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DFMA Application

| ate 80’s

= Design for Assembly

= Producibility

= |ntegration / Implementation

= Simultaneous / Concurrent

Late 90’s
= FEA

= Cost
Management

= | ean

2000 - 2009

Optimization

Product Life Cycle

Design for Value

Value Stream

(=)
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Early 90’s

Benchmarking

Modular

Rapid

Six Sigma

Last 4 Years
Product / Process

TCO

Value Engineering

Function



Cost Savings
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W Savings per Month

m Total Savings
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DFM Process Example (veper]
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$230

= |dentify — Size the opportunity, Std. Price vs. DFM Price
= Validate — Accuracy of the DFM model & design cost drivers

= Conversion — Engage suppliers



Supply Chain (veper]
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= Where to start?
— Released/Legacy Parts within Supply Chain

— Pareto Principle — 80% of your spend comes from
20% of your parts

= Part Numbers: Standard Price x Volume = Total Spend

For each Part: For each DFM Analysis:

e Standard Price 1. Identify cost drivers

* Yearly Volume 2. Suggestions to reduce cost (VE Process)
* Batch/ Lot size  What else would do the job?

 Dwg / Model  What would that alternative cost?



Supply Chain Parts List
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Part Number



Supply Chain - Spend
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M Total Spend Analyzed
. _ . I
Business Unit #1 Business Unit #2 Business Unit #3 Business Unit #4 Total
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DFM Software — Material
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Fie Edit Analysis View Reports Graphs Tools Help
- = ke
DA% 29X d SS @ # P
G ic nickel allo hined/cut f tock part I Analysis type
=l eneric nickel alloy machined/cut from stock pa - @ Ful analysis
=R Stock process
. i Workpiece (" Quick estimate
E] Generic automatic chucking lathe -
' Setup/load/unioad — Part basic data —_—
L. Load bar Batch size 1000 -
~ Feed bar to stop Overall plant efficiency, % 85
- Rough and finish cylindrical turn
. Finish face Stock material form Round bar or rod L]
vl eingio hote = Material hardness, Bhn 178
- Finish cylindrical bore
- Finish contour turn Material cost, $/b I25 -
i Cutoft Material scrap value, $/Ib 1.15
-~ Rough and finish cylindrical turn
- Form or groove (paraliel) Cutoff method Other d -
- Drill single hole | S : :
P e _ — Part geometry
- Finish cylindrical bore , I— -
: ‘- Form or groove (parallel) B Weight, Ib Iz_gn -
- Inspect visually '
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DFM Software — Material
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File Edit Analysis View Reports Graphs Tools Help

DA% 9Xhed S S wm # 92

- Generic nickel allo hined/cut from stock part
= Generic nickel alloy machined/cut from stock part & Bar stock length, ft 10
E] S_tul:k process

: — Workpiece geometry
E] Generic automatic chucking lathe Length, in 1.25

- Setupfload/unioad
- Load bar Diameter, in. 375
Feed bar to stop
Rough and finish cylindrical turn )

- Finish face 3 Load S | I: Scale to fit
- Drill single hole ' Transparent
- Finish cylindrical bore S
Finish contour turn

— Bar dimensions ‘

— Picture

m

Rough and finish cylindrical turn
Form or groove (parallel)
- Drill single hole
- Finish cylindrical bore
- Finish face
_ .. Form or groove (parallel)
Inspect visually




DFM Software - Setup

File Edit Analysis View Reports Graphs Tools Help
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D @% 99X e d S S eI :

?

[=]- Generic nickel alloy machined/cut from stock part

=)- Stock process

Feed bar to stop

Rough and finish cylindrical turn
- Finish face

. Drill single hole

- Finish cylindrical bore

Finish contour turn

Rough and finish cylindrical turn
Form or groove (parallel)

- Drill single hole

- Finish cylindrical bore

- Finish face

Coarms ae smem o cm Lo =l

F

— Work handling
Workholding device | Collet Rd
Number of reversals 1
Load/unload time, s 15.1
Reversal time, s W
— Machine setup
Machine rate during setup, $/hr 16.5
Setup operator rate, S$/hr 30
Setup rate, $/hr 4650
Basic setup time, hr 15
Setup time per tool, hr 0.25
— Other costs
Tool, fixture, or program cost, $ 0

LI |



DFM Software - Processing

File Edit Analysis

View Reports Graphs Tools Help
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DA% 99X 2w S S B

[=]- Generic nickel alloy machined/cut from stock part
El- Stock process

E] G_erleril: automatic chucking lathe
- Setup/ioad/unioad

Feed bar to stop

- Finish face

- Drill single hole

- Finish cylindrical bore
Finish contour turn

- Rough and finish cylindrical turn
Form or groove (parallel)
.. Drill single hole
- Finish cylindrical bore
- Finish face
- Form or groove (paraliel)
- Inspect visually
- Edge break
- Check with snap gage
<« m

o

m

Baseline I

Tool material I Indexable carbide ;]

Include tool replacement cost? I?
Diameter of work surface (dw), in.
Diameter of machined surface (dm), in.
Length of machined surface (Im), in.

Finish cut allowance on radius, in.

Surface roughness 32 pin. 0.8 pym
Cutting speed during rough cuts, ft/min 405

Feed per revolution during rough cuts, in. IO.D[M

— Picture

(5 Load |

& Cle | Scale to fit
ar Transparent

Number of rough cuts I1
0.021
Cutting speed during finish cut, ft/min |450

IO.DD3

Depth of rough cut per pass, in.

Feed per revolution during finish cut, in.

Power available, hp 5.50
Maximum power required, hp 0.860
Spindle speed available, rpm 5,000.000

Calculates the machining time and cost forarough =
cylindrical turning operation followed by a light |_
finish cylindrical turning operation. You specify the
machining allowance to be left after the rough

turning operations and the number of rough turning
cuts or passes required to remove the bulk of

material is automatically determined. -




DFM Software - Extras
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File Edit Analysis View Reports Graphs Tools Help
DA% 9XXBe ¥ S S e # 9P
. - Load bar -
i Rejects, % 05
- Feed bar to stop s,
Rough and finish cylindrical turn Sampling percentage, % 100
- Finish face —
i Inspected in® 33.328
- Drill single hole _ e
Finish cylindrical bore Labor rate, $/hr 30
- Finish contour turn
5 ing ti 54
Cutoff Part handling time, s
Rough and finish cylindrical turn Inspection time, s 2
- Form or groove (parallel) L
i 0 tion time 7.40
- Drill single hole L St
- i~ Finish cylindrical bore -
. - Finish face Scale to
& ~u = | Scale to fit
= Form or groove (parallel) = (@ Load " Clea |: e
‘ R Inspect visually
- Edge break ~ Notes
Check with snap gage Acquire one part and visually inspect surfaces for
Measure with depth micrometer flaws.
Measure with micrometer (tolerance =/= 0.001 ir
- Wash/degrease part
- Plastic bag part
- Box parts and tape box B
) o =
« | n »
Baseline




DFM Summary - Results
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' DFM Concurrent Costing 2.4 [C:\Users\mmiles\Docume  ® Reports \ Results
Fie Edit Analysis View | Reports Graphs Tools Help

DE D% Executive Summary = Link Results to
[=]- Generic nickel alloy mac I:i:zies t draWIng, Slmllar tO
T e — a First Article
- Generic autumaticc |nSpeCtIOn report
Setuplload/unio:
Load bar Totals
Feed bar to stpp E_"l

Example: 303 SS Burst Plug Housing (lathe part)

= DFM processing time ~ 1100 seconds

= Supplier routing ~ 1200 seconds
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DFM Summary - Results
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Number matches “process-to-dimension” on the dwg

Cost per part, §
Process Chart S oroce "::::":::
Size | Material | Setup | Process | Rejects part | Tooling Total part, s
 1QFimsntace 71 Y T 71 oos] [ 0os] [ ess[ 600 |
20 Finish face 0.03 0.03 0.03 2.00
Generic CNC machining center 40 1.16 4.78 0.32 6.26 6.26 439,30
Setupoadiunioad 1.16 0.46 1.62 1.62 46.30
21 Rough and finish single peripheral end mill 218 2.18 218 197.00
22 Rough and finish face mill 0.48 0.48 0.48 41,00
2 3 Rough and finish face mill 045 0.45 0.45 39.00
24 Orill mulliple holes 0.29 0.29 0.29 28.00
25 Rough and finish single slot end mil 0.25 0.25 0.25 24.00
26 Rough and finish single slot end mill 0.34 0.34 0.34 32.00
27 Rough and finish single siot end mil 0.34 0.34 0.34 32.00




DFM Summary Example

DFM Cost Breakdown

W Material

M Setup
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— Std Price $21.55
— DFM 10pc US  $12.76
— DFM 25pc US  $11.62
— DFM 10pc Asia $6.21

" 11GA 5032-H32

® Clear anodize finish



Supply Chain - Spend

o 0, n

» Dynisco
M Total Spend Analyzed
. _ . I
Business Unit #1 Business Unit #2 Business Unit #3 Business Unit #4 Total



Supply Chain - Spend vs. DFM
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M Total Spend Analyzed

M Total from DFM analyses

Business Unit #1 Business Unit #2

-52%  30%

Business Unit #3

10%

Business Unit #4

-10%

Total



Supply Chain - Potential Savings
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—— M Total Spend Analyzed
| OPotential Savings
5 - B
Business Unit #1 Business Unit #2 Business Unit #3 Business Unit #4 Total
52% 10%



DFM Process
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Identib Conversib

= |dentify — Size the opportunity, Std. Price vs. DFM Price




Design for Manufacture
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* Modeling makes things easy....too easy?

= Just because you can model it, doesn’'t mean
you can machine it.... And be cost effective



Design for Manufacture
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L] T
REw | E<o | Br | mpF | BATE |

TOLERANCES UNLESS OTHERWISE SPECIFIED;

1. 2 PLACE DECIMAL £ .01
3 PLACE DECIMAL £.005

FRACTIONS *1/32

DRILLS < 0.5DIA >0.5DIA 002
ANGLES £0.5 ° '

FILLETS R .005 MAX

EDGES R.005 OR CHAMFER MAX
PART TO BE FREE OF BURRS

ALL DIMENSIONS ARE IN INCHES.

© N O U E W N

|I"‘—




Design for Manufacture

(=)
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L] T
REw | E<o | Br | mpF | BATE |

Surface Roughness Approximate Tolerance

Tolerance (machining)

Microinch Micrometer Inches Millimeters

4 0.1 0.00015 0.004

8 0.2 0.00025 0.006

16 0.4 0.0004 0.01

32 0.8 0.001 0.025

63 1.6 0.005 0.13

125 3.1 0.01 0.25

250 6.3 0.04 1.0

|I"‘—

- Processing - $
Time




Design for Manufacture (veper]
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= DFM request on a new product — 51 machined parts

— Example 1: 19 sheet metal parts
= 7 different gages of thickness
= 5 different materials

= 4 different finishes

— Example 2: Part made from rectangular bar

2.244"

Cross-section )
dimensions on print 743




DFM Process @
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* Part >

Identiw | Conversion

= |dentify — Size the opportunity, Std. Price vs. DFM Price

= Validate — Accuracy of the DFM model & design cost drivers



Engage Suppliers e
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Started with a parts list from Supply Chain
Performed DFM analysis
Reviewed the design and print specifications

Now you have the Data on Pricing

Suppliers:

“Material Price went up”

Red flag: Price is a “nice, round number” ($230) and a
large gap exists when compared to DFM price

Last time the part was quoted
NN



Supplier Example #1

150+ parts
DFM’s completed
Meeting set
Approach:

Non-adversarial

Supplier suggestions

Implied message

» Dynisco
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Cost drivers / Machining process
Show DFM of “their” part

Std. vs. DFM $



Supplier Example #2 e
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= Mat’l: Inconel — Std Price $484.81
: —DFM #1 $69.06
= Intricate part
. — DFM #2 $95.79
= Tight tolerances
| — DFM #3 $147.79
Li\ What was missed?
) = Lot size = Special Tooling

= Rejectrate (%) = Programming/

=

= $4200 bar stock, Debugging
5 ft leftover = Best Operator /
= Actual bar 2.50” 5?8;(9'\:'?;;2: -
dia., DFM used g

2.00” =  Communication




Supplier Example #2
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= Mat'l: Inconel Final Production Quote
= Intricate part —Std Price $180.85
— DFM #4 $152.16

= Tight tolerances

Final comment from Supplier:

With refinement $150-165



DFM Process @
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Valid(\
e Part >

Identiw

= |dentify — Size the opportunity, Std. Price vs. DFM Price

Conversion

= Validate — Accuracy of the DFM model & design cost drivers

= Conversion — Engage suppliers
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Results — Date of last Quote ) Dynisco

$7.33, Cap, Std Price
$9.63, DFM
$5.09, Re-quote

$8.47, Sensor, Std Price
$9.93, DFM
$4.30, Re-quote

$3.17, Header, Std Price
$3.40, DFM
$2.22, Re-quote

$1.33, Housing, Std Price
$1.81, DFM
$.95, Re-quote

$4.54, Cap, Std Price
$5.21, DFM
$2.70, Re-quote



Results — Date of last Quote
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% $17,920
Yy’
$7,600 0‘ - $3,040
’ .

i
f

$33,360



Supply Chain - Spend
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M Total Spend Analyzed
. _ . I
Business Unit #1 Business Unit #2 Business Unit #3 Business Unit #4 Total



Supply Chain - Potential Savings
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—— M Total Spend Analyzed

| OPotential Savings

_ -

Business Unit #1 Business Unit #2

Business Unit #3

Business Unit #4

Total



Results — Realized Savings
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—— M Total Spend Analyzed
] Potential Savings

M Realized Savings

B . B

Business Unit #1 Business Unit #2 Business Unit #3 Business Unit #4 Total



Results — Business Unit #4
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W Savings per Month

m Total Savings
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Results — Business Unit #4
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W Savings per Month

m Total Savings

F M A M J J A S O N D J F M A
2013 2014



Results @
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= Established cost savings program

= Internal departments

— Engineering, Supply Chain, Finance
= Business Unit #1 — 52%

— Supplier meetings, cost savings started
= Business Unit #4 — Key Supplier

— More opportunities to supply parts




DFM Application
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" DFM Process Design for Manufacture
Early Cost Estimating

" Existing parts
within the Su pp Iy e —
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Source: Boothroyd Dewhurst, Inc.



Summary
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Questions?




