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Introduction



ABOUT ME

 Chris Wilson

hardware design engineer
PM in PCBA manufacturing

Common ground 
electronics

embedded systems 
engineering services



—Gall's Law

“A complex system that works 
is invariably found to have 
evolved from a simple system 
that worked.”



This talk is about my 
attempt at setting up a 
simple PLM workflow for 
KiCad that works for 
open-source designs.

A simple system
That works



PLM can get pretty complex, we only have 40 min!

Goals
● Enough info to get started with PLM in a weekend
● Walk through PLM integration with KiCad + Aligni

Non-goals
● Cover every aspect of PLM
● Compare / contrast multiple PLM systems

Goals (and non-goals) for this talk
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What is plm?
A basic introduction to product 
lifecycle management



Product Lifecycle 
Management is a process 
that combines best practices 
and software tools to 
centralize and structure 
product information over the 
course of the product 
development lifecycle.

What is PLM?



Product development lifecycle



Over the lifecycle of a product, the hardware design 
goes through multiple iterations.

Multiple hardware iterations



Each hardware iteration:
● Part numbers and revisions
● Parameters & specifications
● CAD files, drawings, manufacturing documentation
● Bill of Materials (BOM)
● Suppliers
● Regulatory compliance documentation
● etc…

Lots of product data to manage…



Sometimes in KiCad + spreadsheets + Google Drive + 
random local folders + email…

WHERE is this data Usually stored?



● Product data is siloed in KiCad
● Product data can become outdated

○ e.g. acquisitions (Fairchild → On Semi, etc)
● It’s much easier to make mistakes with manual input!

This Is not ideal



Ideally CAD should reflect design intent, not a snapshot 
of today’s supply chain data.

Decouple design from manufacturing



This darn data is so flingin’ flangin’ hard to manage!

There’s gotta be a better way!



People realized this and made…PLM software!

PLM SOFTWARE



● Centralized “single source of truth” for product data
○ Part numbers, revisions, BOMs, documents, etc.

● Enables access to product data using role based 
access controls (internal teams & external vendors)

● Change management (ECR/ECO) and quality 
workflows

● Auditable change history
● Integrates with other systems (PDM ↔ CAD, 

MRP/ERP, MES, PIM, etc)

What does plm software do?



DECIPHERING the “alphabet soup”



Product Data Management (PDM)
● Engineering tool to manage/version design files

Product Lifecycle Management (PLM)
●  Central hub for product data, approvals, and lifecycle

Material Requirements Planning (MRP)
●  Inventory, purchasing, scheduling, demand planning

Enterprise Resource Planning (ERP)
● Business and supply chain logic across departments

DECIPHERING the “alphabet soup”



● PDM is typically a subset of PLM (MCAD)
○ More recently, ECAD tools using Git for PDM

● MRP is typically a “module” in a larger ERP system
● Product data flows from PLM to ERP (e.g. mBOM)

DECIPHERING the “alphabet soup”



03
Kicad + Aligni
KiCad database library integration 
with Aligni PLM



Part & supply chain data stored in Aligni (not KiCad)

KiCad + Aligni // INTEGRATION GOALS



Auto-generated library of fully-defined (“atomic”) parts

KiCad + Aligni // INTEGRATION GOALS



Import assembly BOM in Aligni directly from KiCad 
schematic BOM export

KiCad + Aligni // INTEGRATION GOALS



Aligni // INTRODUCTION



Aligni combines PLM & MRP functionality

Aligni // PLM + MRP



● Part database (“Item Master”)
● Engineering change management (ECR/ECO)
● Quality control workflows
● Inventory management
● Planning & build management
● Supply chain management

○ Quoting / purchasing
○ Manufacturers / Vendors / Customers

Aligni // PLM + MRP



● Part database (“Item Master”) ← this talk
● Engineering change management (ECR/ECO)
● Quality control workflows
● Inventory management
● Planning & build management
● Supply chain management

○ Quoting / purchasing
○ Manufacturers / Vendors / Customers

Aligni // PLM + MRP



● Hosted solution with simple setup / no development
● Support for KiCad database (or HTTP) libraries
● ECAD agnostic (e.g. supports Altium also)
● Free tier with no time limit
● Public access for open-source projects (Open Aligni)
● Automatically managed internal part numbers

Aligni was the only solution that met these criteria*

*In the last couple weeks, PartsBox added support for KiCad HTTP libraries

Aligni // WHY aligni?

https://docs.aligni.com/tools/aligni-connector-for-altium/
https://www.aligni.com/open-aligni/
https://partsbox.com


Sign up for an account: https://app.aligni.com/catalog

Aligni // setup // sign up

https://app.aligni.com/catalog


Create a new organization

Aligni // setup // create a new org



Choose “Public Organization” (free for open-source HW)

Aligni // setup // create a new org



Aligni // DASHBOARD



Focus of this talk is setting up the Item Master database 
as the source of part data for KiCad.

Aligni // ITEM MASTER



● “Single source of truth” central repository for part 
data that can be used in other systems

● Part numbers, descriptions, specifications, costs, 
suppliers, and other essential attributes

● Backed by a “normalized relational database”

Aligni // ITEM MASTER



Aligni // Parts



Revisions: track changes to parts (more on this later)

Aligni // Parts // Revisions



Warehouse location and stock count of this part

Aligni // Parts // INVENTORY



One-to-many relationship between the part in Aligni and 
supplier part number (SKU)

Aligni // Parts // Supply chain



Some initial setup required before creating new parts

Aligni // Parts // creating new parts



Recommended internal part number scheme (100001):

Aligni // setup // Part number scheme



Part Types associate parameters with groups of parts

Aligni // setup // part types



Example: “KiCad Symbols” custom parameter

Aligni // setup // Custom parameters



How to generate a KiCad library for all parts in Aligni? 

Kicad // Database library integration



Database libraries are generated from SQL databases 

Kicad // Database library integration



Database library inputs:

Kicad // database library integration



Where does the SQLite DB come from?

Kicad // database library integration



Aligni // Replicator
Aligni Replicator is a 
Windows application* 
that generates a local 
SQLite database with 
all the parts in your 
online Aligni account.
*Replicator can be run in a VM but will 
not run in Wine.

https://docs.aligni.com/tools/replicator/ 

https://docs.aligni.com/tools/replicator/


Database schema contains a parts table

Aligni // Replicator // DB SCHEMA



parts table contains all parts from Aligni Item Master

Aligni // Replicator // DB DATA



What’s this ODBC driver thing?

Kicad // Database library integration



ODBC (Open Database Connectivity)
● Allows application to interact with different DBMS
● Industry-standard API

SQLite ODBC Driver
http://www.ch-werner.de/sqliteodbc/

NOTE: On Windows, KiCad requires 64-bit ODBC driver, 
but Aligni Replicator requires 32-bit driver–install both!

Kicad // Database library integration

http://www.ch-werner.de/sqliteodbc/


Windows (64-bit)

Kicad // Database library integration
macOS



Config file tells KiCad how to generate the DB library

Kicad // Database library integration



Example: CGND_OSHW_IPN.kicad_dbl
● Database library configuration file
● Maps tables/fields from DB to KiCad symbols/fields

Kicad // Database library integration



Kicad // Database library integration



Kicad // Database library integration



Referenced symbols must be defined in the library table

Kicad // Database library integration



Fields/attributes 
populated from 
the Aligni DB.

No supply-chain 
details in the 
library symbol 
(only IPN and URL 
to Aligni part)

Kicad // Database library integration



Map Aligni “Display Value” to symbol’s “Value” field

Kicad // Database library integration



Map Aligni part URL to symbol’s “Datasheet” field

Kicad // Database library integration



How to get the x_aligni_part_url column in the 
Aligni DB to map to the KiCad “Datasheet” field?

Simplest solution is to add
a custom part parameter
with the Aligni part URL.

(See later slides for a SQL
solution to add the URL)

Aligni // Replicator is missing part URL



Map Aligni part number to symbol’s “IPN” field

Kicad // Database library integration



Map Aligni parameters to symbol properties

Kicad // Database library integration



Add *.kicad_dbl config file to the symbol library table

Kicad // Database library integration



Now we can place Aligni parts in a KiCad schematic! 🎉
Kicad // Database library integration



Parametric part search for library parts in Aligni

Kicad // Database library integration



Links from schematic editor (“D”) & PDFs back to Aligni

Kicad // Database library integration



Aligni //
BOM Import EXAMPLE



Example assembly: Raspberry Pi Pico SAO Host board

Aligni // bOM IMPORT EXAMPLE

https://github.com/cgnd/rpi-pico-sao-host 

https://github.com/cgnd/rpi-pico-sao-host


Export the KiCad schematic BOM as a CSV file

Aligni // Assembly bOM IMPORT



Aligni import: map CSV columns to Aligni BOM columns

Aligni // Assembly bOM IMPORT



Assembly BOM is populated based on parts from CSV

Aligni // Assembly bOM IMPORT
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Revisions
How to use revisions in PLM



● Parts in Aligni have “Revisions”
● Revisions allow tracking changes to a part over time
● IMPORTANT: many external systems (e.g. inventory 

management systems) do NOT track part revisions!
● Customers will typically buy from distributors using 

your part number only*

*Sometimes it’s possible to purchase a specific revision of a part when purchasing directly from the manufacturer

Aligni // PART REVISION BEST PRACTICES



● Example: DigiKey SKU = Manufacturer + MPN
● No way for customer to specify revision in order

Aligni // PART REVISION BEST PRACTICES



● If two revisions of a part 
need to be “binned” 
separately in inventory, 
they need to have 
different part numbers

● In this example, Nordic 
includes the die revision 
in the part number as a 
suffix

Aligni // PART REVISION BEST PRACTICES



How should revisions be used with part numbers in PLM?

Best Practice: different revisions of the same part 
number should be interchangeable.

Use the "Form, Fit, and Function" (3F) rule:

If two parts have the same "form, fit, and function" 
(and sometimes "formulation") they can be 
substituted for one another.

Aligni // PART REVISION BEST PRACTICES



A general rule for dealing with changes to a part:
1. F/F/F compatible changes roll the revision of a part.

2. F/F/F incompatible changes require a new part 
number.

Aligni // PART REVISION BEST PRACTICES



Benefit: if revisions are following F/F/F methodology, 
PLM can “Up-Rev” all BOMs to latest part revision.

Aligni // PART REVISION BEST PRACTICES



This minimizes “churn” to assemblies when rev changes.

Aligni // PART REVISION BEST PRACTICES

Example revision change:
SENSOR-NODE (Rev B)
├── SENSOR-BOARD (Rev C)
│   ├── RESISTOR ( Rev A) → (Rev B)
│   ├── ACCELEROMETER (Rev A)
│   └── TEMP-SENSOR (Rev A)
└── FEATHER-BOARD (Rev A)

https://www.adafruit.com/product/4147



Aligni // PART REVISION BEST PRACTICES
❌ non-interchangeable: 
Triggers impact analysis 
for parent assemblies*
SENSOR-NODE (Rev B) → ( ???)
├── SENSOR-BOARD (Rev C) → ( ???)
│   ├── RESISTOR ( Rev A) → (Rev B)
│   ├── ACCELEROMETER (Rev A)
│   └── TEMP-SENSOR (Rev A)
└── FEATHER-BOARD (Rev A)

✅ interchangeable: 
changes do not “roll up” 
the hierarchy
SENSOR-NODE (Rev B)
├── SENSOR-BOARD (Rev C)
│   ├── RESISTOR ( Rev A) → (Rev B)
│   ├── ACCELEROMETER (Rev A)
│   └── TEMP-SENSOR (Rev A)
└── FEATHER-BOARD (Rev A)

Note: if you work in a highly regulated industry (medical, aerospace, etc), you most likely have a change 
management process that requires formally documenting all revision changes.

*Repeat for every assembly BOM that uses the RESISTOR part…
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Limitations
Issues with this workflow



Currently no way to assign multiple symbols to a part:
Connector             Generic      MicroMod          PCIe M.2

https://gitlab.com/kicad/code/kicad/-/issues/12380 

Kicad // alternate symbols

https://gitlab.com/kicad/code/kicad/-/issues/12380


Assigning multiple footprints to a part should be 
supported, but it wasn’t working when I tried it:

https://gitlab.com/kicad/code/kicad/-/issues/13587

Kicad // alternate footprints

https://gitlab.com/kicad/code/kicad/-/issues/13587


Free-tier usage limitations:

Aligni // USAGE Limitations



KiCad database libraries feature supports creating 
multiple libraries, one for each table in the database.

However, Aligni Replicator software only generates a 
database with a single parts table.

As a result, it’s only possible to generate a single KiCad 
library for all parts in the Aligni Item Master. It’s not 
possible to have separate libraries based on part type.

Aligni // aligni db only has “parts” table
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additional TIPS
Additional information that we 
didn’t have time to cover in the talk



● SQLite is a binary file format, not ideal for Git
● Hard to diff changes to a SQLite database (e.g. 

sqldiff won’t show changes to internal metadata)
● Use https://github.com/simonw/sqlite-diffable to 

dump the database schema/data to JSON format
● JSON representation is formatted to be “diffable”
● Check the JSON representation into the Git repo 

instead of the SQLite database

git // storing sqlite data in a git repo

https://github.com/simonw/sqlite-diffable


An x_aligni_part_url column can also be added to 
the Replicator database using SQL commands.

Aligni // Adding part URL to Replicator db



This can be scripted in Python via sqlite3 package:

Aligni // Adding part URL to Replicator db



CREDITS: This presentation template 
was created by Slidesgo, including 

icons by Flaticon, and infographics & 
images by Freepik. 

Thanks
Do you have any questions?

chris@cgnd.dev

https://cgnd.dev
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RESOURCES
Additional resources



● Aligni Pubic Organizations Page
https://app.aligni.com/catalog 

● Aligni Documentation (highly recommended)
https://docs.aligni.com/ 

● KiCad Database Libraries Documentation
https://docs.kicad.org/9.0/en/eeschema/eeschema.
html#database-libraries 

resources

https://app.aligni.com/catalog
https://docs.aligni.com/
https://docs.kicad.org/9.0/en/eeschema/eeschema.html#database-libraries
https://docs.kicad.org/9.0/en/eeschema/eeschema.html#database-libraries


● macOS
https://cdwilson.dev/articles/kicad-database-librari
es-on-macos/ 

● Windows
https://github.com/SumantKhalate/KiCad-libdb 

● Linux
https://datawookie.dev/blog/2015/09/setting-up-o
dbc-for-sqlite-on-ubuntu/ 

SQLITE ODBC Driver examples

https://cdwilson.dev/articles/kicad-database-libraries-on-macos/
https://cdwilson.dev/articles/kicad-database-libraries-on-macos/
https://github.com/SumantKhalate/KiCad-libdb
https://datawookie.dev/blog/2015/09/setting-up-odbc-for-sqlite-on-ubuntu/
https://datawookie.dev/blog/2015/09/setting-up-odbc-for-sqlite-on-ubuntu/


● Part numbering system design
https://www.buyplm.com/plm-good-practice/part-n
umbering-system-software.aspx

● Form/Fit/Function guide in Aligni
https://docs.aligni.com/guides/form-fit-function/ 

● Part interchangeability best practices
https://www.buyplm.com/plm-good-practice/form-
fit-function-interchangeable-parts.aspx 

PLM resources

https://www.buyplm.com/plm-good-practice/part-numbering-system-software.aspx
https://www.buyplm.com/plm-good-practice/part-numbering-system-software.aspx
https://docs.aligni.com/guides/form-fit-function/
https://www.buyplm.com/plm-good-practice/form-fit-function-interchangeable-parts.aspx
https://www.buyplm.com/plm-good-practice/form-fit-function-interchangeable-parts.aspx


Alternatives people mentioned but I haven’t tried yet:
● https://partsbox.com/
● https://inventree.org/ 
● https://durolabs.co/ 
● https://github.com/git-plm/gitplm 
● https://binner.io/ 

G2 PLM Reviews
● https://www.g2.com/categories/product-lifecycle-

management-plm

AlternativeS to check out

https://partsbox.com/
https://inventree.org/
https://durolabs.co/
https://github.com/git-plm/gitplm
https://binner.io/
https://www.g2.com/categories/product-lifecycle-management-plm
https://www.g2.com/categories/product-lifecycle-management-plm

