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Ba3|c Panel Line Work Flow

+ Multiple Work Envelopes Single Sided Welder
» Single Sided Welders - May require materi.al to back-out
+ Plate rotation & translation and rotate for welding

+ Dart welders . Rotation & Translation

« 3D work - PFanels may require rotation for
. next step, or translation on the

* lrregular Work flow (Removing table

panels in the middle of the line)
Dart Welder

- Panel orientation importantl

3D Work

single-sided | Rotation & Dart WWelder 30 WWark
Wielder Translation

Fit up :: ::’




Panel Constraints

e Drive/ Roller combinations
* Physical restraints

«=+ Drive Wheel
® Caster Wheels
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CAD =
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The CAD used in the project has varied. The original attempts wege based on AutoC AD-versions of DWG and DXF
CAD files. Soon after the first few attempts of CAD formatting,/Berge féhlpbundl dec ded to create multiple CAD
files in all possible formats to check the |I|t /6f Delimia MpoF the CAD.
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CAD

R,

SSI 0574 74

e e el s
The project team began the project by looking at SSI 06” for CAD to bé-Used.t the simuts ig’modelA hile overlooking what geometry is
currently in SSI 05. The project team had many delays with recgifing CAD from the newi verstefof S__'_Constr tor software. Bender

Shipbuilding took the initiative topfoduceAiseable CAD fof the - ware.
: 74 4
/
The first few versions of CAD had all the stiffeners wiii the paniels. The CAD-Slowly€ irito a Virtual Realty Modeling Language

file (VRML). The evolution of the CAD continugd -,-”élm “devolving inta a’*ba', ] sfidpe. The con spt to painimize the size and
complexity of the CAD has worked well. The CAD file st €s range fro p/1'to 837KB for4ll the panels used ingtead of the 2.2MB size files.
The information assocjafed wigi'the stiffeners,af eachfanel wds entered in to-an attriute files”

g 2
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models” from the API application in ShipConstructor. In e ; i A /- ) wikfeéad the req' .tf‘ drawing names and
numbers from the build plan and start a part dump g#ShipCe / at w' be tragnastated into De i/pa

attributefiles. SS1'
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The CG of each panel is used to transform the centel F D ip: inates0 a local panel
coordinate system. If this step is not done, thg y i elmja’appears to be nowhere near the

i i isfmore i ’ ase or.a “cross=weld” or
for preparatlon of the stiffener fit up aréa. < part would rotate aboutthe 0,0,0
point. If the 0,0,0 point of the pangl ‘not irf'the Center of 3 pla ,,ffhan e plate will c de W “othérplates

and the building that houses thg anel é.
_/
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e Qrientation 7>

— Notonly is the location important, the orientatio /o pa S (/ary throu
decks, while others become bulkheads and oth / me bulwarks. A
or rotated to represent how the panel would-actualyp

els. Sprfie panels become
a’nels need'to be aligned
e.

G
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Typical CAD Files

!I FA70-0101-PBEOS. WRL
FA70-0101-PEO4 . WEL
FAF0-0101-PBOY . WEREL
FAF0-0101-PO0O1 AWERL
FAF0-0201-PBS9. WEL

7770-0201-PE70.WRL
F7F0-0201-PDES, WRL
F770-0201-PSED, wrl
F770-0202-PEI6. wrl
7770-0202-PE37 . WRL
FFFO-0202-FD01 . WRL
F7F0-0202-PDEE, WRL
F770-0205-PE3E. wrl
7770-0203-PE37 . WRL
FFFO-0203-FD01 . WRL
F770-0203-PDEE, WRL
F770-0204-PEOZ . wrl

F770-0204-PD01 vl
7770-0205-PD01 . vrl
F7F0-0301-PDO1 wrl
F770-0301-POOZ vl
F770-0301-POO3, vl
F770-0301-P539, wrl
F7F0-0301-P540, vrl
FFFO-0301-PS41 wrl
F770-0302-PEO7  wrl
7770-0302-PEOE, wrl
7770-0302-PE11 . wrl

F7FO-0302-PE2E, wrl
F7F0-0302-PE31 . wrl
F770-0302-PEIZ, wrl
7770-0302-PE33 . wrl
F7F0-0302-PD01 . wrl
7770-0303-PEO7 vl

7770-0303-PEOS vl

FFF0-0303-PEL 1. wrl
7770-0303-PE2E, wrl
7770-0303-PE3 1 wrl
F770-0303-PESZ. wrl
F770-0303-PES3. wrl
7770-0303-POO1 . verl
7770-0304-PEO2, varl
F7F0-0304-PO01 vl
F770-0305-PEO1 . wrl
7770-0306-PDO1 . varl
7770-0401-PS04  wrl

FFF0-0402-PS01 wrl
F770-0402-PS03, wrl
FFF0-0403-PS01 . wrl
7770-0403-PS0G, wrl
7770-0701-PEOZ, wrl
F770-0701-PDO1 . vl

7770-0701-P303 . vrl

| g T TS
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Build Plan

e |nput Data:

—  The project used the Primaverre planning software used by Bender .

B3 ricrosoft Cxcel - 7770 Build Plan For PLOPS sds

o
ireity I Aehivity Mame UNIT

T,
T
T
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SBSENDER
i EBaesilcilins g Repair Co., Inc. -_i‘*.'
. ' A - a
A B C D E F G H

1 |CYCLE TIME DATA 7/14/05 0:00

2 |PANEL NUMBER: START TIME [LOAD AREA |PANEL WELDER |ROTATION AREA|STIFFENER WAIT AREA |STIFFENER BUILD AREA [Total Time

3 P01 7770 0301 POOT 0.27 0.90 7.04 017 0.00 99 54

4 P01 7770 0201 PBSY 9.45 0.15 0.00 0.00 1928 100

5 \PO1 7770 0201 FOGR 10,56 060 761 19.24 79 1%

B P01 7770 0201 PB7O 14,3 015 1931 o577 1838 15140

7 P01 7770 0201 PSE9 10229 0.60 2024 2460 18.36 30.00 94,00

8 P01 7770 0204 FEOZ 12397 060 J5 5 16.77 2998 163.80

9 P01 7770 0202 PB36 15092 0.45 17.53 iCE 8| 17200
10|PO1 7770 0203 PE36 169.93 0.45 2915 34 80 3438  187.56

11 P01 7770 0202 PE3R 200 59 0.30 3403 3433 1977 17744

12 [P0 7770 0204 POOT 29103 0.60 34 66 3274 19.75 5746 14521

13 [PO1 7770 0203 PB38 327 .21 0.30 3253 15.98 57 44 1977 12907

14 |PO1 7770 0303 PEIT 36127 0.45 18,95 56 45 19.75 278 10%

15 [PO1 7770 0302 PEA1 381.60 0.30 56.20 19.03 2473 TEXE REEE

16 |PO1 7770 0302 PE33 43953 0.30 18.75 2401 13.09 13.11 B9.26

17 [P0 7770 0302 PO 459 .45 0.30 2476 10,68 13.08 56 AG 20

18 [PO1 7770 0303 PE3T 456 54 0.30 10.64 12.37 3954 13.11 7596

19 P01 7770 0202 FEF7 45637 0.45 12,95 3619 13.09 17.41 5210
20[Pot 7770 0203 PE37 51262 0.45 3078 1174 17.39

8o.77

1

—_—— e

7 NoOpt4-m £ Chartd FOPT4 FOPT 3 JOPT 2 /OPT 1 £ buid sheet 7 manning / Chartl 7

|]
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Results

Build Plan vs. Discrete Model

=—Build Plan ldeal
1072505 0:00

10/5/05 0:00

]
8/15/05 0:00

82605 0:00

8/5/05 0:00

—— Build Plan with
Other Jobs

A5 0:00

Panels




Optlmlzatlon

The team produced logic for the software to load the panels on
to the panel line five different ways.

\\\
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Optimization

e Option 1:

No optimization. The model loads each panel based on the build
sheet starting from line 1 to the end of the file. However the end
user sorts the build sheet will determine the loading sequence.
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Optimization

e Option 2:

« Before loading, the logic will search for 5 non-rotating panels
based on the attribute data. The logic will search one by one
through the build sheet (based on the end user sorting method,)
each time adding a panel to the search loop. Once 5 non-rotating
panels were found, it would fall from the search loop. The logic
then scans each panel in the search loop and will skip over the
rotating panels to get to the next non-rotating panel in the loop.
The logic scans through all the panels in the loop and if none of
them can fit on the Panel Line, it simply loads the next panel on
the top of the loop regardless if it Is a rotating panel or not. Thus,
the rotating panels will load only if the 5 non-rotating panels do
not have room and if that panel is at the top of the search loop.
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Optlmlzatlon

e Option 3:

o Similar to Option 2. However, if the next panel in the build sheet
IS a rotating panel, it simply loads the rotating panel and falls out
of the optimizing loop.

San Dieao Mav 16 2007



:ll_- - .:"'.I a - : -'t-._.-'i -

i .'I I-.::r. e -1 LT [
- ] el
1 4 i =

mehhipbuilding & Repair Co., Inc.

Optimization
e Option 4:

e Based on Option 2. Thus, the rotating panels are skipped over to
find the non-rotating panels to optimize. However, the logic
counts how many times the FIRST rotating panel is skipped. If

the panel Is skipped over more the three times, the logic falls
from the loop and simply loads that rotating panel.
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Optimization

e Option 5:

This option is similar to Option 4. However, it takes the five
non-rotating panels in the loop and reorders the load sequence
based on budgeted hours. The panel with the highest budgeted
hours Is placed on the top of the list.
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Results

Build Plan vs. Discrete Model

=—Build Plan ldeal
1072505 0:00

10/5/05 0:00

]
8/15/05 0:00

82605 0:00

8/5/05 0:00

—— Build Plan with
Other Jobs

A5 0:00

Panels




Barilcdimag & FRepamir Coo (g T =2

Results

Build Plan vs. Discrete Model

=—Build Plan ldeal

—— Build Plan with

. Other Jobs
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SBSENDER
i EBaesilcilins g Repair Co., Inc. -_i‘*.'
. ' A - a
A B C D E F G H

1 |CYCLE TIME DATA 7/14/05 0:00

2 |PANEL NUMBER: START TIME [LOAD AREA |PANEL WELDER |ROTATION AREA|STIFFENER WAIT AREA |STIFFENER BUILD AREA [Total Time

3 P01 7770 0301 POOT 0.27 0.90 7.04 017 0.00 99 54

4 P01 7770 0201 PBSY 9.45 0.15 0.00 0.00 1928 100

5 \PO1 7770 0201 FOGR 10,56 060 761 19.24 79 1%

B P01 7770 0201 PB7O 14,3 015 1931 o577 1838 15140

7 P01 7770 0201 PSE9 10229 0.60 2024 2460 18.36 30.00 94,00

8 P01 7770 0204 FEOZ 12397 060 J5 5 16.77 2998 163.80

9 P01 7770 0202 PB36 15092 0.45 17.53 iCE 8| 17200
10|PO1 7770 0203 PE36 169.93 0.45 2915 34 80 3438  187.56

11 P01 7770 0202 PE3R 200 59 0.30 3403 3433 1977 17744

12 [P0 7770 0204 POOT 29103 0.60 34 66 3274 19.75 5746 14521

13 [PO1 7770 0203 PB38 327 .21 0.30 3253 15.98 57 44 1977 12907

14 |PO1 7770 0303 PEIT 36127 0.45 18,95 56 45 19.75 278 10%

15 [PO1 7770 0302 PEA1 381.60 0.30 56.20 19.03 2473 TEXE REEE

16 |PO1 7770 0302 PE33 43953 0.30 18.75 2401 13.09 13.11 B9.26

17 [P0 7770 0302 PO 459 .45 0.30 2476 10,68 13.08 56 AG 20

18 [PO1 7770 0303 PE3T 456 54 0.30 10.64 12.37 3954 13.11 7596

19 P01 7770 0202 FEF7 45637 0.45 12,95 3619 13.09 17.41 5210
20[Pot 7770 0203 PE37 51262 0.45 3078 1174 17.39

8o.77

1

—_—— e

7 NoOpt4-m £ Chartd FOPT4 FOPT 3 JOPT 2 /OPT 1 £ buid sheet 7 manning / Chartl 7

|]

AN Diedo Ma 6 700



Ehipbwuildimg

1041505

10/05/05

05/25/05

09/15/05

09/05/05

Results-Additional Manning

Panel Line Output

03/26/05

058/16/05

0506105

072705

071705 +

0707105

—e— Opt 1 2-Men

—a— Mo Opt 2-Men
Mo Opt 3-Men
Mo Opt 4-hen

— Ot 2 2-Men

o Opt 1-Man

—— Opt 3-2-Men

—— Opt 4 Z-Men
Opt 1 3-Men
Opt 2 3-Men
Opt 3 3-Men
Opt 4 3-Men

Build Plan

Panels

1;1"

'Il'lI

g

P
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Final Results

* Proposed - A 50% reduction in labor hours is anticipated in the shop floor planning and
scheduling.

¢ ACtuaI - The project team realized that the tool could load all relevant

panel parts and the software could replace the scheduling currently done for
the Panel Line by over 80%. The model has shown that it can manipulate the
process flow and come up with the same if not better numbers that is currently
being done by hand. The team also realized that it would be important to keep
a person in the loop, allowing the addition of HOT work.
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Final Results - cont

Proposed - Panel throughput should increase 20% by improving the ability to
predicatively schedule and optimize panel production by reducing WIP.

Actual

— Decreasing the process time in the stiffener fit-up area can reduce the WIP by 50%.
The gains shown in process time reduction could be achieved through a multitude
of different methods:

Increased manning

Improved processes

Improved jigs and fixtures

Improved fit-up rates

Improved tacking rates

Shifting labor on the Panel Line from positions waiting to work stations fully loaded.
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Final Results - cont

* Proposed - A 4% reduction in labor hours is anticipated on the manufacturing
shop floor.

o ACtuaI - Reduction in labor hours could be looked at different ways. The

process of reducing the processing time of the stiffener fit-up area reduces the
overall time it takes to produce the panel from three months to one. While
reducing the overall production time by 2/3 the increased cost of manning by
only 33%.
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Questlons
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