.4

0

15
30
45
60
[
90
105

0 Lo

%
%

Dry Ice(g)
150

140
140
135
130
130
125
120

Loss
Loss

0.0
10
0.0
05
05
0.0
05
05

)

Dry Ice
Dry Ice

%

|oss

0.00
6.67
0.00
3.57
3.70
0.00
3.65
4,00

3.11%

15

1

Dry lec(g)
130

125
120
115
115
110
110
105

=305%

= 0.203 %

0.0
05
05
05
00
05
0.0
05

(9

%

69

|oss

0.00
38
400
417
0.00
435
0.00
455

2.99%



10
20
3
40
50
60
10
80
0
100
%
loss

525

%

105
105
105
105
100
100
100
95
95
9.0
9.0

Loss
%

Dry Ice (Kg)
2 3
100 150 105
95 150 100
95 145 95
95 145 95
95 140 95
95 140 95
90 140 95
90 140 95
90 140 95
85 135 95
85 135 90
100
Loss  Drylce

115
115
11.0
11.0
11.0
110
11.0
11.0
105
105
105

= 134 %
1

10Kg

125
120
120
120
115
115
115
115
115
115
110

= 0.134%

95
9.0
90
85
85
85
85
85
85
85
85

105
95
95
90
90
9.0
9.0
9.0
90
85
85

120
115
110
110
110
110
110
110
105
105
105

70

115
105
105
105
100
10.0
100
10.0
10.0
95
95



10
15
20
25
0
3
40
45
50
55
60
65
10
6]

526

Dry lee
984 0
970 14
958 12
946 12
934 12
923 i
910 13
893 17
861 32
846 155
832 14
820 12
810 10
799 1
790 9
79 1

% Los

%  Loss
%  Loss

%  loss

144
125
127
128
119
143
190
3.72
L7
168
1.46
123
1.38
114
141

Dry Ice
Dry Ice

Dry (ce

1000
983
970
957
944
932
921
909
900
869
854
841
830
821
813
803

5
1

1KG
2
1 ", Tio\W
V. L
0 0 976
17 173 954
13 134 939
13 1.36 926
13 1.38 914
122 129 902
il 119 892
2 132 881
9 1.00 869
a 3.57 839
155 1.76 826
= 1,95 814
il 133 803
9 110 193
8 0.98 783
10 125 72
= 154%
= 0.308 %

10
10

71

2.31
1.60
140
131
133
112
125
1.38
3.58
157
147
137
1.26
128
142



10

20
25
30
35
40
45
50

60
65
10
6]

5.2.1

Dry Ice(g)

%

796
766
742
1
690
644
640
615
5%
511
550
528
509
490
470
451

Lo

%
%

9)

30
24
a
2
46

25
20
24
2
22
19
19
20
19

Loss
Loss

%

loss

0
392
3.23
4.36
3.04
114
0.63
4.07
3.36
4.20
3.82
4.17
373
3.88
4.26
421

3.87%

Dry Ice
Dry Ice

Dry Ice(g)

890
863
837
812
188
761
738
711
687
663
642
620
598
518
556
548

5
1

21
26
25
24
21
23
21
24
24
A
22
22
20
22

9)

%
loss

0
313
KHNI
3.08
3.05
355
3.12
3.80
349
3.62
3.21
3.55
3.68
3.46
3.96
1.46

3.29%

= 351 %
= 0.702 %

1KG

Dry Ice(g)

894
866
844
819
790
769
745
721
698
674
652
630
609
588
568
544

7

5
in Il o' ;
loss
@)

0 0
28 323
2 2.61
25 3.05
29 3.67
2 2.13
24 3.2
24 3.33
23 3.30
24 3.56
2 3.37
2 3.49
2A 345
2A 3.57
20 352
24 441

3.31%



528

1Kg
1Kg
15Kg
15Kg

(Cutting Loss)

0.702 %
0.308 %
0.291%
0.203%
0.134%



529

1 21.0
2 20.5
3 20.0
4 19.0
5 135
6 145
! 165
8 155
9 190
=6.53 %
1
0.7 %

20.0
190
185
170
125
140
155
145
18.0

%

4.76
1.32
7.50
10.53
141
345
6.06
6.45
5.26

6.53

170
165
135
155
105
100
14.0
125
135

11

2291 %

6.35

%  Lossi

15.00
13.16
21.03
8.82
16.00
28.57
9.68
13.79
25.00

17.45

2.8

22.91 %

74

%

19.05
1951
32.50
1842
22.22
31.03
15.15
19.35
28.95

22.91
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Snow
Tower

Weight oy -
21—

[

Dry ICE
Production

':m~<m(-|nr\

= Wrapping Table
Chttirrg™ 0tk

0gg

Buffer [ U(ﬂ I '
wrapping
e —— Cutting 210 operator

31U 5.2.11 msdaszuy mswdaauuulvi Tagldaovududes

52.5

76



5210

Ave Oct - Juy99 Aug- Sep-99 Oct-99 Nov-99 Dec-99 Jan-00 Feb-00 Ave

99
0
% CO2 Los 19.7 6 48 54 4% B B 3KY
% C02 Los
60 3
8 .
50 +—m49.7 W46 W48 7.— ) : I
B N s
20 | 5 =T
| }
10 [ = P
0 | }
g & & " /8 & .8 8 2
LA N 7/ T AN
: z %) Q -y (=) "X (oS

49

1999 38 %

2000
38.7

77



53

53.1

(Request Form)

iny

78
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I S
Order Taker

-
Order Taker (WU

walu Inventory sys. ¢ S 9w
llUUV‘OS”ﬂﬁﬂlllﬂﬂaﬂ

- o - .
Huda 3ol o~ .
vioaa T Withunda

|
| Order Taker udalyf

‘l andmsuieinsan
| i

1

uHAAAUNINTA Avams_~Aesmisluivsed

R 5 My
UHP w30l nioli Codiiion Planiiing ussy 'l "
uda i Order Taker ni10
Eng. Mumu
! hidlu % hideaprs
v
Order taker Huueiy UAMOSAGAMIZRA0) usspld
ad? o
PB-006/F001 TwmsduAruazia
=
¥ v vp
TunduA v A, hidivio uda Production Planning
Loader (AU UM Sorter AinuwAanlal
sonlufusealas Lab Hrnetllsddi Eng.
L Y
[ & ;
e AARBUHUNAIUALND
uHunindIaen R
e
ATNTBUUALITUA TAU Invoice gn#n Y
Ve - .
GRIY) ywaumIHAAuARZIHN <
J
o |
b,
- — Jurdanuaninsats
RICERPET Y S
HPuio'li

ponluiuses | Shrink valve =

A

AT TDUNAIF o Hu g
l adoiluFuseaivonne |

Taugfis

I

531 Flow
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532

(Request Form)'

(Laboratory)
(Make to Order )
( Stock)K
2
3
1 (Document Flow)
2 (Operating Method)

3. (Machine Time)



L (Document Flow)
1
533. (Document Flow)U
532
Customer Csuesrt\%rcneer EL%%%}'SOOI} Soring 1 Cyl treatment  Filling Laboratory
T Y
4 UNpTATS
i
i -
& .
- 9 e
o L "
¢ 7 ,
;
finish

5.3.2 Flow

81



531

(Request form )

Flow

82



83

242)
Filling

(1%

Testshop

532

Laboratory

POC-
Testshop

POC- Sorter

CSS-POC
Production

Time

checking -

Sorter

CSS

4



84

i

24

%
21

57

Tot
Ave

14

201

211

126

141

0.07

0.74

911

141



PROCESS FLOW

Order

[ |
POC COORDINATOHf

v
L SORTER |

ndulddununuimiagp
AMuvoudalign

—
[ POC COORDINATOR I
-' T '

AOIUINUAN

lumsufulgane Test Heat

Painting

| Production Supervissor

[ Aas29m0UAIUTINITNVDINgI
\

HAN

'lumunnu?m

wanla

Production Operator Filling

2

' Laboratory for analyse

; ui‘)’quwuniﬂdd’lunwﬁaﬁa}ﬁ
‘ Augnm [
! J

533

Doccument Flow

RQ Issued by
Austorrifsiivic 5 0.7 day

Production
POC CO Trav

Sorter Tray 0.07 day

Customer service tra/
1.41 day

| 1.2
A 6 day

Test shop /Heating cyls
/Painting

Production Supervissor 2 . 1 1 d ay

Tray
-,

2.07 day
Operator filling
Lab Room
|
: 1.44 day
Distribution
\—/—\
TOT 9.11 Day



534

(RQ Form)

(RQ Form)

86



533

87



5.34

88



5.3.5

Order

89



5.3.6

90



5.

537

Flow

15

Folk Lift

RQ

91



92

5.3.8

15

Request



93

53.9

- - - - - - -

535

Flow

5.3.10

19

19



AWIAINTAUNITINY 18
ChuLALoNGKORN UNIVERSITY

Flow

94



5.3.6

53.

Service

12

45

14

0.77 Days

141 Days
3.37 Days
2.07 Days
1.4 Days

9%
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2542 )

(130

5312

Painting Filling Laboratory

Test Shop -

Prod Sup -

CSS-POC
Production

Heating

Test Shop

10

13
14

16
17
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18
19
20
2

22
23
24
25
26
21

10

28
29
30

3

32

34

36
37

16

3

39

68
174

52

42

48
123

13
0.33

Tot
Av

133

1.08

138

=71

Flow



NEW PROCESS FLOW

Truck Driver

Confirm Customer for |

agreemant

Issue CRD f

Customer service |
| - J

v
Sorter (Recheck) ‘

POC CO |
v

Production Supervissor }4——

danonau

Thimunsonaa'ld

ryes
Test shop
|
Heatting

*

Painting

Laboratory Analyse

i
HAMITINIIEN

!

534

Flow

Doccument Flow

CRD Issue by

driver

‘Customer service

Issue .
Sorter Tray
0.33 day
POC
1.23 day
Test shop/Heating
1.38 day
Painting
] 1.08 da
Filler y
Lab room 1.33 day
S 1.74 day
Distribution

Total 7.1 Day

98



99

53.7

| =5 |

IBM /88

Q o 0 O Q

—c 1 (= C5J

—

Customer service  Production Supervisor Printer M/C Test Shop FiIIstation Laboratoy
Requ
est
form
535 Online System
Lan ( Local
Area Network system )

(Request Form)



Production 1
Customer X Sorting
Tanker Customer R Supervisor
service
Confirmed
cyls

recondition at
customer site

5.3.6

Cyl treatment

Filling

Laboratory

100



5.3.8

(KAN BANG)
[
' [
1 1
i g
1 A 4 ]
' : . || pemdnaeu | 0 ——
| MBS | MenuABY | MINAADULITY | | ; NILUIUNS
' msvmanan — T o ; 718 —t >
. wioly | fu \ Js U539
; : AUNABINIT i
' [
' [
/—————————————————l——-b
! a
12 DAYS S e }
|
1 2

537
KAN BANG




KAN BANG

KAN BANG AREA

538

) Type 2
00087 .

Nt ﬂ Production
unne lJussy
900¢." @
N 2

N A

EMPTY STOCK AREA

msvme wiunlu
Area

1-2

102



103

53.10



5311

5313

Flow

9.11 11

' 911

104

. 2542
Computer Online ¥
7 S 7
59 4.39
4.3 2542
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54

(Input)

( Out Put)
Input / Out put

541

720 (18,720 )
11,152 ( 10 )
60 (1, 1)



54.2 1
(Request form)W
15
(Laboratory)!
(Folk Lift)
Pallet LAB
(Folk Lift)
Loader
54.1
L
2.
3 3

4, Lab

6
Pallet
(Pallet) 15
60
720
60

106



s ow oo e

A |

542

1

] N 1j n N 1

15

Sorter
Loader
Test Shop Operator
Heating
Oxygen operator
Nitrogen Operator
Argon Operator
Technician

Il

N —m = P =, DN b -

107



5423.

5431
543
Time

Employee Action me 15 Machine Action

Pallet 3 3 N/A

Pallet 0 1 N/A

1 14 N/A

14 N/A

(Pallet)
16 1 (pallet) 15 460

11 50



109

54B.2.

(Pressure Test)
(Cleaning) (Heating & Vacuum)



544

Employee Action

Computer

Test

Total time

Op Op Op Tme

1 2 3

dle Idle
. Idle ldle
p Idle Idie
Loy |dle
dle Idle

|dle dle
1
1
dle Idle
dle Idle
dle Idle
ldle Idle
idle Idle*
dle Idle
ldle Idle )

2.5
8
10
14
15

90
19

10

4
120

Time
15

2.5
105
20.5

49

139

158
163
173
80

304
319
319

dle
dle

dle
dle

|dle

|dle
dle

Idle
|dle
|dle
|dle

Machine Action
Testing M/C
|dle |dle
|dle |dle
dle |dle
dle |dle
dle dle
|dle
|dle
|dle |dle
|dle |dle
|dle |dle
|dle |dle
|dle dle
|dle |dle

N0

|dle
|dle
|dle
Idle
Idle

dle

Idle
Idle
Idle
Idle
Idle



542

15

Operator 1(M1) Total working time = 54.5
Operator 2 (M2) Total working time = 119
Operator 3 (M3) Total working time =96

aie AT TSR

P o
b i i
et S

r-¢7

s fom
<
=1
a

319



= || W] L& e S T Lo [ 5 E- % La
| | | “ |
3 |
opl opl 1 \
34 34 ; ‘
| | \ ‘
P <. > - E—
| free 71 min |  free 71 mm' free 71 mm"
[Topt AN R BRI XX opl |
7 L <0p2 L0t % |
opl |
34 %
|
1 [ NSO S N NN
1% | | - 0p2:105 min 38K

543

4 488 8

L 3 Y 117

60 60

Starting

time (=]

Free time =60 min .
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544

1 146 60
41 % 1
1%
5433
3
545
Time Machine Action
Opl Op2 Op3 Tim 15 Nitrogen  Oxygen  Argon
e
Employee Action
2 2
Filling line ’ 6 8
3 1
=
(Purge) 5 v20
2 2.2 30 50 Fill (30) Fill Fill
53
Filling line 6 59

Total Time 59



114

(Loader)

21 %

5434

(Laboratory)™ 3



5.4.6

time
Employee Action
Pallet 15
Lab

26.3
2.5
120
2.5

Lo =1

54.7

707 15

Time
15 Machine Action
75
33.75
36.25
156.25
Pass
158.75
158.75
15
14
319
59
158
707

QC



116

90.3 %
-
Sorting 88 % |
14mint15 | | Filling 3 station | ‘
{ 59 min/(15°3 cyls) o Laboratory |
0 ﬁ‘yil: eyl \ ‘ 131 minfeyl |97 % ‘ 158 min/cyls il s/_:°°k
LNe ‘ > 10.5 min/ey! ros
12 Test shop Heating \ q ‘
173 min /15 | 146 min/15
| cyls Lo cyls
11.5 min/eyl 9.7 min/eyl 1.01
1.38 1.16
54.6
12%
9.7 %
LI |
Sorting Testing Heating filling Lab analysis

0.9min /eyl 1.38 min/cyl

247

1.16min/cyl

1.38

1.31 min/cyl 1.01 min/cyl



544

.Over production (
2. Waitting Time (
3. Transportation (
4. Processing time (
5.Inventory (Over stock) (

6. Motion (Method excess) (
7. Defect (Excess scrap) (

(Make to order)

5441

1

(Sorting Area)
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