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Sponsor
Backgrounad

Industry leader in high-design site furniture

Located in Kalamazoo, Ml and over 50 years

in business
Metal, wood, HDPE, and concrete site

furniture

High mix-low volume production



Woodshop Specific Background

® 45 Wood Products
> 120 Product Variations

® 10+ Wood Species

® Boards Matched with Order in Assembly

Palisade - Exception
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Defining The Problem

1 Space Usage 2 Flow of Material

3 Worker Movement 4 Unknown Utilizations




Project Goal

To increase machine and
worker utilization, minimize
worker movement, improve
travel paths, increase
throughput, and create a
concise flow of material.




Considerable Factors

Design Criteria Constraints
-Eliminate Backtracking -Staff Levels
-Physical Flow -Machine Movement
-Concise Process Cost

-Amount of Inventory
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Movement +5
Diagram :

CNC Area N A

Problem: Excessive movement of workers

Important Locations: CNC computer, label
rinting computer, chop saws 0" o]
P g P P ® @\

Straight Line Saw Area i Tabe

Problem: Imbalance of work

Important Locations: Forklift, moulder queue

AT STORNGE (8 CARTS)




Stakeholder
Interviews

Question 1: What would you change about
the layout of the woodshop?

Conclusion: Linear layout preferred; accessibility

Question 2: What is the first thing you
would change about the layout [of the

woodshop]?
Conclusion: CNC layout could be impactful

What Would You Change About the
Layout of the Woodshop?

What is the First Thing You Would
Change About the Layout?

& & - & o
e R > At <
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Utilization Study

155 Observations

90% Confidence Level

6.5% Margin of Error

Operator Study
Operator Utilization Study
CNC 1 Operator 63.58%
Straight Line Operator 1 56.79%
Chop Saw 1 Operator 56.17%
Moulder Operator 54.32%
CNC 2 Operator 54.32%
Straight Line Operator 2 43.83%
Middle Area Operator 1 37.65%
Large Sanding Table Operator 32.64%
Chop Saw 2 Operator 28.40%
Palisade Operator 2 10.49%
Middle Area Operator 2 3.70%
Spray Booth Operator 0.00%

Machine Study
Location Utilization Study
CNC 2 51.97%
Moulder 49.34%
CNC1 48.03%
Straight Line Saw 41.45%
Middle Area 39.47%
Chop Saw 1 36.84%
Chop Saw 2 36.18%
Large Sanding Table 30.26%
Palisade Build Area 24.34%
Moritise and Tenon 19.08%
Spray Booth 0.00%
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ProModel

Simulation
Goal:

Replicate Actual Operation,
Superimpose Layouts and
Track Improvements to
Data

Informatlon Used
CAD Layout

+ 2022 Sales Data

* Product Routing
Times

*  Woodshop Operator
Time Studies

14



Statistical Analysis

Model verified through ANOVA analysis comparing utilization study and current layout simulation

Straightline Saw

Tukey Simultaneous Tests for Differences of Means

Move Layout Layout Layout
Current| Only | Variation | Variation | Variation
Level Layout | CNC's 1 2 3
Replication 1 | 48.17 38.70 93.08 64.44 90.44
Replication 2 | 47.66 74.77 93.18 86.20 91.60
Replication 3 | 43.54 36.50 93.55 89.62 92.26

Example of ProModel Utilization
Results Comparing Layouts

Difference Difference SE of Adjusted
of Levels of Means Difference  95% C1  T-Value P-Value
2-1 420 3.39 (-5.22 13.61 124 0.729
3-1 38.28 3.39 (2887, 47.69 1.30 0.000
4-1 30.58 3.39 7.3999 9.03 0.000
5-1 38.79 3.39 (29.38, 48.20 145 0.000
3-2 3409 39 (2467 4350 0.06 0.000
4.2 26.39 39 (16.97 3580 7.79 0.000
5-2 34.59 39 (25.18, 440 021 0009
4-3 7.70 39 (<1711, 1.7 227 0.163
5-3 5 39 90, 9.92 0.15 1.000
5-4 8.2 339 20, 17.62 242 0.118

i e
INgivsy

ni ranfidenre lovel = 99 32%

Using Confidence Intervals to
Determine Layout Hierarchy
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Layout
Proposal
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Dedicated Cart

Cart Overflow Locations:
Moulder Queue, Chop Saw Queue, and CNC Queue

Solution:

Create dedicated cart storage locations using floor
tape

Cost:

$60.99/Roll -7 rolls recommended

Total Cost: $445.87

Color-Coded
Cone .. stem

Goal: Reduce changeovers on CNC; reduce
worker movement through visual ergonomic
cues

Solution: Color-Coded Cone System

Cost: Previously purchased cones

Retraining operator — 1 hour

18



Computer Station Relocation
Galaitioncidage wostermaod veamenitey poning etatiation

/ 19]|04U0D
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2023 Daily Pallet Tags Printed: 56 per day

Steps Taken to Pallet Tag Printing Computer
Current Layout
CNC1 1008
CNC 2 572

Py
o
=
—
@
=
o
o
o
=

Total Cost to Implement:
$31.20 x 1.5 hours = $47

19
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Layout Idea Generation Picking the Best Model

e VIP Planopt Optimization Software

O

O

Space Constraints

Flow of Material

e Considerable factors

O

O

O

Significantly different data
Improved Total throughput
Improved utilization

Cost

21



Simulating Mid-Term Models

Move OIy CNC's - Layout Variation 1

=]

Finahed prodyct
L 2 Meddie atee

Sanding Table

Finished product




Data Analysis for Layout Selection

. L. Location Fust | Segond,| Third. ||~ Weights
Layout Variation 1 Staighiline Saw | =AY 34V R S a—
Maghi Move Only CNC's| Layout Variation 1| Layout Variation 2| Layout Variation 3 Moulder 3 5 4 Second _,'n'.:_ -

Cot R O e Saw |00 4196 T 35081 [, 30.35150[g  TabROR) CostPer OB S Sawl | 4 | PRCT] s [y g JRPAS | FimlCost(S)
124 uaW@l»uAcu Ste |.qu,|t,r\-|_l| connect UULOl —Duct-Si 12 S - - &J ._U, cu Dljlﬁ' UHICR=DURLUITECT DUCT Byt Size 49
o Moulder 1" i tﬂek—Bﬁ/g 30 P 22978 ul 31,607 og ChopSaw 2 oo Aol teel—Adwsc?qqent— leeve 1 28
OUJ . aar o & = UllllUbLg’j\léUUbLoé.n.U 12 _‘9_\) / JEge r4Ts B L N ] = ‘r ulv\,_llll— o = A
g&hop Saw 1 :ﬁ?’sm bg 45 B rce B Eecif 2395, | 549 Mortise and Tegomiled stbel Quick-Dhcorrbet Dkt Dt Size 6 1 65
4:@_10? Saw2 b 30 Anized| At Sloa é.l 13635, /U 67:]584_ 30 CNC1 DuctSize 6 Galvinized®steel Adjustinent Sleeve 1 30

Mggtise and Tenonglh oo 000 3.0 cseaell 2708, P 04540 103 CNC 2 Galvanied St Quick-Digconndct Dugit, Dubt Size 10 4 413
334 ENC1 pgrg M.G&gngnd Ste IUl'% nm?,:.s 9 con tior -1.0095 /U 3933 39 Middle AreaDuct Bize 19 Galanized Steel| Adjugfment|Sleeve 1 39
CNC 2 AP 10.9975 i Q4Egps -
158 Llé-t Size ngﬁaej_@: e E|Bév@e;eohnpctrr/u 2.99 & }151363 lgafisa.d < Build APKH &:ze ﬁo_bte‘ T 9(3 Qegred ETBow Conpector 1 224
19gliddle AreaGalvifized Stéeltick-Digddnnect Buct! Buct Sizdle  17.6333 il 287401 S Booth uuu;iue 7 UdIVT'I'IZE'd' 2 33
Pabgade Build Area|db Duct-83i2536 Galvified SIRICRID |1 37865 |4 134345 qg “PTAY D00 DuctSize-§ CalvanizoH 2 37
28pray Booth  |db Duct-8iA285 Galviized Stedd Gdp |4 41755 |db -1283 ZZSande Table  |pcr Size 10 GahAnized %tppl%laml 5 112
Sanding Table |{P DuctS¥E®Galvaized Stedl.Gitp |4 45647 |4 11907
Weighted Average Scoring Talfletal Cost $ 1,029
- . . Total Cost $ 2,321 Current Layout 0 0.3 0 0.3
Utilization Differences - Current Layout Move Only CNC's 0 0 0.15 0.15
Simulation and Proposed Layout Simulations Layout Variation1 | 2 5 06 76
Layout Variation 2 3 1 073 675
Layout Variation 3 4 2 1.03 7.05

ANOVA Analysis Weighted Average

Comparison Table
23



Final-Mid Term Layout

Layout Design: Layout Variation 3 Associated Costs:
Improvements: Increased monthly throughput average of 114 units - Additional Ductwork — $1,030
(13% increase) - Maintenance Costs — 6 weeks

Identified Benefits: Funnel flow, separate cart storage locations 04



Long-Term
Layout
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Key Differences

Long-term proposal aimed towards new facility

o Minimal space constraints

o No current ductwork limitations

o Additional machines

Data Analysis for Layout Selection

Tukey Simultaneous Tests for Differences of Means

Difference Difference SE of Adjusted
of Levels of Means Difference 95% Cl  T-Value P-Value
2-1 30.89 3.34 (22.10, 39.68) 8.25 0,000
3-1 44,85 £ 363) 1343 0.000
4-1 52.04 B 083 15.58 0.000
3.2 13.96 4 17,2274 418 0.000
4.-2 4 36, 20.94) 6.33 0.000
4-3 34 9, 15.98 215 0.146
ndi

Layout Machine Score | Worker Score| Weighted Score Total
Layout Variation 1 1.6 0 1.6
Layout Variation 2 9.3 7.2 16.5
Layout Variation 3 8.75 12.3 21.05
Layout Variation 4 10.45 10.6 21.05

26



Simulating Layout Models

Full Linear Layout _ .
(Multiple Machines) Full Linear Layout L-shaped Diagonal Shape

| o
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Sanding Table

Chopsaw 1
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Straightiine suw 2
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Additional Machines

- 2nd Straight Line Saw
- 2" Moulder

- 39 Chop Saw

- 3 CNC

Layout Design: Diagonal Move
Identified Benefits: Highest Monthly Throughput of 1,785 Units (101% increase from current layout)

28




Deliverables to Sponsor

* Final CAD Layouts for Mid- and Long-Term Recommendations

* ProModel Simulation for Final Mid- and Long-Term Layout Recommendations
* Ductwork Cost Analysis Worksheet

All Other Layouts and ProModel Simulation Upon Request




Thank Youl

A special thank you to:

Landscape Forms
Jerimiah West

Dr. Bob White

Dr. Azim Houshyar

Dana Hammond

landscapeforms

30



