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Guide to Basics Understanding the Use Of and Relationship Between
Engineering & Assembly Drawings, Bill of Process (BOP) & Bill of
Materials (BOM)

These three operating documents work together to provide clarity to:
¢ What and how many components form the product?
e What are the steps/sequence for fabricating the product?
e How can the product continue to be produced effectively as its complexity increases?

Engineering Summary
and Assembly
Drawing Engineering and assembly drawing provides:

e Visual representation of product & components
e Fit, tolerances, and assembly specifications

Bill of process (BOP) addresses:
e Processes that produce the product, and their
sequence
e Specifications and parameters of each process step

Bill of Process
(BOP)

Bill of materials (BOM) addresses: :
e Components forming the product
e Production time per component

Basic Elements of Bill of Materials (BOM):

O Lists quantities of components, ingredients/materials required to make a product
[0 Integrates product hierarchy through parent/child delineation

Levels of a product:

O Parent: End item (or final product)
0 Children: Raw materials, components, and sub-assemblies

Demand may depend on product levels:
[0 Parent: Independent demand (external to the system)

0 Children: Dependent demand (internal to the system)—Demand for an item depends on the demand for
items "higher up” on the BOM
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Bill of Materials- Fxample - product hierarchy

Laptop Par.ent
(end item) The BOM provides
| N information about:
Processor Keyboard Monitor e Relationship
Quantity: 1 Quantity: 1 Quantity: 1 between items at
Lead Time: 3 weeks Lead Time: 2 weeks Lead Time: 2 weeks different levels
| Lchildren ® Quantity of each
| item
Casing Keys e Lead Time of each
Quantity: 1 Quantity: 104 item
Lead Time: 2 days Lead Time: 1 week

Raw Materials

BOM Generaton Components:

Low-Level coding (LLC):

[0 A number that identifies the lowest level at which a specific item exists in the BOM
[ Allows for easily computing the requirements of an item existing at different levels of the BOM

BOM Processor:

[0 Essential component in most commercial packages; maintains the BOM and automatically assigns LLCs
[0 Is essential for products with large BOMs (e.g., automobiles with approximately 30,000

components)
A Level
| 0
— 1]
B c Level
Quantity: 1 Quantity: 1 - 3
Lead Time: 1 week Lead Time: 2 days
| |
F E D
. . . Level
Quantity: 1 Quantity: 1 Quantity: 1 -2
Lead Time: 4 days Lead Time: 2 days Lead Time: 6 days
|
H Level
Quantity: 1 -3
Lead Time: 5 days

Guide to Drawings, BOP, BOM |
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O Item G can be coded as Level 2 (under B) or Level 3 (under E)
O LLC convention has it coded as Level 3

A
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Bill of Process

Process planning is typically documented on a routing sheet, also known as a bill of process (BOP)
Process Documentation

O Workflow process mapping (value stream mapping)
O 1SO process documentation

Process planning organizes these production-related elements:

Methods of production
Tooling

Fixtures

Machinery

Sequence of operations
Processing time of operations
Assembly methods

OoOoOooooo

Factors to be considered during process planning:

Dimensions/size

Surface finish

Geometric shape

Tolerance

Material being processed

Product value and urgency

Manufacturing capabilities and resources available

OoOoOooooo

Engineering Drawings

Information on an engineering drawing or “blueprint”:

Title

Version

Material

Projection type

Units

Scale

Other (i.e., assembly instructions, intellectual property, tolerances)

OoOoooooao

Controlling variability in BOM and BOP:

[0 Adds to cost, complexity
O Impacts quality control, inventory readiness, parts tracking, supplier contracts

Parts Planning:

O Consider a parts tracking system (for inventory ordering/control and quality traceability)
[0 Highly recommend a plan for each part!

Dimensional tolerances:

O Defined as the allowable errors on a specific dimension

[0 Typically expressed as a range of values (i.e., the diameter of a hole is expressed as “3.5 inches * 0.02,”
which means that the hole is acceptable if its actual manufactured diameter is between 3.48 and 3.52
inches in diameter)
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Geometric tolerances:

O

O

Defined as the allowable errors on shapes, locations, and profiles (as opposed to size or dimensional
tolerances)
Specified on engineering drawings as a box with a leader connected to the feature of interest

Material Effect on BOM & BOP:

Material tradeoffs:

O OO0O0O0O0O

Different materials require different tools and production processes, each with their own trade-offs
Reduced cost of materials may mean higher per-piece price with volume

More robust materials may require larger investment in tooling and capital equipment

Lighter weight does not necessarily mean less material

Lower volumes require different manufacturing process to control tooling and capital equipment
investments

Switch to high volume with less takt time process may require major investment in capital equipment but
lower per-piece price over time

Material Selection Drives:

OoOoOoono

Cost and time to produce

Performance and adaptability to design changes
Look, feel, and sense of quality

Reliability

Environmental impact

Spend the time now to select the right material for your product (you may not have a second chance!)

Material Properties to Consider:

OoOooooo

Mechanical properties: Response of the material to force and load

Physical properties: Based on the inherent behavior of the material (usually driven at molecular level)
Thermal properties: Reaction of the material in the presence of heat or cold

Electrical properties: Ability of a material to transmit, store, or impede electricity

Optical properties: Ability of the material to transmit, reflect, or absorb light

Environmental properties: Ability of the material to maintain performance in its application environment

Often overlooked Material Considerations:

O

o0 OO0

The choice of material constrains manufacturing process selection for a given geometry (This affects both
ongoing and capital costs)

Some material prices fluctuate based on the market with significant effects

“Brand name” materials (especially plastics) can be significantly more costly than others (Make sure you
understand your product’s requirements)

Quality: Material attributes can dramatically affect quality

Material quality must be monitored to maintain product quality (Material specifications are critical to this)

SOURCE: https://build4scale.linl.gov/docs/modules/Module_2A.pdf

/
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Visuals and Examples

Source: Dan Radomski Utilizing Munro & Associates Methodology
Provided through the Build4scale program (https://build4scale.linl.gov)

Bill of Materials tend to focus on two parts:

°
of materials (BOM)
Ingredients 3
1. 2to 3 very ripe bananas, peeled.
2. 1/3 cup melted hutter.
3. 1 teaspoon baking soda.
4. Pinch of salt.
5. 3/4 cup sugar (1/2 cup if you would like it less sweet, T cup if

o o~ Oh

Engineering Bill of Material (eBOM). eBOM is a special type of bill of material that defines the

product as designed. It contains the list of items, parts, components, subassemblies, and
assemblies in the product designed by engineering.

Manufacturing Bill of Material (mBOM). mBOM is most referred to as the BOM contains all the

parts and assemblies required to build a complete and shippable product. MBOM is a type of bill

more sweet)
. 1large egg, beaten.
. 1 teaspoon vanilla extract.
. 11/2 cups of all-purpose flour.

The eBOM is needed to prepare an
mBOM which will be used to create work

instructions. The bill of material first
needs to be organized by assembly
precedence. Process sheets may also be
created to help understand the assembly
seguence and any special design features.

Source: Monro & Associates, INC.

A
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1 Preheat the oven to 350°F (175°C), and
butter a 4x8-inch loaf pan.

2 In a mixing bowl, mash the ripe bananas
with a fork until completely smooth. Stir the
melted butter into the mashed bananas.

3 Mix in the baking soda and salt. Stirin
the sugar, beaten egg, and vanilla extract.
Mix in the flour.

4 Pour the batter into your prepared loaf
pan. Bake for 50 minutes to 1 hour at
350°F (175°C), or until a tester inserted
into the center comes out clean.

5 Remove from oven and let cool in the
pan for a few minutes. Then remove the
banana bread from the pan and let cool
completely before serving. Slice and serve.
(A bread knife helps to make slices that
aren't crumbly.)
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Bill of Process (BOP)

1 Preheat the oven to 350°F (175°C), and

butter a 4x8-inch loaf pan. . Banana Bread

2 In a mixing bowl, mash the ripe bananas =

with a fork until completely smooth. Stir the . =

melted butter into the mashed bananas. e Ha-AH-MO

3 Mix in the baking soda and salt. Stirin R =4

the sugar, beaten egg, and vanilla extract. =l - - |
Mix in the flour. AO A ‘ '

4 Pour the batter into your prepared loaf =
pan. Bake for 50 minutes to 1 hour at
350°F {175°C), or until a tester inserted
into the center comes out clean.

5 Remove from oven and let cool in the
pan for a few minutes. Then remove the
banana bread from the pan and let cool
completely before serving. Slice and serve.
(A bread knife helps to make slices that

't crumbly. ) 4 - 4 x
arent crumaly. .
AAasaBOON
Translate the The BOP is a step-by-step sequence of work activities needed to fabricate
instructions and build the product. When a BOM transitions into a BOP it is surprising
into a BOP how some of the most simple assemblies require complex processes to build.

Complexity increases the opportunities for mistakes which drives additional
guality controls into the process.

Bill of Materials (mBOM)

The more information that is within the BOM the more likely you will get what you want.

Build4
Scale
Banana Bread 5% Gasmtmen o Erary
[ Banana Bread |
Amount Unit of
Symbol Hame N umber Description Wem Qty  Amount  Measure Supplier Wate rial Weight
Banana Braad Benana Bread  Banama Bread 1 1 Each 206281
. Butter LOL=ILE Butter, 40z Bar 1 033 Cup Land Or'Lakes Butter 132000
Butter-1 -Ealted
. Mashed Bananzs F . Mashed Maszhed 1 1 Each Fabrication 121031
| . Bananas Bananas Station - 1
i | Banarss ChBanOR Banana- Ripe 3 i Esch Chiquiz Banana 183.0000 ¥
Melted Bt LOLSILE Butter, 402 Bar 1 1 Cup Land 0rLakes Bintier 0.25001
Butter-1 - Saltad
Butter LOLSLE Butier, 4oz Bar 1 03 Cup Land O'Lakes Eutier 132000
Butter-1 - Silted
Baking Soda AHFESIE Sada Baking 1 i TSP Arm&Hammer  Soda, Baking 018870
Salt MTE26= TablaSalt, 1 1 Pinch Maran 02063 m
Plain
Sugar SDPCGALE. Zugar, Pure 1 0T Cup Crominz Sugar 0.76001
15Cal Cane
Egg, Beaten P. Beaten Egy  Egg, Bestan 1 1 Each Fabrication wip 03841
Station- 2
Egg Eggl Lame- Eqg Lange 1 1 Egg, Each Egglands Eagg 221500
AR
| anillaExrad ‘vanilla Exract anilla Exrad 1 1 TR TMCCmics Q15700

The indented bill of material structure along with the assembly sequence helps
understand how the product needs to be made.
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Bill of Process (BOP) Example

[ Banana Bread

Amount Unit of

Symbol Name Number Description Item Oty Amount  Measure Supplier Material Weight
ry Serving Plate Serving Flater Serving Flather 1 1 - - 0.00m0 |
rFs Knite, Braad - Serratad Knife, Bread - Mnife, Braad - 1 1 = = 0. OO0 |

Serrated Serrated
= Banana Bread Banana Bread Banana Bread 1 1 Each 2.9578 |
s Owen Owven Cwven 1 1 - = 0.00001
. Pre-heat Owven Fre-heat Oven FPre-heat Oven 1 1 - - 0.0000 |
A 4x8" Loaf Pan 4X8" Loaf Pan 4x@” Loaf Pan 1 1 - - 0.000o0 |
Ll Butter LOLSILE Butter, 40z Bar 1 0.33 Gup Land O'Lakss Butter 1.3200 0
Butter-1 - Salted
L. Eutter LaafPan Butter LaafPan  Butter LaafPan i - = 0.0000 |
- Mashed Bananas F -Mashed Mashed 1 Each Fabrication 1.2103 1
Bananas Bananas Station - 1
Y Trash Bin Trash Bin Trash Bin 1 1 = 0.0000 |
Y 9 Bowd Bowd Bowd 1 1 - - 0. 000 |
ry Fark Fark Fark 1 1 = = 0.0000 |
[l Bananas ChBan-oR Banana- Ripe 3 1 Each Shi quita Banana 183000 gr
. Remave Peal Remave Peal Remaove Ped ] 1 - - 0.000o0 |
|- Discord Feels Discord Fesls Discard Pects 1 1 - - 0.0000|
N, Mash Bananas Mash Bananas Mash Bananas 1 1 - 0.00001
[@] Melted Butter LOLSILB- Butter, 4oz Bar 1 1 Cup Land O'Lakes Butter 0.260:0 |
Butter-i - Saited
A Traszh Bin Traszh Bin Traszh Bin 1 1 - - - 0.00m0 |
| ‘. Microwave Microwave Microwave 1 1 - - - 0.0000 1
i % Maasuring Cup Peasuring Cup MllEa s wring Cup 1 1 = 0.00001
N | Butter LOLSILE Eutter, 4oz Bar 1 033 Cup Land O'Lakes Butter 1.3200 0
i Butter-1 - Salted
= Remaowve WWrapper mave emaove 1 1 = = = 0.0000 |
WWrapper Vrapper
iy ] Discard Wrapper Discard Criscard 1 1 - - - 0.0000 |
H Wrapper Wirapper
% Knife, Paring Knife, Faring Knife, Paring 1 1 0.0000 |
.. Cut Butter Cut Butter Cout Butter 1 1 0.00001
i i Place Butter to Measuring Cup Place Butter to Place Butter to 1 1 0.0000 |
i Measuring Gup Measuring Cup

[ Design Profit =

Fage1of3

@2000 -2017 Design Profit, Inc.

(BOP)Example

-

The assembly layout will also be dependent on

assembly fime and build quantities.

ot Bap e

ATIXT EMEN

Ao

Source: Monroe & Associates Design Profit, Inc.
Bill of Process
Bannna Brend ge’é‘e‘;ﬁ
3. - - :
H . —— i
: [
i -
! = - e ;
.: = - =
: =
[ ] B

The Bill of
Process will

drive the

assembly
layout or
block diagram
requirements.

Guide to Drawings, BOP, BOM
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Final Assemibly

Station 2

\ Beaten |

N

!

Fabrication 1
[Sub-Azsemily)

Fabrication 2
[Pre-Process)
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Final Assembly
Station 3
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Bill of Process (BOP) Example

The assembly layout will also be dependent on assembly time and build quantities.

® 3
L 3
zlg|é|5|F £
w|=|2 |85 g
o o
=3
- — — —
A y . y ™,
MNuts . / ] / 4 Final Assembly I
FlnaIAs.\semva Batter | FlnaIA?sembIl,r / Bft‘t‘.r | Station 3 : Banana
Raisins Station 1 / Station 2 \ Loaf Pan | k \ Bread
N M / Bake SN
| L | WIP WIP WIP
— WIP o
- N /, ~
{ Banana- [ Eggs, |\
Butter | \ Beaten |
\\\‘_ _.,/' \‘._ _‘,/'
Fabrication 1 Fabrication 2
(Sub-Assembly) (Pre-Process)
A
gle
3
s g
a |3
]
Generators Value Chain
1.3.5.1
Generator/Power
Electronics
Assembly
Power — s é::t:izr Generator 1.3.5.1.1
Semiconductor Assembly Assembly Housing
Controller
X 1.3.51.2 L
Housing Stator Lamination
Circuit Board
& Components™ | 13.51.3 Windings
Rotor
AN
I
Control Software | [
i :
Laminations Induction PM Permanent
Grid Interface Rotor Rotor Magnet
Strategy
Windings Cradle
Bearings
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BIW Main Assembly Line

LH Quarter
Panel Assembly

—
\ 4

-

( h Firewall ( LH Body Side ) ( Roof Head ) Shotgun and )
Rear Underbody sub- | sub-assembly Assembly cot Headers BracRets

assembly \ J \ J \. J

w w
. J [ ] ™

\ 4 A 4

= ELL

n

n

n

| |

|

~
Side Rails and floor '
EEEN | N
cross members ‘

Frame1 |msspl Frame2 puslpo!  Frame3 =B  Re-spot

A i

[ ]
n
( ) ( ) (o )
Floor Panels RH Body Side Bolts  Side rail
Assembly reinforcements
\. 7 . A \ v,

A
ferrm——

RH Quarter
Panel Assembly

XL 2

Front structure sub-
assembly mEE

Auto Body-in-White Workflow
e ,{"ﬂ f/l
S ©
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Workflow Drives Assembly Instructions

D Standard Work Instructions
|___Station8: | Diffarentinl 5 mbly | - Gear Coztings
[ emst ] Deseription Gy

Prototype Procezz- Not Ready for Production

Step 8

Step Description: (What)

Step Derail: (How, Why, Key Points)

Preparation

12, Place Differential Case on fixture, align ping on fixture to seat Differential Case

1b. Apply light coat of "Lube™ to (2) Side Gearz on the flat zide of gear, with
applicator

1. Place shimz on Side Gears and apply light coat of “Lube™ to top of Shims
1d. Sct Side Gears aside

te. Apply light cost of "Lube" to (2) Pinion Gears on the “zmooth side™

1f. Place zhims on Pinion Gear and 3pply light coat of Lube” zo.lop of shimz
1g. Sct Pinion Gearz azide

Inztall Gear Castings

23. Place 3 Side Gear in bottom and top and hold top one in place with one hand
2b. Inztall Pinion Gearz, on both zidez, with gear teeth mezhed together
2¢, Rotate Pinion Gears 180 degrees to align with Pinion Shaft holez

2d. Lubc Pinion Shaft and ingert into pinion hole locking the Pinion Geors in place.
Check that the gears spin, excessive lube may cauze binding.
2¢. Align Pinion Shaft hold hole with Differential Caze pinion hold hole

2f. Move to prezs and install Pinion Hold Pin
29. Using o hammer and punch, set Pinion hold pin slightly below flush

Notes to be removed from final Operator Instructions:

Need adaptors, for press, to push beoring into place. Error proof to have press reach full stroke
Could add feature to recess Hold Pin into Differentail Caze

Baze fixture zhown iz not required, waz uzed 32 3 spacer in press

Prezz could have 3 "drawer rollers" feature to zlide aczembly in and out of presz

Pinion Gears

Workflow Process

Example - Lithium ion battery manufacturing

/

«Work zafety requirementz: | 2| Dezcription 1 Revby Date

* Report any uncafe work conditions to team leader or zupervizor. | |

* Clean work station 3t the end of each shift, Prod. Team Leader | Prod. Supervisor Quality Mgr
* Perform any and all miscell tasks ag i d by supervi: |

Guide to Drawings, BOP, BOM | Powered by NYSERDA |
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Product Anatomy Example

Anatomy of a Li lon Battery Cell

A DeconStru Cted Prismatic ce" Source: Sion Power Corporation, TBS (Total Batery Solutions)

Gas Release Vent  Current Collector Sealing Plate
Insulation Plate

Negative Terminal

Gasket

Electrolyte
injection hole Separator
74
Positive
" Electrode
L=
Negati
e egative
Case Y [
(Positive Polarity)

Process Flow Examples

Battery Production & Testing Equipment

e

Mixing H Coating H Slitting H Calendering H Drying
[ Electrolyte I
Sorting Formation filling Winding
|
Module Electronic
assembly integration

Cell
assembly

BMM
integration

|
Battery pack
assembly
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Process Flow Examples (continued)

Lithium lon Cell Manufacturing Process Flow

Li-lon Battery - Simplified Process & Energy Use Overview

Cell Assembly Frocesses

All processes within the
cross-hatched box must be
done in an extremely clean
and dry envirenment,

*  Air Conditioning Energy
Use - High

*  Solvents

Base Materials

(commodities)
€, Li, Co, Fe, Mn, P, K,

.-———————————————————————————————————————I
Electrode Material Prep. "-I Coat Electrodes .bJ Electrode Sub- | Cell Final-Assembl I
(anode and cathode) (anode and cathode) Assemblg I
«  Ball mill *  Apply electrode *  Rollinto “Jellyroll” for *  Rollinto “Jellyroll” for I
Mix material to current wound wound
Chemical processing carrier Cut & stack for pouch *  Cut & stack for pouch 1
Dry & capture vapors *  Introduce electrolyte 1
= E Use-L = E Use - L
nergy Use - Low Calendar nergy Use - Low . Seal 1
E Energy Use - Low E Energy Use - Low 1
- O S . S . . .. - O S S S S . . N . - - O . . - . I S S S S e e
. Cell Final Assy.
Current Collector Separator Pieces
* Alsheet * Separator sheet s Terminal
* CuSheet « Valve
[must be thin, clean, = Pouch or Can
) « Electrolyte

Key to Box Contents

Process Step Description Bill of Material for the
- ific process
| Seeficpre stes * Sub Campanent #1

+ sund I

Qualitative anargy use
Bevel far the step

* SubCompanent #3

Pack Integration
& Test

Formation & Test

Pack Final Assy. Pieces

Terminals & Connectors
Buss Bars & Cable

.

.

.

Housing
Thermal mgmt.
components

.

Electronics BOP Example

exposing
Developing
Cure

/

]

Combine matching
cells into modules
Integrate modules,
and other components
into complete pack
Test

= Charge cell electrically
= Hold for formation
time

. Energy Use -
Medium

Energy Use - Low

Image printing

UV expose
Etching
Striping

Press

R ey ey T

UV expose

Etching
Striping

[Packaging | <
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Workflow Process Used to Outline Pro Forma Cost

For each station determine:
* Material cost
*Tooling cost
* Capital equipment cost

) I
Inbound Station 1 Station 2 Station 3 Outbound
Inventory
- BOM Cost Manufacturing? Manufacturing? Manufacturing? In;entorv
- Space Assembly? Assembly? Assembly? _ 'CE‘:tce
Cost Testing? Testing? Testing?
4 J

For each station determine:
* Labor cost
*Energy cost
* Space cost (sf)
* Takt time (processing time)

Bill of Process (BOP) Exercise

The most difficult and complicated part of developing a process is beginning ~ A. B. Yehoshua

KEEP

CALM

AND TRUST THE

PROCESS
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