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Acorn was Founded in 1993 in Silicon Valley by product 

development veterans Ken Haven, CEO (MSME Cornell) and Tim 

Lau, CTO (MSME UC Berkeley).  DFM in our DNA.

Today Acorn is a global team of 30+ product development 

engineers – BSME and MSME.

ACORN’s Goal: Incorporate mechanical engineering analysis

and manufacturing considerations from the earliest stage of 

development in order to accelerate the path to market and 

improve outcomes. 

About Acorn
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Silicon Valley (HQ)           Boston/Cambridge           China-Dongguan

Acorn Global Presence
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Who we Serve

Clients & Markets

Consumer Industrial Communication

s

Medical
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Sample Acorn Projects

Apple G4 Tower

RoboteX Avatar Micro II Surveillance RobotSun M5000 SPARC Server

Siemens Acuson Ultrasound Imaging

Flip Video Mino & Slide HD Cameras

Teradyne – Automated Disk Drive 
Test Equipment
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• Full turnkey product design services

• Conceptual Design

• Prototype Design / DVT / Tooling Support

• Production Design / DMT / Regulatory Support

• Tooling & First Article Inspections / Ongoing Production Support

• Engineering analysis (thermal, structural, flow, tolerance, mechanism)

• Specific services to fill in gaps/augment existing development team

• Cost optimization services

• Labor

• Parts

• System level

Acorn Engineering Services
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DFMA and Acorn

• DFMA was integrated into our DNA from the start

• DFMA vs. Boothroyd-Dewhurst

• We are proactive about DFMA

• CMs incentivized differently for DFMA

• No methodology sell, no baggage

• Boothroyd-Dewhurst gave us a toolkit

• To share internally

• To share with clients

D
F

M
A
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DFMA and Our Clients

• Baby Steps

• Doesn’t have to be a 

cultural revolution

• Clients don’t always track 

cost; we drive this metric

Excuses we’ve heard:

• “Can’t estimate cost accurately, especially early in design”

• “Won’t affect anything – we already do this”
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Assembly Time Modeling

• Case studies presented here focus on assembly time 

optimization only (other DFM incidental)

• Difference between proto & production-level analyses

• These cases both involve assemblies which are:

• Produced in medium quantity (10K-100K units)

• Manually assembled
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Assembly Time Model

Simplifying Assumptions:

• Fasteners

• Weight

• Obstructions

• Alignment

• [another example]

H = Handling Time

I = Insertion Time

C1 = Setup Penalty

C2 = Number of Setups

C3 = Number of Passes

Simplifying coefficients:

• Chosen based on knowledge of assembly plan

• Tunable to various manufacturing locales

• In cases below clients withheld assembly data until after our model release
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Case 1 – Electro-Optical Prototype

Background:

• Electro-optical test apparatus

• Miniature drive trains move optical elements

• ~12K units/yr

• Early in design process, desired part & 

assembly-level optimization
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Case 1 – Model Development

• Original assembly contains 374 parts, 16.6% DFA index

• 50% of time in ~20% of parts

• Largest single contributor is 28% of total (15 min)

• +/- 8% correlation with client assembly data (.92 hrs)

• First pass opportunity identified:

• Reduce to .31 hours assembly

• Increase to 28.6 DFA index
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Case 1 – Model Application

Actual achieved results after design cycle:

• Reduce assembly time to .43 hours

• Increase DFA index to 20.6%
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Case 1 – Model Application

Unique challenges:

• High tolerance (optics, thermal sensitivity)

• Harsh environment limited material choices

• Completed tolerance analysis to assure motor 

placement for soldering operation
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Case 1 – Results 

• Cost savings > $ 500K (parts & asm)

• 100% realized

• Part Count: 374  148

• DFA index: 16.6%  20.6%

• Assembly time: .92 hrs .43 hrs
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Case 2 – Tooled Test Assembly 

Background:

• Electro-mechanical test apparatus

• ~14K unit build cycle

• ~3 hour anticipated build

• Actually took technicians 6.5 hrs

• Already had tooled plastic parts, 

had to work within constraints
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Case 2 – Model Development

Assembly Time 

Estimator for Large 

Assemblies
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Case 2 – Model Development

• Original assembly contains 1709 parts, 7.6% DFA index

• 60% of time in ~25% of parts

• Largest single contributor is 8% of total (24 min)
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Case 2 – Model Correlation

Model correlation with client assembly times:

• +/- 20% on process level common (up to 200%)

• +/- 5% on sub-assembly level

• +/- 2% on top assembly level

• Higher assemblies have averaging effect
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Case 2 – Model Application

1860 s

2X ROI

2060 s

2X ROI

840 s

X ROI

Original Design: Epoxied Bumpers
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Case 2 – Model Application

Representative section of options menu
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Case 2 – Results 

Client-selected mitigation plans:

• Prioritized development risk and ROI

• Cost savings > $ 500 K; ROI > $300 K

• Part Count: 1709  814

• DFA index: 7.6%  14.9%

• Assembly time: 6.5 hrs 2.9 hrs

If assembly time is prioritized:

• Time savings increase to 4 hrs

• ROI decreases to < $150 K 
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Conclusions

• Good first-order estimate of assembly cost early in design process

• Provides a way to make design tradeoffs & optimize assembly time

• Clients use tool for design metric, quote verification, removes “black box”

• Use DFMA early & often in design to achieve maximum ROI

• But, better late than never
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