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Zone 6: Cooling Pack & HVAC 
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Disclaimers 

Legal Disclaimer: All company names, product names, and service names 

mentioned are used for identification purposes only and may be registered 

trademarks, trademarks, or service marks of their respective owners. All analyses 

are done without participation, authorization, or endorsement of the 

manufacturer.  Any cost analyses presented in this material are estimates prepared 

by Munro & Associates, Inc. from generally available data. Munro & Associates, Inc. 

believe these estimates reflect the probable costs. The actual producer did not 

supply the data, and therefore the actual costs may differ from these 

estimates. Furthermore, Munro & Associates, Inc. extends no warranties with 

respect to any information in this document, and shall bear no liability whatsoever 

for the use of the information. Copyright © 2015 Munro & Associates, Inc. All rights 

reserved. Do not reproduce, distribute, disseminate, photocopy, fax, transmit, 

download to a shared database, or otherwise copy, transfer, sell, publish, or send 

this material, or any portion thereof, by any means without the express written 

permission of Munro & Associates Inc. under penalty of law. 

Technical Disclaimer: The goal of this analysis is to establish a should cost value 

for manufacturing the vehicle and its sub-systems. These cost totals do not include 

tooling, Engineering Research and Development (ER&D), testing and calibration, 

logistics, or profit. Manufacturing process assumptions, such as manual assembly 

vs. automation or mold cavity numbers, were selected based on an annual volume 

of 20,000. 
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Design Profit® Process 

Parts 
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Processing 

• The Design Profit® Software is used to provide a detailed cost map analyzing every 

subassembly, part, operation, & tool in the manufacturing process. 

• The various symbols shown below are used in a hierarchical diagram to quantify & 

compare design and manufacturing efficiencies & costs. 
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Design Profit® Process 

Each symbol is created by 

filling out a properties window. 

Penalty conditions and other 

information related to the 

symbol are assigned, in order 

to calculate the effect of 

handling difficulties on 

assembly time. 
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Design Profit® Process 

Components to be 

Assembled 

Part to Fabricate 

Fabrication 

Operations 

Assembly Operations 
Above is a Design Profit cost map. The top horizontal line of 

symbols indicates the assemblies, parts, and assembly processes 

used to create the above parent assembly. Each of the symbols 

below a parent are analyzed in detail. Total costs are then rolled-up 

to the parent symbol. The vertical string of symbols on the left 

shows the details of each step and work cell in the fabrication 

process. The vertical string of symbols on the right shows the 

details of each step and work cell in the assembly process. 
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Assumptions 

The following assumptions were made for the cost analysis:  

• All processing was documented in the Design Profit software. 

• All raw material prices are based on quotes and published information. 

• All manufacturing processes include the man and machine to establish an 

hourly cost for the manufacturing work cell for each process and country utilized 

in creating the vehicle. These work cell rates are used along with calculation of 

cycle time to generate the process costs of components. Machine rates are 

developed through an internal model, accounting for all aspects of the primary 

and secondary equipment for the process. Operator rates are based on the 

specific country, and related industry labor rates. Adjustments are made for the 

number of operators in the workcell. 

• Common/basic components were costed as commodity items.  These included: 

bearings, seals, fasteners, and electronic components.  

• Bearings/Seals/Fasteners are compared to numerous costed bills of materials 

to establish a purchased price.  

• Electronic component costs are based on the costed bill of materials on hand, 

quote requests, and published information. Component pricing is run through 

trend lines to establish a cost for the appropriate targeted volumes. 

• Machining cycle times are calculated using operations based on speeds and 

feeds from the standard machinist handbook. 
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SG&A Calculations 

Sales, General, and Administration: 

• The SG&A mark-up used for commodity parts is a 

flat 3.0% typically used as a standard industry 

value. This mark-up accounts for the purchasing 

and handling of commodity parts. 

• The SG&A mark-up used for fabricated parts raw 

material and processing costs is a variable rate 

based on the technology level associated with the 

system. A table of the standard percentage mark-

ups is shown to the right. Low technology is 

typical of a system mostly consisting of simple 

parts, such as basic stampings and injection 

molded parts. High technology is typically a 

system with complex automated assembly, high 

tolerance machined parts, and complex electronic 

systems, or more standard processes applied to 

new applications. Cutting edge is typically a 

system that uses first to market application of an 

advanced technology. 

Technology 

Level 

SG&A   

Mark-Ups 

L
o

w
 

1 6.0% 

2 7.0% 

3 8.0% 

4 9.0% 

5 10.0% 

M
ed

iu
m

 

6 11.0% 

7 12.0% 

8 13.0% 

9 14.0% 

10 15.0% 

H
ig

h
 

11 16.0% 

12 17.0% 

13 18.0% 

14 19.0% 

15 20.0% 

C
u

tt
in

g
 E

d
g

e 16 21.0% 

17 22.0% 

18 23.0% 

19 24.0% 

20 25.0% 
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Quality Burden (Q Burden) is the additional cost carried by each good product unit, 

to account for the actions and materials used to correct defects in parts (as 

received or produced) or in production processes. Q Burden is a key component of 

the Cost of Quality and may be considered equivalent to failure costs. Q Burden 

reflects the variable cost of poor quality. The probability of a defect can be 

estimated from industry averages or can be based on company statistics. 

Q Burden is calculated by adding the incident and disposition costs for each defect 

and multiplying the sum by the probability of a defect occurrence. The incident is 

the set of actions that are taken immediately upon the discovery of a real or 

suspected defect. The disposition is the actions to deal with the defective 

production after the incident.  

Q Burden does not include: 

• Base overhead associated with the quality organization (the amount required to 

assure compliance with industry and customer standards) 

• Process documentation generally needed in order to communicate requirements 

and standards for production, inspection, and testing 

• Inspection and test equipment depreciation and consumables (unless needed for 

troubleshooting defective product) 

• Defect prevention activity (investment in new equipment, process improvement, 

mistake-proofing activities, redesign, lean/six sigma activities, etc.) 

16 

Defining Q Burden 
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Die Casting Estimates 

The die casting material costs and cycle 

times are calculated in an internal 

parametric based cost estimating sheet, 

and outputs are fed into Design Profit to 

develop final fabrication costs. Since die 

casting is a more material driven 

primary fabrication process, the cells to 

the right include general dimensional 

values and material selections. 
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Injection Molding Estimates 

The injection molding material costs and 

cycle times are calculated in an internal 

parametric based cost estimating sheet, 

and outputs are fed into Design Profit to 

develop final fabrication costs. Since 

injection molding is a more complex 

material driven primary fabrication 

process, the cells to the right include 

detailed dimensional values and 

material selections. 
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Stamping Estimates 

The stamping material costs and cycle 

times are calculated in an internal 

parametric based cost estimating sheet, 

and outputs are fed into Design Profit to 

develop final fabrication costs. Since 

stamping is a more machine driven 

primary fabrication process, the cells to 

the right include dimensional values 

related to stations operating in the 

press, along with material selections. 
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Zone Report Outline: 
• Zone Information 

– Zone Overview 

– Zone Executive Summary 

• Chapter Information 
– Chapter Overview 

– Eye Catching Features 

– Executive Summary 

– Repeating Series of Sets of Costing Detail Pages 
• Assembly Details (Set of 3 Pages) 

• Part Details (Set of 2 Pages) 

• Assembly Process (Set of 2 Pages) 

• Appendix Information 
– TechInsights Reports 

• Electronic Component Costing Details 

– Munro & Associates Wire Harness Reports 
• Wire Harness Costing Details 

 

• Zones and Chapters are meant to be similar in structure to a system and sub-system breakdown, 

however, they may or may not represent specific Original Equipment Manufacturer (OEM) organizations. 

For example, the Zone 7: Driveline contains the chapters for Motor, Gear Box and Half Shafts. 

20 

Description of Report Content 
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Data Overview 

At the beginning of each Zone 

report and beginning of each 

Chapter, there will be a 

Executive Summary page. 

This page provides the high 

level totals of the Zone or 

Chapter, based on the 

following detailed data. The 

upper part of the summary 

table shows typical metrics 

totaled from the assembly 

and fabrication processes, 

including part counts, 

operation counts, timing, and 

weights. The lower part of the 

table shows the total costs 

incurred from these 

processes. Executive Summary: Page 1 of 1 

– Executive Summaries 
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Data Overview – Assembly Details 

Assembly Details: Page 1 of 3 

As the report progresses 

through the breakdown 

hierarchy of the Chapter, 

when an assembly is 

analyzed, three detail pages 

will be provided. The first 

page, shown to the left, is a 

high level overview. The top 

left photo is the independent 

assembly, placed on a grid for 

a reference perspective. The 

bottom left photo is the 

assembly in location, once it 

is assembled to its parent 

assembly. The top right is a 

list of the parent assemblies 

of this assembly. The bottom 

right is a table summarizing 

total metrics and costs related 

to the completed assembly. 
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Data Overview – Assembly Details 

Assembly Details: Page 2 of 3 

The second assembly detail 

page, shown to the left, is the 

detailed breakdown of the 

totals for each line item within 

the current assembly. The line 

items within the breakdown 

will include assemblies, parts, 

and assembly processes. 

This makes these tables 

effectively a combined Bill of 

Materials (BOM) and Bill of 

Process (BOP) for that 

assembly. The top table 

provides the typical metrics 

totaled from the assembly 

and fabrication process of 

each line item. The bottom 

table provides the total costs 

incurred from these 

processes. 
• Note for large assemblies with many line items this 

page could become multiple pages. 
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Data Overview – Assembly Details 

Assembly Details: Page 3 of 3 

The third assembly detail 

page, shown to the left, is a 

detailed summary of the totals 

shown on the previous page. 

The upper part of the 

summary table shows typical 

metrics totaled from the 

assembly and fabrication 

process, including part 

counts, operation counts, 

timing, and weights. The 

lower part of the table shows 

the total costs incurred from 

these processes. 
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Data Overview – Part Details 

Part Details: Page 1 of 2 

As the report progresses 

through the breakdown 

hierarchy of the Chapter, 

when a part is analyzed, two 

detail pages will be provided. 

The first page, shown to the 

left, is a high level overview. 

The top left photo is the 

independent part, placed on a 

grid for a reference 

perspective. The bottom left 

photo is the part in location, 

once it is assembled to its 

parent assembly. The top 

right is a list of the parent 

assemblies of this part. The 

bottom right is a table 

summarizing total metrics and 

costs related to the completed 

part. 
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Data Overview – Part Details 

Part Details: Page 2 of 2 

The second part detail page, 

shown to the left, is the 

detailed breakdown of the 

totals for the raw materials 

and each process step to 

fabricate the part. The top 

table provides the typical 

fabrication process metrics 

and costs totaled for each 

step. The bottom table 

provides the total costs for 

raw material or purchased 

parts used in the fabrication 

process.  

• Note for complex parts with many steps this page 

could become multiple pages. 
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Data Overview – Assembly Process Details 

Assembly Process Details: Page 1 of 2 

As the report progresses 

through the breakdown 

hierarchy of the Chapter, 

when an assembly process is 

analyzed, two detail pages 

will be provided. The first 

page, shown to the left, is a 

high level overview. The top 

left are photos of the 

purchased parts utilized in the 

process, placed on a grid for 

a reference perspective. The 

bottom left photo is a view of 

the location, once the process 

is complete. The top right is a 

list of the parent assemblies 

of this process. The bottom 

right is a table summarizing 

total metrics and costs related 

to the process. 
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Data Overview – Assembly Process Details 

The second assembly 

process detail page, shown to 

the left, is the detailed 

breakdown of the totals for 

the purchased parts and each 

assembly process step. The 

top table provides the typical 

assembly process metrics 

and costs totaled for each 

step. The bottom table 

provides the total costs for 

purchased parts used in the 

assembly process. If a 

electronic component or wire 

harness are in the list of 

purchased parts, then this 

page will also have a link to 

the accompanying report in 

the Appendix. • Note for complex processes with many steps this 

page could become multiple pages. 

Assembly Process Details: Page 2 of 2 
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Interpreting Data 

Summary tables, include three 

metrics related to part count. 

The first metric, “Parts” is the 

total quantity of parts. The 

second metric, “Fasteners” is 

the total quantity of fasteners, 

within that total part count, 

meaning that the fasteners 

count is a sub-total of the parts 

count. The third metric, “Part 

Numbers” is the total unique 

part instances in the total part 

count (this includes numbers for 

both main parts and fasteners). 

– Part Counts 
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Interpreting Data – Operation Counts 

Summary tables, also include 

two metrics related to operation 

counts. The first “Steps”, is the 

total count of the operations 

required to complete an 

assembly, part, or assembly 

process. Operations counted in 

this total include handling of 

parts, movement of equipment 

or operators, handling of tools, 

fastenings of parts and 

assemblies, operations to add 

and remove material during the 

fabrication process, etc. The 

second “Fastenings” is the total 

count of the operations 

specifically related to fastenings 

components together, meaning 

that the fastening count is a 

sub-total of the steps count. 
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Interpreting Data – Fasteners vs. 
Fastenings 

Often it would be expected that 

the analysis would have the 

same number of fasteners to 

fastenings, however, that is not 

always the case. One scenario 

is shown to the right, where 

there are less fasteners, than 

fastenings. This is typical of 

welding operations or the 

application of sealant or 

adhesive, as there is not a 

standard bolt, nut, or clip to be 

counted as a fastener. A second 

scenario is where there are 

more fasteners, than fastenings. 

This is typical of a process that 

engages multiple fasteners at 

the same time, like a multi-head 

nut runner. 
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Interpreting Data – Right First Time 

Summary tables include “Right 

First Time” (RFT). This value 

states the probably that all the 

steps that total to this point in 

the process will be completed 

without an error. Naturally, as 

the number and complexity of 

steps required to complete the 

assembly, part, or assembly 

process increase, the RFT 

percentage will decrease. RFT 

is calculated using typical best-

in-class PPM values for incident 

rates. However, even with high 

Sigma level processes, as the 

steps count increases greatly, 

the RFT percentage will 

decrease greatly. 
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Interpreting Data – No Commodity Items in 
Assembly Process 

Some assembly processes will 

not require the use of 

commodity items in the process 

to fasten parts and assemblies. 

For example, the installation of 

the half shafts to the vehicle 

utilizes a press fit, and therefore 

does not require commodities, 

like bolts, nuts, or clips to fasten 

in place. When no commodities 

are required, the top left photos 

will be replaced with the 

standard statement shown on 

the left. Additionally there will be 

no weight or material cost / 

purchased parts cost present in 

the process summary. 
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Interpreting Data – Low Q Burden 

Some assembly and fabrication process steps that have few operations or 

operations with low PPMs of defects, will often display $0.00 in Q Burden. This 

is simply because the Q Burden value for that step in the process is less than 

one cent. However, this fraction of a cent of cost will be rolled-up to any parent 

part or assembly for these processes and added to its totals. 
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Cost Analysis 
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Zone 6 includes the powertrain cooling system and the 
passenger HVAC system. The cooling module located in 
the front of the vehicle includes a pair of heat exchangers 
one for cooling the electronics and range extender engine 
and the other is the AC condenser. The system also 
includes all plumbing and tubing for transfer fluids to there 
respective components. The HVAC  system includes the in 
cabin module with the typical components i.e. heater core 
AC evaporator, blower motor and various mode doors for 
air flow. The HVAC system also includes an electrical 
heating element for the heating system as the system 
does not use the engine coolant for heating. 

All major components were costed in detail, while prices 
were applied to commodity items (i.e. seals, fasteners, 
latches, and seat belts).  

Estimates are based on actual parts. 

Photos: Background on 100mm grid paper. 

Zone 6: Cooling Pack & HVAC Overview 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

37 

Zone 6: Cooling Pack & HVAC 

Summary 
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Cooling Pack Overview 

The cooling system of the i3 is a circulatory system for the 
range extender electrical machine and other high-voltage 
components cooling. Assembly and manufacturing details for 
the cooling system will be covered throughout the report.  

As the traditional BMW vehicle, the cooling module at the front 
of i3 is made up of the coolant-air heat exchanger , the electric 
fan and optional active air cooling flaps. Due to most of 
components  which should be cooled locate at the rear of 
vehicle, long feed and return lines connect the front cooling 
module to  these components such as range extender 
electrical machine, convenience charging electronics, 
electrical machine etc. The recirculation of the coolant is 
guaranteed using a electric coolant pump and similar to the 
cooling systems of current BMW vehicles with combustion 
engines, the control in the i3 is also affected depending on the 
cooling power requirement. This control is integrated in 
Electrical Digital Motor Electronics(EDME). If the air stream is 
insufficient for cooling the coolant in the radiator, the electric 
fan is also switched on by the EDME. The cross flow radiator 
uses flat tube-fin structure and the aluminum flat  tubes and 
corrugated thin belts are welded together by controlled 
atmosphere oven brazing. To enhance the heat dissipation 
capability, the belts are processed with fins and the flat tubes 
are manufactured as microchannel tubes through rolling form 
process. 

All major components were costed in detail, while prices were 
applied to commodity items (i.e. fasteners, seals, rivets, snap 
rings).  
Estimates are based on actual parts. 
Photos: Background on 100mm grid paper. 
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Description: 

Advantages: 

Eye Catching Features 

39 

• Condenser, radiator and electrical fan are integrated in one frame box. 
• Four isolators (2 upper and 2 lower) connect the front-end cooling module to the vehicle 

suspension to reduce noise and vibration level.  

• Reduce space utilization and fasteners, leading compact structure and better wiring layout for 
other systems and components 

• Specially designed isolators improve i3’s NVH performance and riding comfort 
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Description: 

Advantages: 

Eye Catching Features 

40 

• Controlled atmosphere brazing of aluminum (CAB) is the joining process for assembling 
aluminum condenser and radiator cores.  

• Flux is noncorrosive, requiring no post braze cleaning 
• Continuous flow for high volume throughput 
• Accepts a less demanding dimensional fit-up 
• Easy implementation for automatic production line layout and reduce assembly time 
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Description: 

Advantages: 

Eye Catching Features 

41 

• The tubes of condenser and radiator are aluminum multi-port extrusion. Due to large internal 
surface area, heat conduction efficiency is improved.  

• Light weight, good thermal and electrical conductivity 
• Outstanding pressure and corrosion resistance 
• Great shaping, bending performance and high recyclability 
• Easy layout for automatic extrusion line production 
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Observations: 

Eye Catching Features 

42 

• The usual connection between plastic 
tubes and hoses in coolant systems are 
used by different kinds of hose clamps, 
which is more efficient and economic 
way for manufacturing and assembly 
process and easier replacement when 
some sections are broken.  

• Over-molded plastic hoop on the 
interface between plastic tube and hose 
was found in the BMW i3 cooling lines. 
Even though this unusual connection is 
more reliable and better chemical 
resistant  than hose clamps, however,  
for the manufacturing and maintenance 
process, it is much more difficult and 
costly than hose clamps. Further, no 
matter which section tube is broken, it 
needs to replace whole tube line, not 
just for the broken section. 
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Description: 

Advantages: 

Eye Catching Features 
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• Double-pipe Internal Heat Exchanger is used for front refrigerant line of air conditioning system. 
• In the refrigeration cycle, the low-temperature gaseous refrigerant flows in the inner tube, and exchanges 

heat with the high-temperature liquid refrigerant flowing in the gap between the inner and outer tubes. 

• Integrate two pipes, which are separated in a conventional refrigeration cycle, into one pipe with 
inner and outer tubes and save the layout space. 

• Enhance heat exchange performance at the same power level. 
• Can easily be manufactured by extrusion process and reduce process steps and cost. 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Pack 

Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Air Duct Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Fan Air Duct Asm 
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Cooling Fan Air Duct Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Air Duct Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Cooling Fan Air Duct,Cooling Fan 
Air Duct As 

Process Summary 

    \... 

      \Cooling Fan Air Duct Asm 

        \Lower Cooling Fan Air Duct,Cooling Fan Air Duct As 

          \Lower Cooling Fan Air Duct Process 
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Lower Cooling Fan Air Duct,Cooling Fan 
Air Duct As 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Cooling Fan Air Duct,Cooling Fan 
Air Duct As 

Process Summary 

    \... 

      \Cooling Fan Air Duct Asm 

        \Upper Cooling Fan Air Duct,Cooling Fan Air Duct As 

          \Upper Cooling Fan Air Duct Process 
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Upper Cooling Fan Air Duct,Cooling Fan 
Air Duct As 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Cooling Fan Air Duct Installation 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Fan Air Duct Asm 

          \Upper Cooling Fan Air Duct Installation 
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Upper Cooling Fan Air Duct Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Intake, Cooling Fan Air Duct Asm 

Process Summary 

    \... 

      \Cooling Fan Air Duct Asm 

        \Intake, Cooling Fan Air Duct Asm 

          \Intake, Cooling Fan Air Duct Process 
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Intake, Cooling Fan Air Duct Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Intake, Cooling Fan Air Duct Installation 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Fan Air Duct Asm 

          \Intake, Cooling Fan Air Duct Installation 
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Intake, Cooling Fan Air Duct Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Shield, Cooling Fan Air Duct 

Process Summary 

    \... 

      \Cooling Fan Air Duct Asm 

        \Shield, Cooling Fan Air Duct 

          \Shield, Cooling Fan Air Duct Process 
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Shield, Cooling Fan Air Duct 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Air Shield Installation 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Fan Air Duct Asm 

          \Cooling Fan Air Shield Installation 
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Cooling Fan Air Shield Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Air Duct Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Fan Air Duct Installation 
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Cooling Fan Air Duct Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hot Bottle Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Coolant Hot Bottle Asm 
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Coolant Hot Bottle Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hot Bottle Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hot Bottle,Coolant Hot Bottle Asm 

Process Summary 

    \... 

      \Coolant Hot Bottle Asm 

        \Coolant Hot Bottle,Coolant Hot Bottle Asm 

          \Coolant Hot Bottle Process 
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Coolant Hot Bottle,Coolant Hot Bottle Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Coolant Hot Bottle Asm 

Process Summary 

    \... 

      \Cooling Pack 

        \Coolant Hot Bottle Asm 

          \Assemble Coolant Hot Bottle Asm 
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Assemble Coolant Hot Bottle Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hot Bottle Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Coolant Hot Bottle Installation 
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Coolant Hot Bottle Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Pack Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Asm 
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Cooling Pack Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Pack Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Module Asm, Cooling Pack Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Radiator Module Asm, Cooling Pack Asm 
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Radiator Module Asm, Cooling Pack Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Module Asm, Cooling Pack Asm 

Detailed Summary 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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DS Inlet Tube, Radiator Module Asm 

Process Summary 

    \... 

      \Radiator Module Asm, Cooling Pack Asm 

        \DS Inlet Tube, Radiator Module Asm 

          \DS Inlet Tube Process 
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DS Inlet Tube, Radiator Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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PS Outlet Tube, Radiator Module Asm 

Process Summary 

    \... 

      \Radiator Module Asm, Cooling Pack Asm 

        \PS Outlet Tube, Radiator Module Asm 

          \PS Outlet Tube Process 
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PS Outlet Tube, Radiator Module Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

83 

Seal,Radiator Module Asm 

Process Summary 

    \... 

      \Radiator Module Asm, Cooling Pack Asm 

        \Seal,Radiator Module Asm 

          \Seal Process 
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Seal,Radiator Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Core Asm,Radiator Module Asm 

Assembly Summary 

    \... 

      \Cooling Pack Asm 

        \Radiator Module Asm, Cooling Pack Asm 

          \Radiator Core Asm,Radiator Module Asm 
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Radiator Core Asm,Radiator Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Core Asm,Radiator Module Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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End Cap,Radiator Module Asm 

Process Summary 

    \... 

      \Radiator Core Asm,Radiator Module Asm 

        \End Cap,Radiator Module Asm 

          \End Cap Process 
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End Cap,Radiator Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Side Plate,Radiator Module Asm 

Process Summary 

    \... 

      \Radiator Core Asm,Radiator Module Asm 

        \Side Plate,Radiator Module Asm 

          \Side Plate Process 
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Side Plate,Radiator Module Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Cooling Fin,Radiator Module Asm 

Process Summary 

    \... 

      \Radiator Core Asm,Radiator Module Asm 

        \Radiator Cooling Fin,Radiator Module Asm 

          \Radiator Cooling Fin Process 
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Radiator Cooling Fin,Radiator Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Cooling Tube, Radiator Module 
Asm 

Process Summary 

    \... 

      \Radiator Core Asm,Radiator Module Asm 

        \Radiator Cooling Tube, Radiator Module Asm 

          \Radiator Cooling Tube Process 
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Radiator Cooling Tube, Radiator Module 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Radiator Core  

Process Summary 

    \... 

      \Radiator Module Asm, Cooling Pack Asm 

        \Radiator Core Asm,Radiator Module Asm 

          \Assemble Radiator Core  

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 97 

Assemble Radiator Core  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Radiator Module 

Process Summary 

    \... 

      \Cooling Pack Asm 

        \Radiator Module Asm, Cooling Pack Asm 

          \Assemble Radiator Module 
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Assemble Radiator Module 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

100 

Radiator Upper Cover Asm, Cooling Pack 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Radiator Upper Cover Asm, Cooling Pack Asm 
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Radiator Upper Cover Asm, Cooling Pack 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

102 

Radiator Upper Cover Asm, Cooling Pack 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Radiator Upper Cover, Cooling Pack Asm 

Process Summary 

    \... 

      \Radiator Upper Cover Asm, Cooling Pack Asm 

        \Radiator Upper Cover, Cooling Pack Asm 

          \Radiator Upper Cover Process 
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Radiator Upper Cover, Cooling Pack Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

105 

Assemble Labels on to the radiator Upper 
Cover 

Process Summary 

    \... 

      \Cooling Pack Asm 

        \Radiator Upper Cover Asm, Cooling Pack Asm 

          \Assemble Labels on to the radiator Upper Cover 
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Assemble Labels on to the radiator Upper 
Cover 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Radiator Upper Cover 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Assemble Radiator Upper Cover 
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Assemble Radiator Upper Cover 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Condenser Module Asm,Cooling Pack Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Condenser Module Asm,Cooling Pack Asm 
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Condenser Module Asm,Cooling Pack Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Condenser Module Asm,Cooling Pack Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Condenser Asm, Condenser Module Asm 

Assembly Summary 

    \... 

      \Cooling Pack Asm 

        \Condenser Module Asm,Cooling Pack Asm 

          \Condenser Asm, Condenser Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Condenser Asm, Condenser Module Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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DS End Cap Asm, Condenser Asm 

Assembly Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \Condenser Asm, Condenser Module Asm 

          \DS End Cap Asm, Condenser Asm 
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DS End Cap Asm, Condenser Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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DS End Cap Asm, Condenser Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Half U-Tube1,DS End Cap Asm 

Process Summary 

    \... 

      \DS End Cap Asm, Condenser Asm 

        \Half U-Tube1,DS End Cap Asm 

          \Half U-Tube1 Process 
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Half U-Tube1,DS End Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Half U-Tube2,DS End Cap Asm 

Process Summary 

    \... 

      \DS End Cap Asm, Condenser Asm 

        \Half U-Tube2,DS End Cap Asm 

          \Half U-Tube2 Process 
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Half U-Tube2,DS End Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Small U-Tube Cap,DS End Cap Asm 

Process Summary 

    \... 

      \DS End Cap Asm, Condenser Asm 

        \Small U-Tube Cap,DS End Cap Asm 

          \Small U-Tube Cap Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Bracket,DS End Cap Asm 

Process Summary 

    \... 

      \DS End Cap Asm, Condenser Asm 

        \Upper Bracket,DS End Cap Asm 

          \Upper Bracket Process 
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Upper Bracket,DS End Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Bracket,DS End Cap Asm 

Process Summary 

    \... 

      \DS End Cap Asm, Condenser Asm 

        \Lower Bracket,DS End Cap Asm 

          \Lower Bracket Process 
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Lower Bracket,DS End Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube Asm, DS End Cap Asm 

Assembly Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \DS End Cap Asm, Condenser Asm 

          \Connecting Tube Asm, DS End Cap Asm 
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Connecting Tube Asm, DS End Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube Asm, DS End Cap Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Block, Connecting Tube Asm 

Process Summary 

    \... 

      \Connecting Tube Asm, DS End Cap Asm 

        \Block, Connecting Tube Asm 

          \Block Process 
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Block, Connecting Tube Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Air Inlet Tube,Connecting Tube Asm 

Process Summary 

    \... 

      \Connecting Tube Asm, DS End Cap Asm 

        \Air Inlet Tube,Connecting Tube Asm 

          \Air Inlet Tube Process 
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Air Inlet Tube,Connecting Tube Asm 
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Condensate Outlet Tube, Connecting Tube 
Asm 

Process Summary 

    \... 

      \Connecting Tube Asm, DS End Cap Asm 

        \Condensate Outlet Tube, Connecting Tube Asm 

          \Condensate Outlet Tube Process 
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Condensate Outlet Tube, Connecting Tube 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connecting Tube  

Process Summary 

    \... 

      \DS End Cap Asm, Condenser Asm 

        \Connecting Tube Asm, DS End Cap Asm 

          \Assemble Connecting Tube  
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** Includes material cost and purchased parts cost 
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Assemble DS End Cap 

Process Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \DS End Cap Asm, Condenser Asm 

          \Assemble DS End Cap 
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** Includes material cost and purchased parts cost 
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PS End Cap Asm, Condenser Asm 

Assembly Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \Condenser Asm, Condenser Module Asm 

          \PS End Cap Asm, Condenser Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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PS End Cap Asm, Condenser Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Half U-Tube1,PS End Cap Asm 

Process Summary 

    \... 

      \PS End Cap Asm, Condenser Asm 

        \Half U-Tube1,PS End Cap Asm 

          \Half U-Tube1 Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Half U-Tube2,PS End Cap Asm 

Process Summary 

    \... 

      \PS End Cap Asm, Condenser Asm 

        \Half U-Tube2,PS End Cap Asm 

          \Half U-Tube2 Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Small U-Tube Cap,PS End Cap Asm 

Process Summary 

    \... 

      \PS End Cap Asm, Condenser Asm 

        \Small U-Tube Cap,PS End Cap Asm 

          \Small U-Tube Cap Process 
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** Includes material cost and purchased parts cost 
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Upper Bracket,PS End Cap Asm 

Process Summary 

    \... 

      \PS End Cap Asm, Condenser Asm 

        \Upper Bracket,PS End Cap Asm 

          \Upper Bracket Process 
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Upper Bracket,PS End Cap Asm 
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Lower Bracket,PS End Cap Asm 

Process Summary 

    \... 

      \PS End Cap Asm, Condenser Asm 

        \Lower Bracket,PS End Cap Asm 

          \Lower Bracket Process 
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** Includes material cost and purchased parts cost 
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Drier Unit Connector Asm, Right End Cap 
Asm 

Assembly Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \PS End Cap Asm, Condenser Asm 

          \Drier Unit Connector Asm, Right End Cap Asm 
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Drier Unit Connector Asm, Right End Cap 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Drier Unit Connector Asm, Right End Cap 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Block,Drier Unit Connector Asm 

Process Summary 

    \... 

      \Drier Unit Connector Asm, Right End Cap Asm 

        \Block,Drier Unit Connector Asm 

          \Drier Unit Connector Process 
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Block,Drier Unit Connector Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Tiny Tube,Drier Unit Connector Asm 

Process Summary 

    \... 

      \Drier Unit Connector Asm, Right End Cap Asm 

        \Tiny Tube,Drier Unit Connector Asm 

          \Tiny Tube Process 
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Assemble Drier Unit Connector 

Process Summary 

    \... 

      \PS End Cap Asm, Condenser Asm 

        \Drier Unit Connector Asm, Right End Cap Asm 

          \Assemble Drier Unit Connector 
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Assemble Drier Unit Connector 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Right End Cap 

Process Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \PS End Cap Asm, Condenser Asm 

          \Assemble Right End Cap 
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Assemble Right End Cap 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Condenser Cooling Fin,Condenser Asm 

Process Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \Condenser Cooling Fin,Condenser Asm 

          \Condenser Cooling Fin Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 166 

Condenser Cooling Fin,Condenser Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

167 

Condenser Multi-Channel Cooling 
Tube,Condenser Asm 

Process Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \Condenser Multi-Channel Cooling Tube,Condenser 

Asm           \Condenser Multi-Channel Cooling Tube Process 
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Condenser Multi-Channel Cooling 
Tube,Condenser Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Condenser Side Cooling Tube, Condenser 
Asm 

Process Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \Condenser Side Cooling Tube, Condenser Asm 

          \Condenser Side Cooling Tube Process 
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Condenser Side Cooling Tube, Condenser 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Condenser 

Process Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \Condenser Asm, Condenser Module Asm 

          \Assemble Condenser 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plastic Bracket, Condenser Asm 

Process Summary 

    \... 

      \Condenser Asm, Condenser Module Asm 

        \Plastic Bracket, Condenser Asm 

          \Plastic Bracket Processing 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Drier Unit 

Process Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \Condenser Asm, Condenser Module Asm 

          \Assemble Drier Unit 
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Assemble Drier Unit 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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DS Cover Asm, Condenser Module Asm 

Assembly Summary 

    \... 

      \Cooling Pack Asm 

        \Condenser Module Asm,Cooling Pack Asm 

          \DS Cover Asm, Condenser Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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DS Cover Asm, Condenser Module Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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DS Cover, DS Cover Asm 

Process Summary 

    \... 

      \DS Cover Asm, Condenser Module Asm 

        \DS Cover, DS Cover Asm 

          \Left Cover Process 
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DS Cover, DS Cover Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Label 

Process Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \DS Cover Asm, Condenser Module Asm 

          \Assemble Label 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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PS Cover Asm, Condenser Module Asm 

Assembly Summary 

    \... 

      \Cooling Pack Asm 

        \Condenser Module Asm,Cooling Pack Asm 

          \PS Cover Asm, Condenser Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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PS Cover Asm, Condenser Module Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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PS Cover, Condenser Module Asm 

Process Summary 

    \... 

      \PS Cover Asm, Condenser Module Asm 

        \PS Cover, Condenser Module Asm 

          \Right Cover Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Label 

Process Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \PS Cover Asm, Condenser Module Asm 

          \Assemble Label 
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Assemble Label 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Cover, Condenser Module Asm 

Assembly Summary 

    \... 

      \Cooling Pack Asm 

        \Condenser Module Asm,Cooling Pack Asm 

          \Lower Cover, Condenser Module Asm 
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Lower Cover, Condenser Module Asm 
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Lower Cover, Condenser Module Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Cover, Condenser Module Asm 

Process Summary 

    \... 

      \Lower Cover, Condenser Module Asm 

        \Lower Cover, Condenser Module Asm 

          \Lower Cover Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 195 

Lower Cover, Condenser Module Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Label 

Process Summary 

    \... 

      \Condenser Module Asm,Cooling Pack Asm 

        \Lower Cover, Condenser Module Asm 

          \Assemble Label 
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Assemble Label 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Condenser Module 

Process Summary 

    \... 

      \Cooling Pack Asm 

        \Condenser Module Asm,Cooling Pack Asm 

          \Assemble Condenser Module 
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Assemble Condenser Module 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Condenser Module Asm to 
Cooling Pack 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Assemble Condenser Module Asm to Cooling Pack 
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Assemble Condenser Module Asm to 
Cooling Pack 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Cooling Fan Asm, Cooling Pack Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Cooling Fan Asm, Cooling Pack Asm 
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Cooling Fan Asm, Cooling Pack Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Asm, Cooling Pack Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Shroud Asm, Cooling Fan 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack Asm 

        \Cooling Fan Asm, Cooling Pack Asm 

          \Cooling Fan Shroud Asm, Cooling Fan Asm 
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Cooling Fan Shroud Asm, Cooling Fan 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Cooling Fan Shroud Asm, Cooling Fan 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cooling Fan Shroud, Cooling Fan Shroud 
Asm 

Process Summary 

    \... 

      \Cooling Fan Shroud Asm, Cooling Fan Asm 

        \Cooling Fan Shroud, Cooling Fan Shroud Asm 

          \Cooling Fan Shroud Process 
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Cooling Fan Shroud, Cooling Fan Shroud 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble  Labels 

Process Summary 

    \... 

      \Cooling Fan Asm, Cooling Pack Asm 

        \Cooling Fan Shroud Asm, Cooling Fan Asm 

          \Assemble  Labels 
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Assemble  Labels 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Fan DC Motor to Shroud 

Process Summary 

    \... 

      \Cooling Pack Asm 

        \Cooling Fan Asm, Cooling Pack Asm 

          \Assemble Fan DC Motor to Shroud 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Fan Blade, Cooling Fan Asm 

Process Summary 

    \... 

      \Cooling Fan Asm, Cooling Pack Asm 

        \Fan Blade, Cooling Fan Asm 

          \Fan Blade process 
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Assemble Fan Blade 

Process Summary 

    \... 

      \Cooling Pack Asm 

        \Cooling Fan Asm, Cooling Pack Asm 

          \Assemble Fan Blade 
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Assemble Cooling Fan 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Assemble Cooling Fan 
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Cooling Pack Upper Isolator Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Cooling Pack Upper Isolator Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 221 
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Cooling Pack Upper Isolator Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Isolator Housing, Cooling Pack 
Upper Isolato 

Process Summary 

    \... 

      \Cooling Pack Upper Isolator Asm 

        \Upper Isolator Housing, Cooling Pack Upper Isolato 

          \Upper Isolator Housing Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Upper Isolator, Cooling Pack Upper 
Isolator Asm 

Process Summary 

    \... 

      \Cooling Pack Upper Isolator Asm 

        \Upper Isolator, Cooling Pack Upper Isolator Asm 

          \Upper Isolator Process 
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Upper Isolator, Cooling Pack Upper 
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Buffer Block, Cooling Pack Upper Isolator 
Asm 

Process Summary 

    \... 

      \Cooling Pack Upper Isolator Asm 

        \Buffer Block, Cooling Pack Upper Isolator Asm 

          \Buffer Block Process 
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Assemble Cooling Pack Upper Isolator 

Process Summary 

    \... 

      \Cooling Pack Asm 
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Assemble Cooling Pack Upper Isolator to 
Pack 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Asm 

          \Assemble Cooling Pack Upper Isolator to Pack 
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Cooling Pack Lower Isolator Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Lower Isolator Asm 
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Cooling Pack Lower Isolator Asm 

Detailed Summary 
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Plastic Connector, Cooling Pack Lower 
Isolator Asm 

Process Summary 

    \... 

      \Cooling Pack Lower Isolator Asm 

        \Plastic Connector, Cooling Pack Lower Isolator Asm 

          \Plastic Connector Process 
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Isolator,Cooling Pack Lower Isolator Asm 

Process Summary 

    \... 

      \Cooling Pack Lower Isolator Asm 

        \Isolator,Cooling Pack Lower Isolator Asm 

          \Plastic Connector Process 
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Assemble Cooling Pack Lower Isolator 
Asm 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Lower Isolator Asm 

          \Assemble Cooling Pack Lower Isolator Asm 
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Assemble Cooling Pack Lower Isolator 
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Cooling Pack Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Installation 
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Cooling Pack Line Bundle Passenger Side 
Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Line Bundle Passenger Side Asm 
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Cooling Pack Line Bundle Passenger Side 
Asm 

Detailed Summary 
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Combination Bracket Asm,Cooling Pack 
Bundle Brkt 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Passenger Side Asm 

          \Combination Bracket Asm,Cooling Pack Bundle Brkt 
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Combination Bracket Asm,Cooling Pack 
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Combination Bracket Asm,Cooling Pack 
Bundle Brkt 

Detailed Summary 
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Metal Bracket Asm,Combination Bracket 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Combination Bracket Asm,Cooling Pack Bundle Brkt 

          \Metal Bracket Asm,Combination Bracket Asm 
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Metal Bracket Asm,Combination Bracket 
Asm 

Detailed Summary 
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Bracket,Bracket Asm 

Process Summary 

    \... 

      \Metal Bracket Asm,Combination Bracket Asm 

        \Bracket,Bracket Asm 

          \Bracket Process 
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Assemble Bracket 

Process Summary 

    \... 

      \Combination Bracket Asm,Cooling Pack Bundle Brkt 

        \Metal Bracket Asm,Combination Bracket Asm 

          \Assemble Bracket 
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Double Line Clip Asm,Combination 
Bracket Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Combination Bracket Asm,Cooling Pack Bundle Brkt 

          \Double Line Clip Asm,Combination Bracket Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 258 

Double Line Clip Asm,Combination 
Bracket Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

259 

Double Line Clip Asm,Combination 
Bracket Asm 

Detailed Summary 
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Double Line Clip,Double line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Combination Bracket Asm 

        \Double Line Clip,Double line Clip Asm 

          \Double Line Clip Process 
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Isolator 1,Double Line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Combination Bracket Asm 

        \Isolator 1,Double Line Clip Asm 

          \Isolator 1 Process 
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Isolator 2,Double Line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Combination Bracket Asm 

        \Isolator 2,Double Line Clip Asm 

          \Isolator 2 Process 
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Assemble Double Line Clip Asm 

Process Summary 

    \... 

      \Combination Bracket Asm,Cooling Pack Bundle Brkt 

        \Double Line Clip Asm,Combination Bracket Asm 

          \Assemble Double Line Clip Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 267 

Assemble Double Line Clip Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

268 

Assemble Cooling Pack Bracket PS Asm 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Combination Bracket Asm,Cooling Pack Bundle Brkt 

          \Assemble Cooling Pack Bracket PS Asm 
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Pressure Pipe Asm,Cooling Pack Line 
Bundle Passen 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Passenger Side Asm 

          \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 
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Pressure Pipe Asm,Cooling Pack Line 
Bundle Passen 

Detailed Summary 
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** Includes material cost and purchased parts cost 

273 

Connector 1 Asm,Pressure Pine Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

          \Connector 1 Asm,Pressure Pine Asm 
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Connector 1 Asm,Pressure Pine Asm 

Detailed Summary 
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Connecting Block,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Pressure Pine Asm 

        \Connecting Block,Connector 1 Asm 

          \Connecting Block Process 
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End Cap,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Pressure Pine Asm 

        \End Cap,Connector 1 Asm 

          \End Cap Process 
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Assemble Connector 1 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \Connector 1 Asm,Pressure Pine Asm 

          \Assemble Connector 1 
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Short Tube Asm, Pressure Pipe Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

          \Short Tube Asm, Pressure Pipe Asm 
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Short Tube Asm, Pressure Pipe Asm 

Detailed Summary 
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Short Tube,Pressure Pipe Asm 

Process Summary 

    \... 

      \Short Tube Asm, Pressure Pipe Asm 

        \Short Tube,Pressure Pipe Asm 

          \Short Tube Process 
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Hose Crimp Fitting, Hose Tube Asm 

Process Summary 

    \... 

      \Short Tube Asm, Pressure Pipe Asm 

        \Hose Crimp Fitting, Hose Tube Asm 

          \Hose Crimp Fitting Process 
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Assemble Hose Crimp Fitting 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \Short Tube Asm, Pressure Pipe Asm 

          \Assemble Hose Crimp Fitting 
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14mm Wrapped Hose, Hose Tube Asm 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \14mm Wrapped Hose, Hose Tube Asm 

          \14mm Wrapped Hose Process 
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Long Tube Asm,Pressure Pipe Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

          \Long Tube Asm,Pressure Pipe Asm 
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Long Tube Asm,Pressure Pipe Asm 

Detailed Summary 
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Long Tube, Long Tube Asm 

Process Summary 

    \... 

      \Long Tube Asm,Pressure Pipe Asm 

        \Long Tube, Long Tube Asm 

          \Long Tube Process 
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Assemble, Tube & Heat Shrink 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \Long Tube Asm,Pressure Pipe Asm 

          \Assemble, Tube & Heat Shrink 
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Assemble, Tube & Heat Shrink 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

300 

Hose Crimp Fitting, Hose Tube Asm 

Process Summary 

    \... 

      \Long Tube Asm,Pressure Pipe Asm 

        \Hose Crimp Fitting, Hose Tube Asm 

          \Hose Crimp Fitting Process 
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Assemble Hose Crimp Fitting 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \Long Tube Asm,Pressure Pipe Asm 

          \Assemble Hose Crimp Fitting 
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Connector 2,Pressure Pipe Asm 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \Connector 2,Pressure Pipe Asm 

          \Connector 2 Process 
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Tube Isolator,Pressure Pipe Asm 

Process Summary 

    \... 

      \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

        \Tube Isolator,Pressure Pipe Asm 

          \Tube Isolator Process 
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Assemble Pressure Pipe 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Pressure Pipe Asm,Cooling Pack Line Bundle Passen 

          \Assemble Pressure Pipe 
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Suction Pipe Asm,Cooling Pack Line 
Bundle Passenge 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Passenger Side Asm 

          \Suction Pipe Asm,Cooling Pack Line Bundle 

Passenge 
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Suction Pipe Asm,Cooling Pack Line 
Bundle Passenge 

Detailed Summary 
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Connector 1 Asm,Suction Pipe Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

          \Connector 1 Asm,Suction Pipe Asm 
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Connector 1 Asm,Suction Pipe Asm 

Detailed Summary 
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Connecting Block,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Suction Pipe Asm 

        \Connecting Block,Connector 2 Asm 

          \Connecting Block Process 
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Sealing Ring,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Suction Pipe Asm 

        \Sealing Ring,Connector 2 Asm 

          \Sealing Ring Process 
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** Includes material cost and purchased parts cost 

320 

Assemble Connector 1 

Process Summary 

    \... 

      \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

        \Connector 1 Asm,Suction Pipe Asm 

          \Assemble Connector 1 
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** Includes material cost and purchased parts cost 
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Long Tube,Suction Pipe Asm 

Process Summary 

    \... 

      \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

        \Long Tube,Suction Pipe Asm 

          \Long Tube Process 
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Double Line Clip Asm,Suction Pipe Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

          \Double Line Clip Asm,Suction Pipe Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Double Line Clip Asm,Suction Pipe Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Double Line Clip,Double line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Suction Pipe Asm 

        \Double Line Clip,Double line Clip Asm 

          \Double Line Clip Process 
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Isolator 1,Double Line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Suction Pipe Asm 

        \Isolator 1,Double Line Clip Asm 

          \Isolator 1 Process 
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Isolator 2,Double Line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Suction Pipe Asm 

        \Isolator 2,Double Line Clip Asm 

          \Isolator 2 Process 
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Assemble Double Line Clip Asm 

Process Summary 

    \... 

      \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

        \Double Line Clip Asm,Suction Pipe Asm 

          \Assemble Double Line Clip Asm 
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Connector 2,Suction Pipe Asm 

Process Summary 

    \... 

      \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

        \Connector 2,Suction Pipe Asm 

          \Connector 2 Process 
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Assemble Suction Pipe 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Suction Pipe Asm,Cooling Pack Line Bundle Passenge 

          \Assemble Suction Pipe 
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Compressor Suction Pipe Asm,Cooling 
Pack Line Bund 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Passenger Side Asm 

          \Compressor Suction Pipe Asm,Cooling Pack Line 

Bund 
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Compressor Suction Pipe Asm,Cooling 
Pack Line Bund 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 1 Asm,Compressor Suction 
Pipe Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

          \Connector 1 Asm,Compressor Suction Pipe Asm 
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Connector 1 Asm,Compressor Suction 
Pipe Asm 

Detailed Summary 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 
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Connecting Block,Connector 3 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Compressor Suction Pipe Asm 

        \Connecting Block,Connector 3 Asm 

          \Connecting Block Process 
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Sealing Ring,Connector 3 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Compressor Suction Pipe Asm 

        \Sealing Ring,Connector 3 Asm 

          \Sealing Ring Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 1 

Process Summary 

    \... 

      \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

        \Connector 1 Asm,Compressor Suction Pipe Asm 

          \Assemble Connector 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Long Tube,Compressor Suction Pipe Asm 

Process Summary 

    \... 

      \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

        \Long Tube,Compressor Suction Pipe Asm 

          \Long Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

353 

Double Line Clip Asm,Compressor Suction 
Pipe Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

          \Double Line Clip Asm,Compressor Suction Pipe Asm 
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Double Line Clip Asm,Compressor Suction 
Pipe Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Double Line Clip Asm,Compressor Suction 
Pipe Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Double Line Clip,Double line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Compressor Suction Pipe Asm 

        \Double Line Clip,Double line Clip Asm 

          \Double Line Clip Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Isolator 1,Double Line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Compressor Suction Pipe Asm 

        \Isolator 1,Double Line Clip Asm 

          \Isolator 1 Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Isolator 2,Double Line Clip Asm 

Process Summary 

    \... 

      \Double Line Clip Asm,Compressor Suction Pipe Asm 

        \Isolator 2,Double Line Clip Asm 

          \Isolator 2 Process 
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** Includes material cost and purchased parts cost 
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Assemble Double Line Clip Asm 

Process Summary 

    \... 

      \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

        \Double Line Clip Asm,Compressor Suction Pipe Asm 

          \Assemble Double Line Clip Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 2,Cooling Tube 3 Asm 

Process Summary 

    \... 

      \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

        \Connector 2,Cooling Tube 3 Asm 

          \Connector 2 Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Assemble Compressor Suction Pipe 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Compressor Suction Pipe Asm,Cooling Pack Line Bund 

          \Assemble Compressor Suction Pipe 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

368 

Coolant Feed Line Asm, Cooling Pack Line 
Bundle Pa 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Passenger Side Asm 

          \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 
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Coolant Feed Line Asm, Cooling Pack Line 
Bundle Pa 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bending Refrigerant Return Pipe 
Asm,Coolant Feed L 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

          \Bending Refrigerant Return Pipe Asm,Coolant Feed L 
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** Includes material cost and purchased parts cost 
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Bending Refrigerant Return Pipe 
Asm,Coolant Feed L 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plastic Tube,Bending Tube Asm 

Process Summary 

    \... 

      \Bending Refrigerant Return Pipe Asm,Coolant Feed L 

        \Plastic Tube,Bending Tube Asm 

          \Plastic Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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26mm-ID Hose,Bending Refrigerant Return 
Pi 

Process Summary 

    \... 

      \Bending Refrigerant Return Pipe Asm,Coolant Feed L 

        \26mm-ID Hose,Bending Refrigerant Return Pi 

          \26mm-ID Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Assemble Bending Tube  

Process Summary 

    \... 

      \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

        \Bending Refrigerant Return Pipe Asm,Coolant Feed L 

          \Assemble Bending Tube  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Straight Tube Asm,Coolant Feed Line Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

          \Straight Tube Asm,Coolant Feed Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Straight Tube Asm,Coolant Feed Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

383 

Straight Tube,Straight Tube Asm 

Process Summary 

    \... 

      \Straight Tube Asm,Coolant Feed Line Asm 

        \Straight Tube,Straight Tube Asm 

          \Straight Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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End Connector,Straight Tube Asm 

Process Summary 

    \... 

      \Straight Tube Asm,Coolant Feed Line Asm 

        \End Connector,Straight Tube Asm 

          \End Connector Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Rubber Tube Sleeve,Straight Tube Asm 

Process Summary 

    \... 

      \Straight Tube Asm,Coolant Feed Line Asm 

        \Rubber Tube Sleeve,Straight Tube Asm 

          \Straight Tube Process 
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Assemble Straight Tube 

Process Summary 

    \... 

      \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

        \Straight Tube Asm,Coolant Feed Line Asm 

          \Assemble Straight Tube 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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22mm-ID Short Hose,Coolant Feed Line 
Asm 

Process Summary 

    \... 

      \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

        \22mm-ID Short Hose,Coolant Feed Line Asm 

          \22mm-ID Short Hose Process 
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End Connector Asm, Coolant Feed Line 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

          \End Connector Asm, Coolant Feed Line Asm 
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End Connector Asm, Coolant Feed Line 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connector,End Connector Asm 

Process Summary 

    \... 

      \End Connector Asm, Coolant Feed Line Asm 

        \Connector,End Connector Asm 

          \Connector Process 
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Assemble Connector 

Process Summary 

    \... 

      \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

        \End Connector Asm, Coolant Feed Line Asm 

          \Assemble Connector 
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ID-30mm Tube Isolator,Coolant Feed Line 
Asm 

Process Summary 

    \... 

      \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

        \ID-30mm Tube Isolator,Coolant Feed Line Asm 

          \Tube Isolator Process 
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Assemble Coolant Feed Line 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Passenger Side Asm 

        \Coolant Feed Line Asm, Cooling Pack Line Bundle Pa 

          \Assemble Coolant Feed Line 
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Assemble Cooling Pack Bundle  
Passenger Side Asm 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Passenger Side Asm 

          \Assemble Cooling Pack Bundle  Passenger Side Asm 
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Cooling Pack Line Bundle Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Line Bundle Installation 
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Lower Radiator Hose Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Lower Radiator Hose Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Radiator Hose Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

411 

30 Degree End Connector Asm,Lower 
Radiator Hose As 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Lower Radiator Hose Asm 

          \30 Degree End Connector Asm,Lower Radiator Hose 

As 
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30 Degree End Connector Asm,Lower 
Radiator Hose As 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

413 

30 Degree End Connector Asm,Lower 
Radiator Hose As 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

414 

Connector,30 Degree End Connector Asm 

Process Summary 

    \... 

      \30 Degree End Connector Asm,Lower Radiator Hose As 

        \Connector,30 Degree End Connector Asm 

          \Connector Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

416 

Assemble 30 Degree End Connector 

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \30 Degree End Connector Asm,Lower Radiator Hose 

As           \Assemble 30 Degree End Connector 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

418 

Short 32mm-ID Hose,Lower Radiator Hose 
Asm 

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \Short 32mm-ID Hose,Lower Radiator Hose Asm 

          \Short 32mm-ID Hose Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 419 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

420 

Middle Connector,Lower Radiator Hose 
Asm 

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \Middle Connector,Lower Radiator Hose Asm 

          \End Connector 1 Process 
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Middle Connector,Lower Radiator Hose 
Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

422 

29mm-ID Hose Asm,Lower Radiator Hose 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Lower Radiator Hose Asm 

          \29mm-ID Hose Asm,Lower Radiator Hose Asm 
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Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

424 

29mm-ID Hose Asm,Lower Radiator Hose 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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29mm-ID Hose,29mm-ID Hose Asm 

Process Summary 

    \... 

      \29mm-ID Hose Asm,Lower Radiator Hose Asm 

        \29mm-ID Hose,29mm-ID Hose Asm 

          \29mm-ID Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

427 

Assemble 30mm-ID Hose  

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \29mm-ID Hose Asm,Lower Radiator Hose Asm 

          \Assemble 30mm-ID Hose  
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Assemble 30mm-ID Hose  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

429 

End Straight Connector Asm,Lower 
Radiator Hose Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Lower Radiator Hose Asm 

          \End Straight Connector Asm,Lower Radiator Hose 

Asm 
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End Straight Connector Asm,Lower 
Radiator Hose Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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End Straight Connector Asm,Lower 
Radiator Hose Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

432 

Straight Connector,End Straight Connector 
Asm 

Process Summary 

    \... 

      \End Straight Connector Asm,Lower Radiator Hose Asm 

        \Straight Connector,End Straight Connector Asm 

          \Straight Connector Process 
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Straight Connector,End Straight Connector 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

434 

Assemble End Straight Connector 

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \End Straight Connector Asm,Lower Radiator Hose Asm 

          \Assemble End Straight Connector 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

436 

Branch Hose Asm,Lower Radiator Hose 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Lower Radiator Hose Asm 

          \Branch Hose Asm,Lower Radiator Hose Asm 
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Branch Hose Asm,Lower Radiator Hose 
Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

438 

Branch Hose Asm,Lower Radiator Hose 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

439 

17mm-ID Branch Hose,Branch Hose Asm 

Process Summary 

    \... 

      \Branch Hose Asm,Lower Radiator Hose Asm 

        \17mm-ID Branch Hose,Branch Hose Asm 

          \17mm-ID Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

441 

Assemble Branch Hose  

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \Branch Hose Asm,Lower Radiator Hose Asm 

          \Assemble Branch Hose  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

443 

Branch 90 Degree Connector Asm,Lower 
Radiator Hose 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Lower Radiator Hose Asm 

          \Branch 90 Degree Connector Asm,Lower Radiator 

Hose 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Branch 90 Degree Connector Asm,Lower 
Radiator Hose 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

446 

90 Degree Connector,Branch End 
Connector Asm 

Process Summary 

    \... 

      \Branch 90 Degree Connector Asm,Lower Radiator Hose 

        \90 Degree Connector,Branch End Connector Asm 

          \90 Degree Connector Process 
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90 Degree Connector,Branch End 
Connector Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

448 

Assemble Branch 90 Degree Connector 

Process Summary 

    \... 

      \Lower Radiator Hose Asm 

        \Branch 90 Degree Connector Asm,Lower Radiator 

Hose           \Assemble Branch 90 Degree Connector 
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Assemble Branch 90 Degree Connector 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

450 

Assemble Lower Radiator Hose 

Process Summary 

    \... 

      \Cooling Pack 

        \Lower Radiator Hose Asm 

          \Assemble Lower Radiator Hose 
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Assemble Lower Radiator Hose 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

452 

Lower Radiator Hose Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Lower Radiator Hose Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

454 

Cooling Pack Bundle Bracket Driver Side 
Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Bundle Bracket Driver Side Asm 
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Cooling Pack Bundle Bracket Driver Side 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

456 

Cooling Pack Bundle Bracket Driver Side 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

457 

Bracket,Cooling Pack Line Bundle Bracket 
DS Asm 

Process Summary 

    \... 

      \Cooling Pack Bundle Bracket Driver Side Asm 

        \Bracket,Cooling Pack Line Bundle Bracket DS Asm 

          \Bracket Process 
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Bracket,Cooling Pack Line Bundle Bracket 
DS Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

459 

Assemble Bracket 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Bundle Bracket Driver Side Asm 

          \Assemble Bracket 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

461 

Cooling Pack Bundle Bracket DS 
Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Bundle Bracket DS Installation 
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Cooling Pack Bundle Bracket DS 
Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

463 

Cooling Pack Line Bundle Driver Side Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Line Bundle Driver Side Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

465 

Cooling Pack Line Bundle Driver Side Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

466 

Bending Tube Asm,Coolant Pack Line 
Bundle Driver S 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Driver Side Asm 

          \Bending Tube Asm,Coolant Pack Line Bundle Driver S 
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Bending Tube Asm,Coolant Pack Line 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bending Tube Asm,Coolant Pack Line 
Bundle Driver S 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

469 

Plastic Tube,Bending Tube Asm 

Process Summary 

    \... 

      \Bending Tube Asm,Coolant Pack Line Bundle Driver S 

        \Plastic Tube,Bending Tube Asm 

          \Plastic Tube Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 470 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

471 

26mm-ID Hose,Bending Tube Asm 

Process Summary 

    \... 

      \Bending Tube Asm,Coolant Pack Line Bundle Driver S 

        \26mm-ID Hose,Bending Tube Asm 

          \26mm-ID Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

473 

Assemble Bending Tube  

Process Summary 

    \... 

      \Cooling Pack Line Bundle Driver Side Asm 

        \Bending Tube Asm,Coolant Pack Line Bundle Driver S 

          \Assemble Bending Tube  
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Assemble Bending Tube  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

475 

Straight Tube Asm,Cooling Pack line 
Bundle Driver  

Assembly Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Driver Side Asm 

          \Straight Tube Asm,Cooling Pack line Bundle Driver  
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Straight Tube Asm,Cooling Pack line 
Bundle Driver  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Straight Tube Asm,Cooling Pack line 
Bundle Driver  

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

478 

Straight Tube,Straight Tube Asm 

Process Summary 

    \... 

      \Straight Tube Asm,Cooling Pack line Bundle Driver  

        \Straight Tube,Straight Tube Asm 

          \Straight Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

480 

End Connector,Straight Tube Asm 

Process Summary 

    \... 

      \Straight Tube Asm,Cooling Pack line Bundle Driver  

        \End Connector,Straight Tube Asm 

          \End Connector Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Rubber Tube Sleeve,Straight Tube Asm 

Process Summary 

    \... 

      \Straight Tube Asm,Cooling Pack line Bundle Driver  

        \Rubber Tube Sleeve,Straight Tube Asm 

          \Straight Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

484 

Assemble Straight Tube 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Driver Side Asm 

        \Straight Tube Asm,Cooling Pack line Bundle Driver  

          \Assemble Straight Tube 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

486 

ID-30mm Tube Isolator,Coolant Hose 
Line Asm 

Process Summary 

    \... 

      \Cooling Pack Line Bundle Driver Side Asm 

        \ID-30mm Tube Isolator,Coolant Hose Line Asm 

          \Tube Isolator Process 
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ID-30mm Tube Isolator,Coolant Hose 
Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

488 

Assemble Cooling Pack Line Bundle 
Driver Side 

Process Summary 

    \... 

      \Cooling Pack 

        \Cooling Pack Line Bundle Driver Side Asm 

          \Assemble Cooling Pack Line Bundle Driver Side 
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Assemble Cooling Pack Line Bundle 
Driver Side 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

490 

Cooling Pack Line Bundle DS 
Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Cooling Pack Line Bundle DS Installation 
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Cooling Pack Line Bundle DS 
Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Radiator Hose Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Upper Radiator Hose Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Radiator Hose Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

495 

Combination Connector Asm,Upper 
Radiator Hose Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Upper Radiator Hose Asm 

          \Combination Connector Asm,Upper Radiator Hose 

Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Combination Connector Asm,Upper 
Radiator Hose Asm 

Detailed Summary 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Combination Connector,Combination 
Connector  Asm 

Process Summary 

    \... 

      \Combination Connector Asm,Upper Radiator Hose Asm 

        \Combination Connector,Combination Connector  Asm 

          \Combination Connector Process 
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Assemble Combination Connector 

Process Summary 

    \... 

      \Upper Radiator Hose Asm 
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30mm-ID Hose Asm,Upper Radiator 
Hose Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Upper Radiator Hose Asm 

          \30mm-ID Hose Asm,Upper Radiator Hose Asm 
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30mm-ID Hose Asm,Upper Radiator 
Hose Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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30mm-ID Hose,30mm-ID Hose Asm 

Process Summary 

    \... 

      \30mm-ID Hose Asm,Upper Radiator Hose Asm 
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          \30mm-ID Hose Process 
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Assemble 30mm-ID Hose  

Process Summary 

    \... 

      \Upper Radiator Hose Asm 

        \30mm-ID Hose Asm,Upper Radiator Hose Asm 

          \Assemble 30mm-ID Hose  
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End Connector  Asm,Upper Radiator 
Hose Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Upper Radiator Hose Asm 

          \End Connector  Asm,Upper Radiator Hose Asm 
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End Connector  Asm,Upper Radiator 
Hose Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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End Connector,End Connector  Asm 

Process Summary 

    \... 

      \End Connector  Asm,Upper Radiator Hose Asm 

        \End Connector,End Connector  Asm 

          \End Connector Process 
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Assemble End Connector 

Process Summary 

    \... 

      \Upper Radiator Hose Asm 

        \End Connector  Asm,Upper Radiator Hose Asm 

          \Assemble End Connector 
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Branch Hose Asm,Upper Radiator Hose 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Upper Radiator Hose Asm 

          \Branch Hose Asm,Upper Radiator Hose Asm 
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Branch Hose Asm,Upper Radiator Hose 
Asm 

Detailed Summary 
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7.5mm-ID Branch Hose,Branch Hose 
Asm 

Process Summary 

    \... 

      \Branch Hose Asm,Upper Radiator Hose Asm 

        \7.5mm-ID Branch Hose,Branch Hose Asm 

          \7.5mm-ID Hose Process 
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Assemble Branch Hose  

Process Summary 

    \... 

      \Upper Radiator Hose Asm 

        \Branch Hose Asm,Upper Radiator Hose Asm 

          \Assemble Branch Hose  
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Assemble Upper Radiator Hose 

Process Summary 

    \... 

      \Cooling Pack 

        \Upper Radiator Hose Asm 

          \Assemble Upper Radiator Hose 
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Upper Radiator Hose Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Upper Radiator Hose Installation 
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Coolant Pump Bracket Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Coolant Pump Bracket Asm 
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Coolant Pump Bracket Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Fixed Mount,Coolant Pump Bracket 
Asm 

Process Summary 

    \... 

      \Coolant Pump Bracket Asm 

        \Fixed Mount,Coolant Pump Bracket Asm 

          \Fixed Mount Process 
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** Includes material cost and purchased parts cost 

532 

L Bracket,Coolant Pump Bracket Asm 

Process Summary 

    \... 

      \Coolant Pump Bracket Asm 

        \L Bracket,Coolant Pump Bracket Asm 

          \Fixed Mount Process 
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Assemble Coolant Pump Bracket 

Process Summary 

    \... 

      \Cooling Pack 

        \Coolant Pump Bracket Asm 

          \Assemble Coolant Pump Bracket 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Coolant Pump Bracket Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Coolant Pump Bracket Installation 
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Coolant Pump Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Coolant Pump Installation 
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Front Refrigerant Line Bundle Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Front Refrigerant Line Bundle Asm 
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Front Refrigerant Line Bundle Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Line 1 Asm, Front Refrigerant Line 
Bundle Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Front Refrigerant Line Bundle Asm 

          \Line 1 Asm, Front Refrigerant Line Bundle Asm 
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Line 1 Asm, Front Refrigerant Line 
Bundle Asm 

Detailed Summary 
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Section 1 Asm,Line 1 Asm 

Assembly Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 
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Section 1 Asm,Line 1 Asm 

Detailed Summary 
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Expansion Valve Asm, Section 1 Asm 

Assembly Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 1 Asm,Line 1 Asm 

          \Expansion Valve Asm, Section 1 Asm 
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Expansion Valve Asm, Section 1 Asm 

Detailed Summary 
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** Includes material cost and purchased parts cost 
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Expansion Valve Connector 
Asm,Expantion Valve Asm 

Assembly Summary 

    \... 

      \Section 1 Asm,Line 1 Asm 

        \Expansion Valve Asm, Section 1 Asm 

          \Expansion Valve Connector Asm,Expantion Valve 

Asm 
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Expansion Valve Connector 
Asm,Expantion Valve Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connecting Block,Expansion Valve 
Connector Asm 

Process Summary 

    \... 

      \Expansion Valve Connector Asm,Expantion Valve Asm 

        \Connecting Block,Expansion Valve Connector Asm 

          \Connecting Block Process 
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Low Pressure Chanel Cap,Expansion 
Valve Connec 

Process Summary 

    \... 

      \Expansion Valve Connector Asm,Expantion Valve Asm 

        \Low Pressure Chanel Cap,Expansion Valve Connec 

          \Low Pressure Chanel Cap Process 
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End Cap,Connector 1 Asm 

Process Summary 

    \... 

      \Expansion Valve Connector Asm,Expantion Valve Asm 

        \End Cap,Connector 1 Asm 

          \End Cap Process 
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Assemble Expansion Valve Connector 

Process Summary 

    \... 

      \Expansion Valve Asm, Section 1 Asm 

        \Expansion Valve Connector Asm,Expantion Valve Asm 

          \Assemble Expansion Valve Connector 
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Connecting Tube,Expansion Valve Asm 

Process Summary 

    \... 

      \Expansion Valve Asm, Section 1 Asm 

        \Connecting Tube,Expansion Valve Asm 

          \Connecting Tube Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 564 

Connecting Tube,Expansion Valve Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cap,Expansion Valve Asm 

Process Summary 

    \... 

      \Expansion Valve Asm, Section 1 Asm 

        \Cap,Expansion Valve Asm 

          \Cap Process 
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Assemble Expansion Valve 

Process Summary 

    \... 

      \Section 1 Asm,Line 1 Asm 

        \Expansion Valve Asm, Section 1 Asm 

          \Assemble Expansion Valve 
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Multi-Channel Tube,Section 1 Asm 

Process Summary 

    \... 

      \Section 1 Asm,Line 1 Asm 

        \Multi-Channel Tube,Section 1 Asm 

          \Main Tube Process 
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Hose Branch Asm,Section 1 Asm 

Assembly Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 1 Asm,Line 1 Asm 

          \Hose Branch Asm,Section 1 Asm 
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Hose Branch Asm,Section 1 Asm 

Detailed Summary 
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Connector  Asm,Hose Branch Asm 

Assembly Summary 

    \... 

      \Section 1 Asm,Line 1 Asm 
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          \Connector  Asm,Hose Branch Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 575 

Connector  Asm,Hose Branch Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

576 

Connector  Asm,Hose Branch Asm 

Detailed Summary 
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Connecting Tube 

Process Summary 

    \... 

      \Connector  Asm,Hose Branch Asm 

        \Connecting Tube 

          \Connecting Tube Process 
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Connecting Block,Connector  Asm 

Process Summary 

    \... 
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8.5mm Sealing Ring,Connector Asm 

Process Summary 

    \... 

      \Connector  Asm,Hose Branch Asm 

        \8.5mm Sealing Ring,Connector Asm 

          \8.5mm Sealing Ring Process 
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Assemble Connector 1 

Process Summary 
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Hose Crimp Fitting, Hose  Asm 

Process Summary 

    \... 

      \Connector  Asm,Hose Branch Asm 
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Assemble Hose Crimp 

Process Summary 

    \... 
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14mm-OD Wrapped Hose, Hose Tube 
Asm 

Process Summary 
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Branch Connector Asm,Hose Branch 
Asm 

Assembly Summary 

    \... 
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Branch Connector Asm,Hose Branch 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connecting Tube 

Process Summary 

    \... 

      \Branch Connector Asm,Hose Branch Asm 

        \Connecting Tube 
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Branch Connector Block,Hose Branch 
Asm 

Process Summary 

    \... 
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Assemble Branch Connector 

Process Summary 

    \... 

      \Hose Branch Asm,Section 1 Asm 
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Hose Crimp Fitting, Hose  Asm 

Process Summary 

    \... 

      \Branch Connector Asm,Hose Branch Asm 

        \Hose Crimp Fitting, Hose  Asm 

          \Hose Crimp Fitting Process 
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Assemble Hose Crimp 

Process Summary 
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          \Assemble Hose Crimp 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 603 

Assemble Hose Crimp 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 
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Assemble Hose Branch 

Process Summary 

    \... 

      \Section 1 Asm,Line 1 Asm 
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          \Assemble Hose Branch 
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Connector Asm,Section 1 Asm 

Assembly Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 1 Asm,Line 1 Asm 

          \Connector Asm,Section 1 Asm 
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Connector Asm,Section 1 Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connector Block,Connector Asm 

Process Summary 

    \... 

      \Connector Asm,Section 1 Asm 

        \Connector Block,Connector Asm 

          \Connector Block Process 
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Assemble Connector 

Process Summary 

    \... 

      \Section 1 Asm,Line 1 Asm 

        \Connector Asm,Section 1 Asm 

          \Assemble Connector 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Assemble Section 1 

Process Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 1 Asm,Line 1 Asm 

          \Assemble Section 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Section 2 Asm,Line 1 Asm 

Assembly Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 
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          \Section 2 Asm,Line 1 Asm 
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Section 2 Asm,Line 1 Asm 

Detailed Summary 
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Connector 2 Asm,Section 2 Asm 

Assembly Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 2 Asm,Line 1 Asm 

          \Connector 2 Asm,Section 2 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connector 2 Asm,Section 2 Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connector Block Asm,Connector 2 
Asm 

Assembly Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Connector 2 Asm,Section 2 Asm 

          \Connector Block Asm,Connector 2 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connector Block Asm,Connector 2 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Block,Connector 2 Asm 

Process Summary 

    \... 

      \Connector Block Asm,Connector 2 Asm 

        \Connecting Block,Connector 2 Asm 

          \Connecting Block Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Assemble Connector 1 

Process Summary 

    \... 

      \Connector 2 Asm,Section 2 Asm 

        \Connector Block Asm,Connector 2 Asm 

          \Assemble Connector 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

628 

Connecting Tube,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Section 2 Asm 

        \Connecting Tube,Connector 2 Asm 

          \Connecting Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Sealing Ring,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Section 2 Asm 

        \Sealing Ring,Connector 1 Asm 

          \Sealing Ring Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 1 

Process Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Connector 2 Asm,Section 2 Asm 

          \Assemble Connector 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose Crimp Fitting, Section 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Section 2 Asm 

        \Hose Crimp Fitting, Section 2 Asm 

          \Hose Crimp Fitting Process 
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Assemble Hose Crimp 

Process Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Connector 2 Asm,Section 2 Asm 

          \Assemble Hose Crimp 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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23mm-OD Wrapped Hose, Section 2 
Asm 

Process Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \23mm-OD Wrapped Hose, Section 2 Asm 

          \23mm-OD Wrapped Hose Process 
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Connector 1 Asm,Section 2 Asm 

Assembly Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 2 Asm,Line 1 Asm 

          \Connector 1 Asm,Section 2 Asm 
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Connector 1 Asm,Section 2 Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Connector Block Asm,Connector 1 
Asm 

Assembly Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Connector 1 Asm,Section 2 Asm 

          \Connector Block Asm,Connector 1 Asm 
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Connector Block Asm,Connector 1 
Asm 

Detailed Summary 
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** Includes material cost and purchased parts cost 
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Connecting Block,Connector 1 Asm 

Process Summary 

    \... 

      \Connector Block Asm,Connector 1 Asm 

        \Connecting Block,Connector 1 Asm 

          \Connecting Block Process 
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** Includes material cost and purchased parts cost 
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Assemble Connector 1 

Process Summary 

    \... 

      \Connector 1 Asm,Section 2 Asm 

        \Connector Block Asm,Connector 1 Asm 

          \Assemble Connector 1 
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Connecting Tube,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Section 2 Asm 

        \Connecting Tube,Connector 1 Asm 

          \Connecting Tube Process 
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Sealing Ring,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Section 2 Asm 

        \Sealing Ring,Connector 1 Asm 

          \Sealing Ring Process 
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Assemble Connector 1 

Process Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Connector 1 Asm,Section 2 Asm 

          \Assemble Connector 1 
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Assemble Connector 1 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 
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** Includes material cost and purchased parts cost 

656 

Hose Crimp Fitting, Section 2 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Section 2 Asm 

        \Hose Crimp Fitting, Section 2 Asm 

          \Hose Crimp Fitting Process 
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Assemble Hose Crimp 

Process Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Connector 1 Asm,Section 2 Asm 

          \Assemble Hose Crimp 
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Isolator,Section 2 Asm 

Process Summary 

    \... 

      \Section 2 Asm,Line 1 Asm 

        \Isolator,Section 2 Asm 

          \Isolator Process 
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Assemble Hose Branch 

Process Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \Section 2 Asm,Line 1 Asm 

          \Assemble Hose Branch 
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L Bracket Asm,Line 1 Asm 

Assembly Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 

        \Line 1 Asm, Front Refrigerant Line Bundle Asm 

          \L Bracket Asm,Line 1 Asm 
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L Bracket Asm,Line 1 Asm 

Detailed Summary 
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L Bracket,L Bracket Asm 

Process Summary 

    \... 

      \L Bracket Asm,Line 1 Asm 

        \L Bracket,L Bracket Asm 

          \L Bracket Process 
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Assemble L Bracket 

Process Summary 

    \... 

      \Line 1 Asm, Front Refrigerant Line Bundle Asm 

        \L Bracket Asm,Line 1 Asm 

          \Assemble L Bracket 
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Assemble Line 1 

Process Summary 

    \... 
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Line 2 Asm, Front Refrigerant Line 
Bundle Asm 

Assembly Summary 

    \... 

      \Cooling Pack 
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Line 2 Asm, Front Refrigerant Line 
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Detailed Summary 
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Section 1 Asm,Line 2 Asm 

Assembly Summary 
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Section 1 Asm,Line 2 Asm 

Detailed Summary 
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Connector 1 Asm,Section 1 Asm 

Assembly Summary 

    \... 
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Connector 1 Asm,Section 1 Asm 
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Connecting Block,Connector 3 Asm 

Process Summary 
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Sealing Ring,Connector 3 Asm 

Process Summary 
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Assemble Connector 1 

Process Summary 
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Connector 2,Section 1 Asm 

Process Summary 
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          \Connector 2 Process 
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Tube,Section 1 Asm 

Process Summary 

    \... 

      \Section 1 Asm,Line 2 Asm 

        \Tube,Section 1 Asm 

          \Tube Process 
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Bracket Asm,Section 1 Asm 

Assembly Summary 
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Bracket Asm,Section 1 Asm 

Detailed Summary 
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Bracket,Bracket Asm 

Process Summary 
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        \Bracket,Bracket Asm 

          \Bracket Process 
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Assemble Bracket 

Process Summary 
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      \Section 1 Asm,Line 2 Asm 

        \Bracket Asm,Section 1 Asm 

          \Assemble Bracket 
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Cap,Expansion Valve 2 Asm 

Process Summary 
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      \Section 1 Asm,Line 2 Asm 

        \Cap,Expansion Valve 2 Asm 

          \Cap Process 
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Assemble Section 1 

Process Summary 
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Hose Section Asm,Line 2 Asm 

Assembly Summary 
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Hose Section Asm,Line 2 Asm 

Detailed Summary 
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Connector 1 Asm,Hose Section Asm 

Assembly Summary 

    \... 

      \Line 2 Asm, Front Refrigerant Line Bundle Asm 
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Connector 1 Asm,Hose Section Asm 

Detailed Summary 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

709 

Connecting Block,Hose Section Asm 

Process Summary 
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          \Connecting Block Process 
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Sealing Ring,Hose Section Asm 

Process Summary 

    \... 
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        \Sealing Ring,Hose Section Asm 

          \Sealing Ring Process 
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Connecting Tube, Hose Section Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Hose Section Asm 

        \Connecting Tube, Hose Section Asm 

          \Connecting Tube Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 714 

Connecting Tube, Hose Section Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

715 

Assemble Connector 1 

Process Summary 

    \... 

      \Hose Section Asm,Line 2 Asm 

        \Connector 1 Asm,Hose Section Asm 

          \Assemble Connector 1 
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Refrigerant Line Crimp Fitting,Line 2 
Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Hose Section Asm 

        \Refrigerant Line Crimp Fitting,Line 2 Asm 

          \Hose Crimp Fitting Process 
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Assemble Refrigerant Line Crimp 
Fitting 

Process Summary 
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17mm-OD Wrapped Hose, Hose Section 
Asm 

Process Summary 
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      \Hose Section Asm,Line 2 Asm 
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          \17mm-OD Wrapped Hose Process 
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Connector 2 Asm,Hose Section Asm 

Assembly Summary 

    \... 

      \Line 2 Asm, Front Refrigerant Line Bundle Asm 
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Connector 2 Asm,Hose Section Asm 

Detailed Summary 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 
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Connecting Block,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 
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          \Connecting Block Process 
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12mm End Cap,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \12mm End Cap,Connector 2 Asm 

          \End Cap Process 
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Connecting Tube, Hose Section Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \Connecting Tube, Hose Section Asm 

          \Connecting Tube Process 
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Assemble Connector 2 

Process Summary 

    \... 

      \Hose Section Asm,Line 2 Asm 

        \Connector 2 Asm,Hose Section Asm 

          \Assemble Connector 2 
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Refrigerant Line Crimp Fitting,Line 2 
Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \Refrigerant Line Crimp Fitting,Line 2 Asm 

          \Hose Crimp Fitting Process 
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Assemble Refrigerant Line Crimp 
Fitting 

Process Summary 
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Assemble Hose Section 

Process Summary 

    \... 
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Assemble Line 2 

Process Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 
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          \Assemble Line 2 
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Line 3 Asm, Front Refrigerant Line 
Bundle Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Front Refrigerant Line Bundle Asm 
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Line 3 Asm, Front Refrigerant Line 
Bundle Asm 

Detailed Summary 
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Section 1 Asm,Line 3 Asm 

Assembly Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 
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          \Section 1 Asm,Line 3 Asm 
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Section 1 Asm,Line 3 Asm 

Detailed Summary 
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Connector  Asm,Section 1 Asm 

Assembly Summary 

    \... 
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Connector  Asm,Section 1 Asm 

Detailed Summary 
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Connecting Block,Connector  Asm 

Process Summary 

    \... 

      \Connector  Asm,Section 1 Asm 

        \Connecting Block,Connector  Asm 

          \Connecting Block Process 
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8.5mm Sealing Ring,Connector Asm 

Process Summary 

    \... 

      \Connector  Asm,Section 1 Asm 

        \8.5mm Sealing Ring,Connector Asm 

          \8.5mm Sealing Ring Process 
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Assemble Connector 1 

Process Summary 
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          \Assemble Connector 1 
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Connector Block 2,Section 1 Asm 

Process Summary 
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      \Section 1 Asm,Line 3 Asm 

        \Connector Block 2,Section 1 Asm 

          \Connecting Block 2 Process 
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Connecting Tube,Section 1 Asm 

Process Summary 

    \... 

      \Section 1 Asm,Line 3 Asm 

        \Connecting Tube,Section 1 Asm 

          \Connecting Tube Process 
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Assemble Section 1 

Process Summary 

    \... 
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          \Assemble Section 1 
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Hose Section Asm,Line 3 Asm 

Assembly Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 
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Hose Section Asm,Line 3 Asm 

Detailed Summary 
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Connector 1 Asm,Hose Section Asm 

Assembly Summary 
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Connector 1 Asm,Hose Section Asm 

Detailed Summary 
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Connector Block Asm,Section 1 Asm 

Assembly Summary 

    \... 

      \Hose Section Asm,Line 3 Asm 
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Connector Block Asm,Section 1 Asm 

Detailed Summary 
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Connecting Block,Connector  Asm 

Process Summary 

    \... 
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8.5mm Sealing Ring,Connector Asm 

Process Summary 
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Assemble Connecting Block 

Process Summary 
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      \Connector 1 Asm,Hose Section Asm 

        \Connector Block Asm,Section 1 Asm 

          \Assemble Connecting Block 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 777 

Assemble Connecting Block 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

778 

Connecting Tube, Hose Section Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Hose Section Asm 

        \Connecting Tube, Hose Section Asm 

          \Connecting Tube Process 
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** Includes material cost and purchased parts cost 
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Temperature Sensor Mount,Section 1 
Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Hose Section Asm 

        \Temperature Sensor Mount,Section 1 Asm 

          \Temperature Sensor Mount Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 1 

Process Summary 

    \... 

      \Hose Section Asm,Line 3 Asm 

        \Connector 1 Asm,Hose Section Asm 

          \Assemble Connector 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose Crimp Fitting, Hose  Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Hose Section Asm 

        \Hose Crimp Fitting, Hose  Asm 

          \Hose Crimp Fitting Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Hose Crimp 

Process Summary 

    \... 

      \Hose Section Asm,Line 3 Asm 

        \Connector 1 Asm,Hose Section Asm 

          \Assemble Hose Crimp 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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14mm Hose, Hose Section Asm 

Process Summary 

    \... 

      \Hose Section Asm,Line 3 Asm 

        \14mm Hose, Hose Section Asm 

          \14mm Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 2 Asm,Hose Section Asm 

Assembly Summary 

    \... 

      \Line 3 Asm, Front Refrigerant Line Bundle Asm 

        \Hose Section Asm,Line 3 Asm 

          \Connector 2 Asm,Hose Section Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 2 Asm,Hose Section Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

793 

Connecting Block,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \Connecting Block,Connector 2 Asm 

          \Connecting Block Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 794 

Connecting Block,Connector 2 Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 
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12mm End Cap,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \12mm End Cap,Connector 2 Asm 

          \End Cap Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 796 

12mm End Cap,Connector 2 Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 
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Connecting Tube, Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \Connecting Tube, Connector 2 Asm 

          \Connecting Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Assemble Connector 2 

Process Summary 

    \... 

      \Hose Section Asm,Line 3 Asm 

        \Connector 2 Asm,Hose Section Asm 

          \Assemble Connector 2 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose Crimp Fitting, Hose  Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Hose Section Asm 

        \Hose Crimp Fitting, Hose  Asm 

          \Hose Crimp Fitting Process 
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Assemble Hose Crimp 

Process Summary 

    \... 

      \Hose Section Asm,Line 3 Asm 

        \Connector 2 Asm,Hose Section Asm 

          \Assemble Hose Crimp 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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805 

Assemble Hose Section 

Process Summary 

    \... 

      \Line 3 Asm, Front Refrigerant Line Bundle Asm 

        \Hose Section Asm,Line 3 Asm 

          \Assemble Hose Section 
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Assemble Line 3 

Process Summary 

    \... 

      \Front Refrigerant Line Bundle Asm 

        \Line 3 Asm, Front Refrigerant Line Bundle Asm 

          \Assemble Line 3 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Front Refrigerant Line 
Bundle 

Process Summary 

    \... 

      \Cooling Pack 

        \Front Refrigerant Line Bundle Asm 

          \Assemble Front Refrigerant Line Bundle 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Front Refrigerant Line Bundle 
Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Front Refrigerant Line Bundle Installation 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 812 

Front Refrigerant Line Bundle 
Installation 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 
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Refrigerant Return Line Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Refrigerant Return Line Asm 
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Refrigerant Return Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Section 1 Asm,Refrigerant Return Line 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Refrigerant Return Line Asm 

          \Section 1 Asm,Refrigerant Return Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Section 1 Asm,Refrigerant Return Line 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 1 Asm,Section 1 Asm 

Assembly Summary 

    \... 

      \Refrigerant Return Line Asm 

        \Section 1 Asm,Refrigerant Return Line Asm 

          \Connector 1 Asm,Section 1 Asm 
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Connector 1 Asm,Section 1 Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Block,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Section 1 Asm 

        \Connecting Block,Connector 1 Asm 

          \Connecting Block Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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11.5mm Sealing Ring,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Section 1 Asm 

        \11.5mm Sealing Ring,Connector 1 Asm 

          \Sealing Ring Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube, Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Section 1 Asm 

        \Connecting Tube, Connector 1 Asm 

          \Connecting Tube Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 1 

Process Summary 

    \... 

      \Section 1 Asm,Refrigerant Return Line Asm 

        \Connector 1 Asm,Section 1 Asm 

          \Assemble Connector 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Silencer,Section 1 Asm 

Process Summary 

    \... 

      \Section 1 Asm,Refrigerant Return Line Asm 

        \Silencer,Section 1 Asm 

          \Silencer Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube, Section 1 Asm 

Process Summary 

    \... 

      \Section 1 Asm,Refrigerant Return Line Asm 

        \Connecting Tube, Section 1 Asm 

          \Connecting Tube Process 
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Assemble Section 1 

Process Summary 

    \... 

      \Refrigerant Return Line Asm 

        \Section 1 Asm,Refrigerant Return Line Asm 

          \Assemble Section 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Refrigerant Return Line Crimp Fitting 

Process Summary 

    \... 

      \Section 1 Asm,Refrigerant Return Line Asm 

        \Refrigerant Return Line Crimp Fitting 

          \Hose Crimp Fitting Process 
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Assemble Refrigerant Return Line 
Crimp Fitting 

Process Summary 

    \... 

      \Refrigerant Return Line Asm 

        \Section 1 Asm,Refrigerant Return Line Asm 

          \Assemble Refrigerant Return Line Crimp Fitting 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Section 2 Asm,Refriderant Return Line 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Refrigerant Return Line Asm 

          \Section 2 Asm,Refriderant Return Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Section 2 Asm,Refriderant Return Line 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 2,Section 2 Asm 

Process Summary 

    \... 

      \Section 2 Asm,Refriderant Return Line Asm 

        \Connector 2,Section 2 Asm 

          \Connector 2 Process 
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Connecting Tube, Section 2 Asm 

Process Summary 

    \... 

      \Section 2 Asm,Refriderant Return Line Asm 

        \Connecting Tube, Section 2 Asm 
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** Includes material cost and purchased parts cost 

847 

Assemble Connector 2 

Process Summary 

    \... 

      \Refrigerant Return Line Asm 

        \Section 2 Asm,Refriderant Return Line Asm 

          \Assemble Connector 2 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 848 

Assemble Connector 2 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 
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Refrigerant Return Line Crimp Fitting 

Process Summary 

    \... 

      \Section 2 Asm,Refriderant Return Line Asm 

        \Refrigerant Return Line Crimp Fitting 

          \Hose Crimp Fitting Process 
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Assemble Refrigerant Return Line 
Crimp Fitting 

Process Summary 

    \... 

      \Refrigerant Return Line Asm 
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Isolator,Refrigerant Return Line Asm 

Process Summary 

    \... 

      \Refrigerant Return Line Asm 

        \Isolator,Refrigerant Return Line Asm 

          \Isolator Process 
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17mm-OD Wrapped Hose, Refrigerant 
Return Line Asm 

Process Summary 

    \... 

      \Refrigerant Return Line Asm 

        \17mm-OD Wrapped Hose, Refrigerant Return Line 

Asm           \17mm-OD Wrapped Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Bracket Asm,Refrigerant Return Line 
Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Refrigerant Return Line Asm 

          \Bracket Asm,Refrigerant Return Line Asm 
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Bracket Asm,Refrigerant Return Line 
Asm 

Detailed Summary 
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Bracket,Bracket Asm 

Process Summary 

    \... 

      \Bracket Asm,Refrigerant Return Line Asm 

        \Bracket,Bracket Asm 

          \Bracket Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 861 

Bracket,Bracket Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 
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Assemble Bracket 

Process Summary 
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      \Refrigerant Return Line Asm 
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          \Assemble Bracket 
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Assemble Refrigerant Return Line 

Process Summary 

    \... 

      \Cooling Pack 

        \Refrigerant Return Line Asm 

          \Assemble Refrigerant Return Line 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 865 

Assemble Refrigerant Return Line 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

866 

Refrigerant Return Line Asm 
Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Refrigerant Return Line Asm Installation 
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Refrigerant Sending Line Asm 

Assembly Summary 
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Refrigerant Sending Line Asm 

Detailed Summary 
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Main Line Asm,Refrigerant Sending 
Line Asm 

Assembly Summary 
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      \Cooling Pack 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Main Line Asm,Refrigerant Sending 
Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 1 Asm,Main Line Asm 

Assembly Summary 

    \... 

      \Refrigerant Sending Line Asm 

        \Main Line Asm,Refrigerant Sending Line Asm 

          \Connector 1 Asm,Main Line Asm 
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Connector 1 Asm,Main Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 1 Asm,Main Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Block,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Main Line Asm 

        \Connecting Block,Connector 1 Asm 

          \Connecting Block Process 
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Connecting Block,Connector 1 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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17mm Sealing Ring,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Main Line Asm 

        \17mm Sealing Ring,Connector 1 Asm 

          \Sealing Ring Process 
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17mm Sealing Ring,Connector 1 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube,Connector 1 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Main Line Asm 

        \Connecting Tube,Connector 1 Asm 

          \Connecting Tube Process 
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Connecting Tube,Connector 1 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

883 

Assemble Connector 1 

Process Summary 

    \... 

      \Main Line Asm,Refrigerant Sending Line Asm 

        \Connector 1 Asm,Main Line Asm 

          \Assemble Connector 1 
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Assemble Connector 1 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose Crimp Fitting, Section 2 Asm 

Process Summary 

    \... 

      \Connector 1 Asm,Main Line Asm 

        \Hose Crimp Fitting, Section 2 Asm 

          \Hose Crimp Fitting Process 
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Hose Crimp Fitting, Section 2 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

887 

Assemble Hose Crimp Fitting 

Process Summary 

    \... 

      \Main Line Asm,Refrigerant Sending Line Asm 

        \Connector 1 Asm,Main Line Asm 

          \Assemble Hose Crimp Fitting 
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Assemble Hose Crimp Fitting 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 2 Asm,Main Line Asm 

Assembly Summary 

    \... 

      \Refrigerant Sending Line Asm 

        \Main Line Asm,Refrigerant Sending Line Asm 

          \Connector 2 Asm,Main Line Asm 
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Connector 2 Asm,Main Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

891 

Connector 2 Asm,Main Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector 2,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Main Line Asm 

        \Connector 2,Connector 2 Asm 

          \Connector 2 Process 
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Connector 2,Connector 2 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube,Connector 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Main Line Asm 

        \Connecting Tube,Connector 2 Asm 

          \Connecting Tube Process 
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Connecting Tube,Connector 2 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 2 

Process Summary 

    \... 

      \Main Line Asm,Refrigerant Sending Line Asm 

        \Connector 2 Asm,Main Line Asm 

          \Assemble Connector 2 
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Assemble Connector 2 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose Crimp Fitting, Section 2 Asm 

Process Summary 

    \... 

      \Connector 2 Asm,Main Line Asm 

        \Hose Crimp Fitting, Section 2 Asm 

          \Hose Crimp Fitting Process 
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Hose Crimp Fitting, Section 2 Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Hose Crimp Fitting 

Process Summary 

    \... 

      \Main Line Asm,Refrigerant Sending Line Asm 

        \Connector 2 Asm,Main Line Asm 

          \Assemble Hose Crimp Fitting 
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Assemble Hose Crimp Fitting 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Isolator,Main Line Asm 

Process Summary 

    \... 

      \Main Line Asm,Refrigerant Sending Line Asm 

        \Isolator,Main Line Asm 

          \Isolator Process 
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Isolator,Main Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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23mm-OD Main Hose, Main Line Asm 

Process Summary 

    \... 

      \Main Line Asm,Refrigerant Sending Line Asm 

        \23mm-OD Main Hose, Main Line Asm 

          \23mm-OD Main Hose Process 
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23mm-OD Main Hose, Main Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Main Line 

Process Summary 

    \... 

      \Refrigerant Sending Line Asm 

        \Main Line Asm,Refrigerant Sending Line Asm 

          \Assemble Main Line 
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Assemble Main Line 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

908 

Branch Line Asm,Refrigerant Sending 
Line Asm 

Assembly Summary 

    \... 

      \Cooling Pack 

        \Refrigerant Sending Line Asm 

          \Branch Line Asm,Refrigerant Sending Line Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 909 

Branch Line Asm,Refrigerant Sending 
Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Branch Line Asm,Refrigerant Sending 
Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector Asm,Branch Line Asm 

Assembly Summary 

    \... 

      \Refrigerant Sending Line Asm 

        \Branch Line Asm,Refrigerant Sending Line Asm 

          \Connector Asm,Branch Line Asm 
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Connector Asm,Branch Line Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector Asm,Branch Line Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube,Connector Asm 

Process Summary 

    \... 

      \Connector Asm,Branch Line Asm 

        \Connecting Tube,Connector Asm 

          \Connecting Tube Process 
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Connecting Tube,Connector Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Block,Connector Asm 

Process Summary 

    \... 

      \Connector Asm,Branch Line Asm 

        \Connecting Block,Connector Asm 

          \Connecting Block Process 
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Connecting Block,Connector Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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End Cap,Connector  Asm 

Process Summary 

    \... 

      \Connector Asm,Branch Line Asm 

        \End Cap,Connector  Asm 

          \End Cap Process 
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End Cap,Connector  Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 

Process Summary 

    \... 

      \Branch Line Asm,Refrigerant Sending Line Asm 

        \Connector Asm,Branch Line Asm 

          \Assemble Connector 
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Assemble Connector 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Refrigerant Line Crimp Fitting,Branch 
Line  Asm 

Process Summary 

    \... 

      \Connector Asm,Branch Line Asm 

        \Refrigerant Line Crimp Fitting,Branch Line  Asm 

          \Hose Crimp Fitting Process 
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Refrigerant Line Crimp Fitting,Branch 
Line  Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Hose Crimp Fitting 

Process Summary 

    \... 

      \Branch Line Asm,Refrigerant Sending Line Asm 

        \Connector Asm,Branch Line Asm 

          \Assemble Hose Crimp Fitting 
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Assemble Hose Crimp Fitting 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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17mm-OD Branch Hose, Branch Line 
Asm 

Process Summary 

    \... 

      \Branch Line Asm,Refrigerant Sending Line Asm 

        \17mm-OD Branch Hose, Branch Line Asm 

          \17mm-OD Branch Hose Process 
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17mm-OD Branch Hose, Branch Line 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube Asm, Branch Line 
Asm 

Assembly Summary 

    \... 

      \Refrigerant Sending Line Asm 

        \Branch Line Asm,Refrigerant Sending Line Asm 

          \Connecting Tube Asm, Branch Line Asm 
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Connecting Tube Asm, Branch Line 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube Asm, Branch Line 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connecting Tube, Connecting Tube 
Asm 

Process Summary 

    \... 

      \Connecting Tube Asm, Branch Line Asm 

        \Connecting Tube, Connecting Tube Asm 

          \Connecting Tube Process 
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Connecting Tube, Connecting Tube 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Refrigerant Line Crimp Fitting, 
Connecting Tube As 

Process Summary 

    \... 

      \Connecting Tube Asm, Branch Line Asm 

        \Refrigerant Line Crimp Fitting, Connecting Tube As 

          \Hose Crimp Fitting Process 
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Refrigerant Line Crimp Fitting, 
Connecting Tube As 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Hose Crimp Fitting 

Process Summary 

    \... 

      \Branch Line Asm,Refrigerant Sending Line Asm 

        \Connecting Tube Asm, Branch Line Asm 

          \Assemble Hose Crimp Fitting 
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Assemble Hose Crimp Fitting 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Branch Line 

Process Summary 

    \... 

      \Refrigerant Sending Line Asm 

        \Branch Line Asm,Refrigerant Sending Line Asm 

          \Assemble Branch Line 
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Assemble Branch Line 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Refrigerant Sending Line 

Process Summary 

    \... 

      \Cooling Pack 

        \Refrigerant Sending Line Asm 

          \Assemble Refrigerant Sending Line 
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Assemble Refrigerant Sending Line 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Refrigerant Sending Line Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \Cooling Pack 

          \Refrigerant Sending Line Installation 
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Refrigerant Sending Line Installation 
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HVAC Overview 

The HVAC System consists of the HVAC unit, all the HVAC 
Ducting, the Cabin Heater Coolant Reservoir, the heat 
exchanger, and the Plenum. 

 

The HVAC Unit consists of a series of air flaps that control 
airflow through or around the evaporator and heater core 
in various amounts to provide the desired passenger 
compartment temperature. A two-piece microfilter is used, 
accessible via a side access door for replacement. The 
HVAC Ducts are all blow molded plastic ducts. The cabin 
heater coolant reservoir is a dual plastic housing that is 
vibration welded together. 

  

All major components were costed in detail, while prices 
were applied to commodity items (i.e. seals, rivets, snap 
rings).  

Estimates are based on actual parts. 

Photos: Background on 100mm grid paper. 
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Description: 

Advantages: 

Eye Catching Features 

944 

• Two piece micro filter accessible through a side door for replacement 

• Easy access from the right passenger side foot well for filter replacement with no need to 
remove other interior components. 

• Door does interfere slightly with unit housing reducing the opening clearance. 
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Description: 

Advantages: 

Eye Catching Features 
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• The heat exchanger is used to provide heat to the passenger cabin.  
• The coolant is heated from the battery or preconditioned and heated from the charging module 

current while plugged in.  

• Both the battery pack and the cabin heater can be user programed to be at the optimal 
temperature during the time the vehicle is charging.  

• Using the phone app for the i3 the user can set a time of departure and the preconditioning 
cycle will be set to run via the vehicle software. 

Electric High 

Voltage Cabin 

Heat Exchanger 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

946 

HVAC 

Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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HVAC Unit Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \HVAC Unit Asm 
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HVAC Unit Asm 
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HVAC Unit Asm 
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HVAC Unit Asm 
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HVAC Unit Asm 
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HVAC Unit Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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HVAC Unit Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Housing RH, HVAC Unit Asm 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Housing RH, HVAC Unit Asm 

          \Housing RH Process 
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Housing RH, HVAC Unit Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Inner Baffle RH, HVAC Unit Asm 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Inner Baffle RH, HVAC Unit Asm 

          \Inner Baffle RH Process 
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Inner Baffle RH, HVAC Unit Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble RH Housing and Baffle 

Process Summary 

    \... 

      \HVAC 

        \HVAC Unit Asm 

          \Assemble RH Housing and Baffle 
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Assemble RH Housing and Baffle 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Airflap Footwell RH, HVAC Unit Asm 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Airflap Footwell RH, HVAC Unit Asm 

          \Airflap Footwell RH Process 
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Airflap Footwell RH, HVAC Unit Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Airflap Footwell RH 

Process Summary 

    \... 

      \HVAC 

        \HVAC Unit Asm 

          \Assemble Airflap Footwell RH 
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Assemble Airflap Footwell RH 
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Evaporator Asm, HVAC Unit Asm 

Assembly Summary 

    \... 

      \HVAC 

        \HVAC Unit Asm 

          \Evaporator Asm, HVAC Unit Asm 
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Evaporator Asm, HVAC Unit Asm 

Detailed Summary 
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End Cap Sub Asm, Evaporator Asm 

Assembly Summary 

    \... 

      \HVAC Unit Asm 

        \Evaporator Asm, HVAC Unit Asm 

          \End Cap Sub Asm, Evaporator Asm 
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End Cap Sub Asm, Evaporator Asm 

Detailed Summary 
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** Includes material cost and purchased parts cost 
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End Cap, End Cap Sub Asm 

Process Summary 

    \... 

      \End Cap Sub Asm, Evaporator Asm 

        \End Cap, End Cap Sub Asm 

          \End Cap Process 
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End Plate, End Cap Sub Asm 

Process Summary 

    \... 

      \End Cap Sub Asm, Evaporator Asm 

        \End Plate, End Cap Sub Asm 

          \End Plate Process 
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End Cap Cover, End Cap Sub Asm 

Process Summary 

    \... 

      \End Cap Sub Asm, Evaporator Asm 

        \End Cap Cover, End Cap Sub Asm 

          \End Cap Cover Process 
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Assemble End Cap Cover 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \End Cap Sub Asm, Evaporator Asm 

          \Assemble End Cap Cover 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Tube End Cap Asm, Evaporator Asm 

Assembly Summary 

    \... 

      \HVAC Unit Asm 

        \Evaporator Asm, HVAC Unit Asm 

          \Tube End Cap Asm, Evaporator Asm 
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Tube End Cap Asm, Evaporator Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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End Cap, End Cap Sub Asm 

Process Summary 

    \... 

      \Tube End Cap Asm, Evaporator Asm 

        \End Cap, End Cap Sub Asm 

          \End Cap Process 
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End Plate, Evaporator Asm 

Process Summary 

    \... 

      \Tube End Cap Asm, Evaporator Asm 

        \End Plate, Evaporator Asm 

          \End Plate Process 
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Endcap Cover, Evaporator Asm 

Process Summary 

    \... 

      \Tube End Cap Asm, Evaporator Asm 

        \Endcap Cover, Evaporator Asm 

          \Endcap Cover Process 
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Assemble Tube Endcap Asm 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Tube End Cap Asm, Evaporator Asm 

          \Assemble Tube Endcap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Tube Interface Asm, Evaporator Asm 

Assembly Summary 

    \... 

      \HVAC Unit Asm 

        \Evaporator Asm, HVAC Unit Asm 

          \Tube Interface Asm, Evaporator Asm 
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Tube Interface Asm, Evaporator Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Tube Interface Btm, Tube Interface Asm 

Process Summary 

    \... 

      \Tube Interface Asm, Evaporator Asm 

        \Tube Interface Btm, Tube Interface Asm 

          \Tube Interface Btm Process 
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Tube Interface Top, Tube Interface Asm 

Process Summary 

    \... 

      \Tube Interface Asm, Evaporator Asm 

        \Tube Interface Top, Tube Interface Asm 

          \Tube Interface Top Process 
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Assemble Tube Interface 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Tube Interface Asm, Evaporator Asm 

          \Assemble Tube Interface 
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*  Excluding tooling, ER&D, logistics, and profit margin 
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Bridge, Tube Interface Asm 

Process Summary 

    \... 

      \Tube Interface Asm, Evaporator Asm 

        \Bridge, Tube Interface Asm 

          \Bridge Process 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1096 

Bridge, Tube Interface Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 
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15mm Tube, Tube Interface Asm 

Process Summary 

    \... 

      \Tube Interface Asm, Evaporator Asm 

        \15mm Tube, Tube Interface Asm 

          \15mm Tube Process 
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** Includes material cost and purchased parts cost 

1099 

12mm Tube, Tube Interface Asm 

Process Summary 

    \... 

      \Tube Interface Asm, Evaporator Asm 

        \12mm Tube, Tube Interface Asm 

          \12mm Tube Process 
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Assemble Tubes to Interface 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Tube Interface Asm, Evaporator Asm 

          \Assemble Tubes to Interface 
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Top Plate, Evaporator Asm 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Top Plate, Evaporator Asm 

          \Top Plate Process 
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Bottom Plate, Evaporator Asm 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Bottom Plate, Evaporator Asm 

          \Bottom Plate Process 
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Microtubes, Evaporator Asm 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Microtubes, Evaporator Asm 

          \Microtubes Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1109 

Cooling Fins, Evaporator Asm 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Cooling Fins, Evaporator Asm 

          \Cooling Fins Process 
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Assemble Evaporator 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Evaporator Asm, HVAC Unit Asm 

          \Assemble Evaporator 
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Plastic Guard, Evaporator Asm 

Process Summary 

    \... 

      \Evaporator Asm, HVAC Unit Asm 

        \Plastic Guard, Evaporator Asm 

          \Plastic Guard Process 
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Assemble Evaporator NVH Foam 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Evaporator Asm, HVAC Unit Asm 

          \Assemble Evaporator NVH Foam 
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Side Cover, HVAC Unit Asm 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Side Cover, HVAC Unit Asm 

          \Side Cover Process 
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Bottom Cover, HVAC Unit Asm 

Process Summary 

    \... 

      \HVAC Unit Asm 

        \Bottom Cover, HVAC Unit Asm 

          \Bottom Cover Process 
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Assemble Evaporator 

Process Summary 

    \... 

      \HVAC 

        \HVAC Unit Asm 

          \Assemble Evaporator 
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Heat Exchanger Asm, HVAC Unit Asm 

Assembly Summary 

    \... 

      \HVAC 

        \HVAC Unit Asm 

          \Heat Exchanger Asm, HVAC Unit Asm 
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Heat Exchanger Asm, HVAC Unit Asm 

Detailed Summary 
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Heat Exchanger Module Asm, Heat 
Exchanger Asm 

Assembly Summary 

    \... 

      \HVAC Unit Asm 

        \Heat Exchanger Asm, HVAC Unit Asm 

          \Heat Exchanger Module Asm, Heat Exchanger Asm 
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Heat Exchanger Module Asm, Heat 
Exchanger Asm 

Detailed Summary 
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Btm Plate-Fitting Asm, Heat Exchanger 
Module Asm 

Assembly Summary 

    \... 

      \Heat Exchanger Asm, HVAC Unit Asm 

        \Heat Exchanger Module Asm, Heat Exchanger Asm 
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Btm Plate-Fitting Asm, Heat Exchanger 
Module Asm 

Detailed Summary 
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Bottom Plate, Btm Plate-Fitting Asm 

Process Summary 

    \... 

      \Btm Plate-Fitting Asm, Heat Exchanger Module Asm 

        \Bottom Plate, Btm Plate-Fitting Asm 

          \Bottom Plate Process 
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Tube Fitting, Btm Plate-Fitting Asm 

Process Summary 

    \... 

      \Btm Plate-Fitting Asm, Heat Exchanger Module Asm 

        \Tube Fitting, Btm Plate-Fitting Asm 

          \Tube Fitting Process 
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Bottom Plate-Tube Fitting Assembly 

Process Summary 

    \... 

      \Heat Exchanger Module Asm, Heat Exchanger Asm 
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Process Summary 
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End Cap, Heat Exchanger Module Asm 

Process Summary 
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End Plate, Heat Exchanger Module Asm 

Process Summary 
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Process Summary 
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Process Summary 
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Process Summary 
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Long Tube, Heat Exchanger Asm 

Process Summary 
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Short Tube, Heat Exchanger Asm 

Process Summary 

    \... 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Duct 

Process Summary 

    \... 

      \HVAC 

        \Driver IP Duct Asm 

          \Assemble Duct 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Driver IP Duct Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Driver IP Duct Installation 
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Driver IP Duct Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cabin Heater Coolant Reservoir Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Cabin Heater Coolant Reservoir Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cabin Heater Coolant Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1258 

Bracket Asm, Cabin Heater Coolant 
Reservoir Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Cabin Heater Coolant Reservoir Asm 

          \Bracket Asm, Cabin Heater Coolant Reservoir Asm 
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Bracket Asm, Cabin Heater Coolant 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket Asm, Cabin Heater Coolant 
Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket, Bracket Asm 

Process Summary 

    \... 

      \Bracket Asm, Cabin Heater Coolant Reservoir Asm 

        \Bracket, Bracket Asm 

          \Bracket Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Bracket Asm 

Process Summary 

    \... 

      \Cabin Heater Coolant Reservoir Asm 
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          \Assemble Bracket Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1265 

Reservoir Asm, Cabin Heater Coolant 
Reservoir Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Cabin Heater Coolant Reservoir Asm 

          \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 
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Reservoir Asm, Cabin Heater Coolant 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Reservoir Asm, Cabin Heater Coolant 
Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Reservoir Asm, Reservoir Asm 

Assembly Summary 

    \... 

      \Cabin Heater Coolant Reservoir Asm 

        \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

          \Coolant Reservoir Asm, Reservoir Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Reservoir Asm, Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Housing, Coolant Reservoir Asm 

Process Summary 

    \... 

      \Coolant Reservoir Asm, Reservoir Asm 

        \Upper Housing, Coolant Reservoir Asm 

          \Upper Housing Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Housing, Coolant Reservoir Asm 

Assembly Summary 

    \... 

      \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

        \Coolant Reservoir Asm, Reservoir Asm 

          \Lower Housing, Coolant Reservoir Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1275 

Lower Housing, Coolant Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Level Indicator, Lower Housing 
Asm 

Process Summary 

    \... 

      \Lower Housing, Coolant Reservoir Asm 

        \Coolant Level Indicator, Lower Housing Asm 

          \Coolant Level Indicator Process 
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Coolant Level Indicator, Lower Housing 
Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Housing, Lower Housing Asm 

Process Summary 

    \... 

      \Lower Housing, Coolant Reservoir Asm 

        \Lower Housing, Lower Housing Asm 

          \Lower Housing Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Lower Housing 

Process Summary 

    \... 

      \Coolant Reservoir Asm, Reservoir Asm 

        \Lower Housing, Coolant Reservoir Asm 

          \Assemble Lower Housing 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1282 

Assemble Coolant Reservoir  

Process Summary 

    \... 

      \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

        \Coolant Reservoir Asm, Reservoir Asm 

          \Assemble Coolant Reservoir  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1284 

Coolant Hose 1 Asm, Reservoir Asm 

Assembly Summary 

    \... 

      \Cabin Heater Coolant Reservoir Asm 

        \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

          \Coolant Hose 1 Asm, Reservoir Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hose 1 Asm, Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose, Coolant Hose 1 Asm 

Process Summary 

    \... 

      \Coolant Hose 1 Asm, Reservoir Asm 

        \Hose, Coolant Hose 1 Asm 

          \Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Coolant Hose  

Process Summary 

    \... 

      \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

        \Coolant Hose 1 Asm, Reservoir Asm 

          \Assemble Coolant Hose  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hose 2 Asm, Reservoir Asm 

Assembly Summary 

    \... 

      \Cabin Heater Coolant Reservoir Asm 

        \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

          \Coolant Hose 2 Asm, Reservoir Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Hose 2 Asm, Reservoir Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose, Coolant Hose 2 Asm 

Process Summary 

    \... 

      \Coolant Hose 2 Asm, Reservoir Asm 

        \Hose, Coolant Hose 2 Asm 

          \Hose Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Hose 

Process Summary 

    \... 

      \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

        \Coolant Hose 2 Asm, Reservoir Asm 

          \Assemble Hose 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Reservoir 

Process Summary 

    \... 

      \Cabin Heater Coolant Reservoir Asm 

        \Reservoir Asm, Cabin Heater Coolant Reservoir Asm 

          \Assemble Reservoir 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1300 

Assemble Cabin Heater Coolant Reservoir 

Process Summary 

    \... 

      \HVAC 

        \Cabin Heater Coolant Reservoir Asm 

          \Assemble Cabin Heater Coolant Reservoir 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cabin Heater Coolant Reservoir 
Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Cabin Heater Coolant Reservoir Installation 
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Cabin Heater Coolant Reservoir 
Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Ext HVAC Duct Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Ext HVAC Duct Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Ext HVAC Duct Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Outlet Duct Asm, Ext HVAC Duct Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Ext HVAC Duct Asm 

          \Outlet Duct Asm, Ext HVAC Duct Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Outlet Duct Asm, Ext HVAC Duct Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Duct, Outlet Duct Asm 

Process Summary 

    \... 

      \Outlet Duct Asm, Ext HVAC Duct Asm 

        \Duct, Outlet Duct Asm 

          \Duct Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Outlet Duct Asm 

Process Summary 

    \... 

      \Ext HVAC Duct Asm 

        \Outlet Duct Asm, Ext HVAC Duct Asm 

          \Assemble Outlet Duct Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Inlet Duct, Ext HVAC Duct Asm 

Process Summary 

    \... 

      \Ext HVAC Duct Asm 

        \Inlet Duct, Ext HVAC Duct Asm 

          \Inlet Duct Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Ext HVAC Duct 

Process Summary 

    \... 

      \HVAC 

        \Ext HVAC Duct Asm 

          \Assemble Ext HVAC Duct 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Ext HVAC Duct Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Ext HVAC Duct Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Heat Exchanger Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Heat Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Heat Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Exchanger Asm, Heat Exchanger Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Exchanger Asm, Heat Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Exchanger Asm, Heat Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cap Asm, Exchanger Asm 

Assembly Summary 

    \... 

      \Heat Exchanger Asm 
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          \Cap Asm, Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cap Asm, Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Mounting Plate Asm, Cap Asm 

Assembly Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Cap Asm, Exchanger Asm 

          \Mounting Plate Asm, Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Mounting Plate Asm, Cap Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1332 

Plate, Mounting Plate Asm 

Process Summary 

    \... 

      \Mounting Plate Asm, Cap Asm 

        \Plate, Mounting Plate Asm 

          \Plate Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Mounting Plate 

Process Summary 

    \... 

      \Cap Asm, Exchanger Asm 

        \Mounting Plate Asm, Cap Asm 

          \Assemble Mounting Plate 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Cap, Cap Asm 

Process Summary 

    \... 

      \Cap Asm, Exchanger Asm 

        \Cap, Cap Asm 

          \Cap Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Cap and Mounting Plate 

Process Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector Asm, Cap Asm 

Assembly Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Cap Asm, Exchanger Asm 

          \Connector Asm, Cap Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Connector Asm, Cap Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Power Connector Housing, Connector Asm 

Process Summary 

    \... 

      \Connector Asm, Cap Asm 

        \Power Connector Housing, Connector Asm 

          \Power Connector Housing Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Power Connector 

Process Summary 

    \... 

      \Cap Asm, Exchanger Asm 

        \Connector Asm, Cap Asm 

          \Assemble Power Connector 
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Assemble Power Connector 

Click Here for Munro & Associates Wire Harness Report on Heat 

Exchanger Power Connector Harness 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Connector 

Process Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Cap Asm, Exchanger Asm 

          \Assemble Connector 
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Assemble Connector 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coil Exchanger Asm, Exchanger Asm 

Assembly Summary 

    \... 

      \Heat Exchanger Asm 

        \Exchanger Asm, Heat Exchanger Asm 

          \Coil Exchanger Asm, Exchanger Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1350 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coil Exchanger Asm, Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coil Asm, Coil Exchanger Asm 

Assembly Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Coil Exchanger Asm, Exchanger Asm 

          \Coil Asm, Coil Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coil Asm, Coil Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Housing Asm, Coil Asm 

Assembly Summary 

    \... 

      \Coil Exchanger Asm, Exchanger Asm 

        \Coil Asm, Coil Exchanger Asm 

          \Upper Housing Asm, Coil Asm 
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Upper Housing Asm, Coil Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Upper Housing Asm, Coil Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Top Housing, Upper Housing Asm 

Process Summary 

    \... 

      \Upper Housing Asm, Coil Asm 

        \Top Housing, Upper Housing Asm 

          \Top Housing Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Upper Housing 

Process Summary 

    \... 

      \Coil Asm, Coil Exchanger Asm 

        \Upper Housing Asm, Coil Asm 

          \Assemble Upper Housing 
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Assemble Upper Housing 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Housing Asm, Coil Asm 

Assembly Summary 

    \... 

      \Coil Exchanger Asm, Exchanger Asm 

        \Coil Asm, Coil Exchanger Asm 

          \Lower Housing Asm, Coil Asm 
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Lower Housing Asm, Coil Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Lower Housing Asm, Coil Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Base Housing, Lower Housing Asm 

Process Summary 

    \... 

      \Lower Housing Asm, Coil Asm 

        \Base Housing, Lower Housing Asm 

          \Base Housing Process 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket Asm, Coil Asm 

Assembly Summary 

    \... 

      \Coil Asm, Coil Exchanger Asm 

        \Lower Housing Asm, Coil Asm 

          \Bracket Asm, Coil Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1368 

Bracket Asm, Coil Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket Asm, Coil Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket, Bracket Asm 

Process Summary 

    \... 

      \Bracket Asm, Coil Asm 

        \Bracket, Bracket Asm 

          \Bracket Process 
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Bracket, Bracket Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Bracket 

Process Summary 

    \... 

      \Lower Housing Asm, Coil Asm 

        \Bracket Asm, Coil Asm 

          \Assemble Bracket 
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Assemble Bracket 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Lower Housing 

Process Summary 

    \... 

      \Coil Asm, Coil Exchanger Asm 

        \Lower Housing Asm, Coil Asm 

          \Assemble Lower Housing 
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Assemble Lower Housing 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Inlet Tube, Coil Asm 

Process Summary 

    \... 

      \Coil Asm, Coil Exchanger Asm 

        \Coolant Inlet Tube, Coil Asm 

          \Coolant Inlet Tube Process 
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Coolant Inlet Tube, Coil Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1378 

Coolant Outlet Tube, Coil Asm 

Process Summary 

    \... 

      \Coil Asm, Coil Exchanger Asm 

        \Coolant Outlet Tube, Coil Asm 

          \Coolant Outlet Tube Process 
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Coolant Outlet Tube, Coil Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Flow Path, Coil Asm 

Process Summary 

    \... 

      \Coil Asm, Coil Exchanger Asm 

        \Coolant Flow Path, Coil Asm 

          \Coolant Flow Path Process 
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Coolant Flow Path, Coil Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1382 

Assemble Coil 

Process Summary 

    \... 

      \Coil Exchanger Asm, Exchanger Asm 

        \Coil Asm, Coil Exchanger Asm 

          \Assemble Coil 
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Assemble Coil 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Circuit Board Asm, Bottom Exchanger Asm 

Assembly Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Coil Exchanger Asm, Exchanger Asm 

          \Circuit Board Asm, Bottom Exchanger Asm 
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Circuit Board Asm, Bottom Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Circuit Board Asm, Bottom Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Circuit Board Mounting Plate, Circuit 
Board Asm 

Process Summary 

    \... 

      \Circuit Board Asm, Bottom Exchanger Asm 

        \Circuit Board Mounting Plate, Circuit Board Asm 

          \Circuit Board Mounting Plate Process 
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Circuit Board Mounting Plate, Circuit 
Board Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Thermal Contact, Circuit Board Asm 

Process Summary 

    \... 

      \Circuit Board Asm, Bottom Exchanger Asm 

        \Thermal Contact, Circuit Board Asm 

          \Thermal Contact Process 
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Thermal Contact, Circuit Board Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Circuit Board 

Process Summary 

    \... 

      \Coil Exchanger Asm, Exchanger Asm 

        \Circuit Board Asm, Bottom Exchanger Asm 

          \Assemble Circuit Board 
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Assemble Circuit Board 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Circuit Board 

Process Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Coil Exchanger Asm, Exchanger Asm 

          \Assemble Circuit Board 
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Assemble Circuit Board 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Protection Plate, Bottom Exchanger Asm 

Process Summary 

    \... 

      \Coil Exchanger Asm, Exchanger Asm 

        \Protection Plate, Bottom Exchanger Asm 

          \Protection Plate Process 
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Protection Plate, Bottom Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Protection Plate 

Process Summary 

    \... 

      \Exchanger Asm, Heat Exchanger Asm 

        \Coil Exchanger Asm, Exchanger Asm 

          \Assemble Protection Plate 
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Assemble Protection Plate 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Exchanger 

Process Summary 

    \... 

      \Heat Exchanger Asm 

        \Exchanger Asm, Heat Exchanger Asm 

          \Assemble Exchanger 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1400 

Assemble Exchanger 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket Asm, Heat Exchanger Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Bracket Asm, Heat Exchanger Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1402 

Bracket Asm, Heat Exchanger Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket Asm, Heat Exchanger Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Heat Exchanger Bracket Asm, Bracket Asm 

Assembly Summary 

    \... 

      \Heat Exchanger Asm 

        \Bracket Asm, Heat Exchanger Asm 

          \Heat Exchanger Bracket Asm, Bracket Asm 
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Heat Exchanger Bracket Asm, Bracket Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Heat Exchanger Bracket Asm, Bracket Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket, Heat Exchanger Bracket Asm 

Process Summary 

    \... 

      \Heat Exchanger Bracket Asm, Bracket Asm 

        \Bracket, Heat Exchanger Bracket Asm 

          \Bracket Process 
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Bracket, Heat Exchanger Bracket Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Bracket 

Process Summary 

    \... 

      \Bracket Asm, Heat Exchanger Asm 

        \Heat Exchanger Bracket Asm, Bracket Asm 

          \Assemble Bracket 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1410 

Assemble Bracket 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Pump Retention Clamp, Bracket Asm 

Process Summary 

    \... 

      \Bracket Asm, Heat Exchanger Asm 

        \Pump Retention Clamp, Bracket Asm 

          \Pump Retention Clamp Process 
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Pump Retention Clamp, Bracket Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Coolant Pump To Bracket 

Process Summary 

    \... 

      \Heat Exchanger Asm 

        \Bracket Asm, Heat Exchanger Asm 

          \Assemble Coolant Pump To Bracket 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1415 

Assemble Exchanger and Bracket 

Process Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Assemble Exchanger and Bracket 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1416 

Assemble Exchanger and Bracket 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Input Coolant Hose Asm, Heat Exchanger 
Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Input Coolant Hose Asm, Heat Exchanger Asm 
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Input Coolant Hose Asm, Heat Exchanger 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Input Coolant Hose Asm, Heat Exchanger 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1420 

Hose, Input Coolant Hose Asm 

Process Summary 

    \... 

      \Input Coolant Hose Asm, Heat Exchanger Asm 

        \Hose, Input Coolant Hose Asm 

          \Hose Process 
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Hose, Input Coolant Hose Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Hose 

Process Summary 

    \... 

      \Heat Exchanger Asm 

        \Input Coolant Hose Asm, Heat Exchanger Asm 

          \Assemble Hose 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Input Coolant Hose  

Process Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Assemble Input Coolant Hose  
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Assemble Input Coolant Hose  
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Outlet Hose Asm, Heat Exchanger 
Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Coolant Outlet Hose Asm, Heat Exchanger Asm 
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Coolant Outlet Hose Asm, Heat Exchanger 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Coolant Outlet Hose Asm, Heat Exchanger 
Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Hose, Coolant Outlet Hose Asm 

Process Summary 

    \... 

      \Coolant Outlet Hose Asm, Heat Exchanger Asm 

        \Hose, Coolant Outlet Hose Asm 

          \Hose Process 
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Hose, Coolant Outlet Hose Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Coolant Outlet Hose 

Process Summary 

    \... 

      \Heat Exchanger Asm 
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Assemble Coolant Outlet Hose 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Outlet Coolant Hose 

Process Summary 

    \... 

      \HVAC 

        \Heat Exchanger Asm 

          \Assemble Outlet Coolant Hose 
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Assemble Outlet Coolant Hose 

Click Here for Munro & Associates Wire Harness Report on Heat 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Heat Exchanger Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Heat Exchanger Installation 
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Heat Exchanger Installation 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1437 

Plenum Asm 

Assembly Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Plenum Asm 
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Plenum Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plenum Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1440 

Windshield Vent Asm, Plenum Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Plenum Asm 

          \Windshield Vent Asm, Plenum Asm 
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Windshield Vent Asm, Plenum Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Windshield Vent Asm, Plenum Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Vent, Windshield Vent Asm 

Process Summary 

    \... 

      \Windshield Vent Asm, Plenum Asm 

        \Vent, Windshield Vent Asm 

          \Vent Process 
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Vent, Windshield Vent Asm 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 

*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Base, Windshield Vent Asm 

Process Summary 

    \... 

      \Windshield Vent Asm, Plenum Asm 

        \Base, Windshield Vent Asm 

          \Base Process 
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Base, Windshield Vent Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Windshield Vent 

Process Summary 

    \... 

      \Plenum Asm 

        \Windshield Vent Asm, Plenum Asm 

          \Assemble Windshield Vent 
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Assemble Windshield Vent 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plenum Base Asm, Plenum Asm 

Assembly Summary 

    \... 

      \HVAC 

        \Plenum Asm 

          \Plenum Base Asm, Plenum Asm 
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Plenum Base Asm, Plenum Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plenum Base Asm, Plenum Asm 

Detailed Summary 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plenum, Plenum Base Asm 

Process Summary 

    \... 

      \Plenum Base Asm, Plenum Asm 

        \Plenum, Plenum Base Asm 

          \Plenum Process 
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Plenum, Plenum Base Asm 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Bracket, Plenum Base 

Process Summary 

    \... 

      \Plenum Base Asm, Plenum Asm 

        \Bracket, Plenum Base 

          \Bracket Process 
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Bracket, Plenum Base 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 

1456 

Assemble Plenum 

Process Summary 

    \... 

      \Plenum Asm 

        \Plenum Base Asm, Plenum Asm 

          \Assemble Plenum 
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Assemble Plenum 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Assemble Plenum 

Process Summary 

    \... 

      \HVAC 

        \Plenum Asm 

          \Assemble Plenum 
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Assemble Plenum 
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*  Excluding tooling, ER&D, logistics, and profit margin 

** Includes material cost and purchased parts cost 
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Plenum Installation 

Process Summary 

    \... 

      \Zone 6 Cooling Pack & HVAC 

        \HVAC 

          \Plenum Installation 
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Plenum Installation 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1462 

Appendix 
Reports 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1463 

TechInsights 
Electronics Reports 

Appendix 

http://www.leandesign.com/


www.teardown.com 
support@techinsights.com 

DISCLAIMER: All company names, product names, and service names mentioned are used for identification purposes only and may be registered trademarks, trademarks, or service marks of their respective owners.  All 
analyses are done without participation, authorization, or endorsement of the manufacturer.  Any cost analyses presented in this material are estimates prepared by TechInsights from generally available data.  While 
TechInsights believes that these estimates reflect the probable costs, the actual producer did not supply the data, and therefore the actual costs may be different from these estimates.  Furthermore, TechInsights extends 
no warranties with respect to any information in this document, and shall bear no liability whatsoever for the use of the information. 

Copyright © 2015, TechInsights.  All rights reserved.  Do not reproduce, distribute, disseminate, photocopy, fax, transmit, download to a shared database, or otherwise copy, transfer, sell, publish, or send this material, or 
any portion thereof, by any means without the express written permission of TechInsights.  

Deep Dive Report 
BMW i3 Damper Motor HVAC  

8044 
Report #15900-150212-RRb 

Product Description 

The BMW i3 Damper Motor HVAC Module is used to 

open and close the AC damper in the 2014 BMW 

i3. The Damper Motor itself is controlled by an 

Elmos #E11707D motor control driver. 
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Product Overview 

IC Die Count

IC Package Count

Retail Price

Total Manufacturing Cost

Electronics Cost

Integrated Circuits $2.17 9.2%

Modules, Discretes & Connectors $16.54 70.3%

Substrates $0.07 0.3%

Component Insertion $0.13 0.6%

Card Test $0.03 0.1%

Non-Electronic Parts $4.19 17.8%

Final Assembly & Test $0.39 1.7%

Total $23.52 100.0%

Cost Metrics

Manufacturing Cost Breakdown

$18.94

60.6 (Measured)

Product Dimensions 

(mm)

Integrated Circuit Metrics

1

1

Elmos #E11707D Motor Control Driver

Product Description

Product Type

Motor Control IC

$23.52

Automotive

Brand BMW

Product Name & Model # i3 Damper Motor HVAC

Product Features

Official Release Date 5/2/2014

84.62 x 50.49 x 25.45

(Measured at Longest/Widest/Thickest Points)

Weight (grams)
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Estimated block diagram based on observation of this specific product implementation, manufacturer’s 
data sheets where available, and best engineering judgment. Certain details of the interface circuitry 
are not reflected in this block diagram. Partitioning and connectivity are speculative. 

Block Diagram 

1 - Elmos 
#E11707D 
Motor Control Driver 

Motor 

Worm Gear 

Connector 
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Exterior Features 

Module Interface 
Connector 
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Exterior Features 

Damper Interface 
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Major Components (Side 1) 
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Major Components (Side 2) 
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Component Arrangement 
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Teardown Sequence 
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Teardown Sequence 
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Teardown Sequence 
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Main Board (Side 1 IC Identification) 

1 - Elmos 
#E11707D 
Motor Control Driver 

Grid = 1 cm 
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Main Board (Side 2) 

ELMOS #E11707D motor control driver 

Grid = 1 cm 
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Main Board Cross-Section 
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Substrate Data 

Assembly

Name
Manufacturer Core Material Mfg. Technology  Layers 

 Area

(cm²) 

  Min.

Trace

Pitch

(mm)  

  Min.

Trace

Width

(mm)  

  ThruVia

Land Dia

(mm)  

  ThruVia

Hole Dia

(mm)  

  BlindVia

Land Dia

(mm)  

BlindVia

Hole Dia

(mm)

Thickness

(mm)

Routing

Density

Estimated

Costs

Main Board AT&S FR4 2 Layer Conventional FR4 / HF 2 4.3 1.00 0.45 0.90 0.60 1.6 13.4 0.07$            

 Substrates 
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Integrated Circuit Components 

Note: Supplemental information, such as IC package & die markings, is included in the Excel Bill of Materials (BOM) spreadsheet. 

Pkg Ref. #
Pkg

Qty
Brand Name Part Number Pkg Description Form Pin Count

Length

(mm)

Width

(mm)

Height

(mm)
Die Ref # Die Qty Brand Name Part Number Description

Length

(mm)

Width

(mm)
Each Total

Main Board, Side 1 1 1 Elmos E11707D Motor Control Driver SOP 16 10.34 7.35 2.51 1.1 1 Elmos E11707D Motor Control Driver 3.74 2.88  $ 2.170  $ 2.170 

1 16 1 $2.17Totals

Location

Estimated 

Costs
Die InfoPackage Info
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Modular Components 

Pin 

Count

Length

(mm)

Width

(mm)
Each Total

Main Board, Side 2 1 Unknown None Motor: Stepping 4 38.70 21.83  $  16.450  $  16.450 

TOTALS 1 4 $16.45

Qty Brand Name Part Number

Package Estimated Costs

DescriptionLocation
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Passive Discrete Components 

Form Pin Count Each Total

2 Small Passive  Cap, Res, Ferrite 2 $0.005 $0.010

TOTALS 2 4 $0.01

Estimated 

Costs
Qty Functional Description

Package

Location
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Connectors 

Pin 

Count

Length

(mm)

Width

(mm)
Each Total

Main Board, Side 1 8 Connector: Pins 1 15.22 0.60 $0.010 $0.080

TOTALS 8 8 $0.08

Location

Estimated 

Costs
Qty Form

Package
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NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

Electronic Assembly Metrics 

General Area Assembly Name
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P
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Main Electronics Main Board 4.3 2 8.5 13.4 12 32 2.8 7.5 2.7 2.30

System Totals 4.3 2 8.5 12 32 2.8 7.5 2.7 2.30

Electronic Assembly Metrics by Assembly



www.teardown.com 
support@techinsights.com 

BMW i3 Damper Motor HVAC #15900-150212-RRb - Page 1484 Copyright © 2015, TechInsights 

Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name

T
o
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l
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d

 C
ir

c
u

it
s

M
o

d
u

la
r 

&
 O

d
d

 F
o

rm
 

C
o

m
p

o
n

e
n

ts

S
m

a
ll
 A

c
ti

v
e
 C

o
m

p
o

n
e
n

ts

P
a
s
s
iv

e
 C

o
m

p
o

n
e
n

ts

C
o

n
n

e
c
to

r 
C
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p
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n
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ts

S
u

b
s
tr

a
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s

In
s
e
rt

io
n

C
a
rd

 T
e
s
t

Main Electronics Main Board 18.94$               2.17$       16.45$               -$        0.01$          0.08$        0.07$           0.13$       0.03$           

System Totals 18.94$               2.17$       16.45$               -$        0.01$          0.08$        0.07$           0.13$       0.03$           

Electronics Costs by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 1 16 1 4 0 0 2 4 8 8 44

System Totals 1 16 1 4 0 0 2 4 8 8 44

Counts by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 1 1 16 10.8 0.03 76.0 0.14 21.1 0 0

System Totals 1 1 16 10.8 76.0 0.14 21.1 0 0

IC Metrics
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Non-Electronic Cost Estimate 

Subsystem
Part ID 

No.
Qty Description Fabrication Process Material Dimensions (mm)

Weight 

(grams)

Est'd Cost 

Each

Est'd

Extended Cost

1 1 Housing 1 Molded + Engraved PP + GF50 84.62 x 50.06 x 14.13 11.70 1.490 1.490

2 1 Housing 2 Molded + Pulls PP + GF50 84.62 x 50.49 x 18.38 14.70 1.950 1.950

3 1 Gear 1 Molded PP + GF50 22.7 x 22.7 x 15.11 2.70 0.330 0.330

4 1 Gear 2 Molded PP + GF50 22.73 x 22.73 x 11.59 1.80 0.220 0.220

5 1 Gear 3 (Blk) Molded PP + GF50 18.57 x 18.57 x 11.06 1.10 0.130 0.130

6 2 Gear Shafts Extruded Metal 13.97 x 1.45 x 13.97 0.40 0.010 0.020

7 1 Worm Gear Molded PP + GF50 12.89 x 6.97 x 6.97 0.30 0.050 0.050

8 $4.19Estimated CostTotal

Enclosure
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Final Ass’y Labor & 
Test Cost Estimate 

0.19$      

0.20$      Est'd final test cost

China

19

65

220

Made in

Est'd final assembly cost

Number of parts

Est'd number of steps

Est'd time (seconds)

Final Assembly & Test
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Cost Summary 

Non-Electronic Parts  
18% 

Main Electronic Assemblies 
80% 

Final Assembly & Test 
2% 

Main Electronic Assemblies 18.94$          

Non-Electronic Parts 4.19$            

Final Assembly & Test 0.39$            

Total 23.52$    

Estimated Cost Totals Cost Total Notes:

Estimated final assembly cost includes labor only.

Total cost does not include Non-recurring, R&D, G&A, 

IP licensing fees/royalties, software, sales & 

marketing, distribution.

Assumes fully scaled production.
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Cost Estimation Process 
(Overview & Discussion) 

Cost modeling is tricky business. Multiple variables affect the actual production costs a manufacturer will experience, including development expenses, 
unit volumes, supply-and-demand in component markets, die yield-curve maturity, OEM purchasing power, and even variations in accounting practices. 
Different cost modeling methods employ different assumptions about how to handle these and other variables, but we can identify two basic 
approaches:  that which seeks to track short-term variations in the inputs to the production process, and that which strives to maintain comparability of 
the output of the model across product families and over time.  

TechInsights’ philosophy in cost modeling is to emphasize consistency across products and comparability over time, rather than to track short-term 
fluctuations. During the past eight years, we have developed an estimation process that, while necessarily lacking an insider’s knowledge of the cost 
factors that impact any one manufacturer, is reasonably accurate in its prediction of unit costs in high-volume production environments.  We do not 
claim that the model will produce the “right” answer for your firm’s environment.  However, TechInsights does give customers a key analytical tool with 
a complete set of data in our Bill of Materials (BOM).  The BOM allows readers to 1) scrutinize the assumptions behind our cost model and 2) modify the 
results based on substitution of their own component cost estimates where they have better information based on inside knowledge. 
 
Our estimation process decomposes overall system cost into three major categories: Electronics, Mechanical, and Final Assembly.  We begin by creating 
a complete electronics bill-of-materials (BOM).  Each component from the largest ASIC to the smallest discrete resistor is entered into a BOM table with 
identifying attributes such as size, pitch, I/O count, package type, manufacturer, part number, estimated placement cost, and die size (if the component 
is an IC).   Integrated circuit costs are calculated from measured die area.  Using assumptions for wafer size, process type, number of die per wafer, 
defect density, and profit margin in combination with die area, an estimate of semiconductor cost is derived.  Costs for discrete components and 
interconnect are derived from assumption tables which relate BOM line items to specific cost estimates by component type and estimates for part 
placement costs are included.  For LCD display costs, we employ a model which tabulates expected cost from measurements of glass area, LCD type, 
and total pixel resolution.  When market costs are available from alternative sources, LCD panel costs are taken from and referenced to these sources. 
 
Costs of non-electronic components such as molded plastic enclosures and metallic components are measured in terms of weight, size, thickness, type 
of material, and complexity to arrive at their estimated cost.  Other system items such as optics, antennae, batteries and displays are costed from a set 
of assumption tables derived from a combination of industry data, average high volume costs, and external sources. For final assembly, we re-build the 
torn-down product, tabulating stepwise assembly times as the reconstruction proceeds, to reach a total assembly time.  Using a labor rate assumption 
for the country of origin, we then calculate final assembly cost. 
 
The three major categories for system cost contributors can be broken down into the subcategories of ICs, other electronics parts, displays, batteries 
(as appropriate), camera modules,  electronics assembly, non-electronic elements, and final assembly.  By adding the cost estimates for each of these 
subcategories, an overall estimated cost is derived for the system under evaluation.  Product packaging and accessories (CDs, cables, etc.) are also 
documented and estimated for their contribution to total cost as appropriate. 
 
We believe our cost estimates generally fall within 15 percent of the “right answer,” which itself can vary depending on the market and OEM-specific 
factors mentioned earlier.  While the TechInsights cost model is imperfect, it yields important insights into technology and business dynamics along with 
good first-order contributions to system cost by component type.  Additionally, the consistency of approach and gradual modification to assumptions 
(smoothing out frequently-shifting pricing factors) hopefully yields a credible, but user-modifiable, view of OEM high volume cost-to-produce.  
 
Please feel free to contact us at support@techinsights.com with any comments, questions, or proposed corrections with respect to our cost estimates.  
We welcome your input.  
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In our product teardowns, we gather a series of metrics for product profiling and comparison.  Some metrics focus on system characteristics such as 

total silicon area, total system semiconductor storage capacity, and total connection count.  Other metrics reflect more subtle aspects of electronics 

assembly such as connection density, average component I/O count, and silicon tiling density.  Taken as a whole, the metrics allow deeper 

comparison and benchmarking across multiple disciplines and multiple products.  Key metrics we gather on products are described below along with 

their definitions and what they tend to say about the system under study. Most metrics can be used both in comparing similar products for 

benchmarking purposes or for quantifying differences in levels of complexity between dissimilar product types.  Data fall into two categories; either 

“raw” measured data or ratios of these measured data sets. 

 

Total Silicon Area : This metric describes the total area of silicon as measured from X-ray or direct measurement of ICs.  The area is an expression of 

the enclosed bare die area and excludes packaging area.  The aggregate silicon area is a good benchmark to show how integrated a design might be 

when making comparisons to similar systems.  Total silicon area also reflects the major cost driver for most systems we examine.  

Silicon Tiling Density : Ratio of Total Silicon Area to total printed circuit board “projected” area (i.e. the simple board area and not the cumulative 

surface area of both sides of the board).  This metric directly reflects the level of efficiency and aggressiveness in integrated circuit packing and 

placement.  Single digit Silicon Tiling Density is typical but silicon coverage of 10% - 20% has been seen in some of the most advanced products we 

have examined.  Higher Tiling Densities often correspond with the use of chip scale packaging (CSPs) or other small form-factor IC packaging 

technologies.  High density circuit boards are also often a supporting technology. 

Number of Parts : Total component count including ICs, passives, modules, connectors, etc., each separated out in our reporting. 

Number of Connections : The total number of connections corresponds to the total number of interconnects introduced by the aggregate component 

set and reflects any electrical connection observed (solder joints, adhesive interconnect, or connector terminal interfaces). 

Opportunity Count : Opportunity Count is the total number of parts plus the total number of connections; the name reflects that each of these 

constituent elements represents an opportunity for failure.  A high opportunity count means more complex and riskier electronics assembly.  

Average Pin Count (APC) : Ratio of  total number of component terminals to total number of parts, at the system level.  This metric reflects the 

‘average’ terminal complexity of the components and often provide a signature of integration level and/or “digital-ness” of the overall product.  Low 

APCs  reflect a high number of discretes or other low-pincount devices often characteristic of analog circuitry.  Conversely, high APCs are 

characteristic of highly integrated, high-pincount assemblies, often those composed largely of digital integrated circuits. 

Connection Density : This metric is a ratio of the total Number of Connections to total printed circuit board assembly area, in units of connections per 

sq. inch. The metric provides data related to the Silicon Tiling Density above, but with an emphasis on complexity of I/O interconnect.  For example, 

with a fixed Connection Density, high tiling density of low-pincount memory chips is more readily achieved than comparable silicon tiling of high 

pincount logic. 

Part Density : This metric is a ratio of the total Number of Parts to total printed circuit board assembly area, in units of components per sq. inch. The 

metric provides data related to the Silicon Tiling Density and Connection Density as described above, but with an emphasis on density and complexity 

of component packing efficiency.  For example, low Part Density of high-pincount devices can pose an equal challenge in Connection Density to high 

Part Density of low-pincount devices.  High Part Density does reflect challenges in surface mount assembly in terms of (typically) precision of 

placement, number of placements, and engineering of part clearances. 

Routing Density (heuristic estimate) = 3*(Average Pin Count)*√Part Density.   The Routing Density metric is an empirically derived relationship that 

characterizes the wiring density of the interconnect used to support the interconnection of components in a planar electronic assembly (i.e. the circuit 

board).  Architectural issues such as bussing or other factors affecting the regularity of wiring impact the actual Routing Density needed to support a 

given application, but the metric provides a ready measure of wiring complexity.   

Metrics (Overview & Discussion) 
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Appendix 

Click Here to Return to 

Cost Analysis Page 1010 

Click Here to Return to 

Cost Analysis Page 1038 

http://www.leandesign.com/
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Deep Dive Report 
BMW i3 Blower Controller, HVAC 

8040 
Report #15900-150224-RRb 

Product Description 

The Denso-sourced Blower Controller, HVAC 

LIN2.0 module regulates the air-flow speed of the 

fan blower in the 2014 BMW i3. It features a 

Renesas #μPD79F0143 8-bit single-chip 

microcontroller with LIN connectivity. 



www.teardown.com 
support@techinsights.com 

Blower Controller, HVAC #15900-150224-RRb - Page 1494 Copyright © 2015, TechInsights 

Product Overview 

IC Die Count

IC Package Count

Retail Price

Total Manufacturing Cost

Electronics Cost

Integrated Circuits $2.55 17.4%

Modules, Discretes & Connectors $5.04 34.3%

Substrates $0.58 3.9%

Component Insertion $0.53 3.6%

Card Test $0.29 2.0%

Non-Electronic Parts $4.89 33.3%

Final Assembly & Test $0.81 5.5%

Total $14.69 100.0%

Automotive

Brand BMW / Denso

Product Name & Model # i3 Blower Controller

Product Features

Official Release Date 5/2/2014

137.1 x 53.84 x 37.43

(Measured at Longest/Widest/Thickest Points)

Weight (grams) 142.5 (Measured)

Product Dimensions 

(mm)

Integrated Circuit Metrics

4

4

Renesas #μPD79F0143 8-Bit Single-Chip 

Microcontroller

Product Description

Product Type

Processor

Communications NXP #TJA1028T LIN Transceiver

Cost Metrics

Manufacturing Cost Breakdown

$8.99

$14.69
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Block Diagram 

1 - Renesas 
#μPD79F0143 ? 
8-Bit Microcontroller 

2 - NXP Semiconductor 
#TJA1028T 
LIN Transceiver 

Input Power/Settings 
Connection 

Blower Interface 
Connection 
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Product Label 
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Exterior Features 

Input Power/Settings 
Connection 

Blower Interface 
Connection 
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Exterior Features 
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Major Components (Side 1) 
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Major Components (Side 2) 
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Component Arrangement 
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Teardown Sequence 
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Teardown Sequence 
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Main Board (Side 1) 

Grid = 1 cm 
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Main Board (Side 1 IC Identification) 

Grid = 1 cm 

2 - NXP Semiconductor 
#TJA1028T 
LIN Transceiver 

3 - New Japan Radio (JRC) 
#NJM2904 
 Dual Operational Amplifier 

4 - New Japan Radio (JRC) 
#NJM2903 
Single-Supply Dual Comparator 

1 - Renesas 
#UPD79F0143 ? 
8-Bit Microcontroller 
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Main Board (Side 2) 

Grid = 1 cm 
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Main Board Cross-Section 
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Substrate Data 

Assembly

Name
Manufacturer Core Material Mfg. Technology  Layers 

 Area

(cm²) 

  Min.

Trace

Pitch

(mm)  

  Min.

Trace

Width

(mm)  

  ThruVia

Land Dia

(mm)  

  ThruVia

Hole Dia

(mm)  

  BlindVia

Land Dia

(mm)  

BlindVia

Hole Dia

(mm)

Thickness

(mm)

Routing

Density

Estimated

Costs

Main Board Unknown FR4 2 Layer Conventional FR4 / HF 2 38.4 0.60 0.20 0.80 0.40 1.6 12.7 0.58$            

 Substrates 
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Integrated Circuit Components 

Note: Supplemental information, such as IC package & die markings, is included in the Excel Bill of Materials (BOM) spreadsheet. 

Pkg Ref. #
Pkg

Qty
Brand Name Part Number Pkg Description Form Pin Count

Length

(mm)

Width

(mm)

Height

(mm)
Die Ref # Die Qty Brand Name Part Number Description

Length

(mm)

Width

(mm)
Each Total

1 1 Renesas UPD79F0143 ? 8-Bit Microcontroller SOP 30 9.84 5.92 1.21 1.1 1 Renesas / NEC 1820 8-Bit Microcontroller 2.84 2.69  $  2.098  $  2.098 

2 1 NXP Semiconductor TJA1028T LIN Transceiver SOP 8 4.94 3.83 1.45 2.1 1 NXP Semiconductor CF1433A ? LIN Transceiver 2.25 1.59  $  0.219  $  0.219 

3 1 New Japan Radio (JRC) NJM2904 Dual Operational Amplifier SOP 8 2.95 2.76 1.19 3.1 1 New Japan Radio (JRC) 2904 740  Dual Operational Amplifier 1.33 1.21  $  0.127  $  0.127 

4 1 New Japan Radio (JRC) NJM2903 Single-Supply Dual Comparator SOP 8 2.94 2.71 1.13 4.1 1 New Japan Radio (JRC) 2903 206 Single-Supply Dual Comparator 1.19 1.06  $  0.110  $  0.110 

4 54 4 $2.55Totals

Location

Estimated 

Costs
Die InfoPackage Info

Main Board, Side 1
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Active Discrete Components 

Form Top Marking Pin Count
Length

(mm)

Width

(mm)
Each Total

1 Small Active  Diode, Schottky General Semiconductor Logo MBRB30H45CT 1408A 3 10.08 8.25 $0.730 $0.730

2 Small Active  MOSFET Infineon Logo 4N0406 GRK411 R, Logo 4N0406 GR409 R 3 6.22 6.06 $0.300 $0.600

2 Small Active  MOSFET Infineon Logo 4P0405 GRA413 R 3 6.45 6.28 $0.450 $0.900

1 Small Active  Transistor, Small t 02 3 2.04 1.29 $0.030 $0.030

4 Small Active  Diode, SMT 65, SJ M41 2 2.06 1.32 $0.015 $0.060

2 Small Active  Transistor, Small ZI 07 6 2.90 1.50 $0.030 $0.060

TOTALS 12 38 $2.38

Location Functional DescriptionQty

Package Estimated Costs

Main Board, Side 1
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Passive Discrete Components 

Form Pin Count Each Total

1 Capacitor  Electrolytic, Small 2 $0.109 $0.109

1 Capacitor  Electrolytic, Medium 2 $0.226 $0.226

2 Capacitor  Electrolytic, Large 2 $0.228 $0.456

1 Coil  SMT, Large 2 $0.280 $0.280

17 Small Passive  Cap, Res, Ferrite 2 $0.004 $0.068

6 Small Passive  Cap, Res, Ferrite 2 $0.004 $0.024

15 Small Passive  Cap, Res, Ferrite 2 $0.004 $0.060

38 Small Passive  Cap, Res, Ferrite 2 $0.004 $0.152

TOTALS 81 162 $1.38

Estimated 

Costs

Main Board, Side 1

Qty Functional Description

Package

Location
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Connectors 

Pin 

Count

Length

(mm)

Width

(mm)
Each Total

Main Board, Side 1 1 Connector: Vehicle Wiring 6 66.34 26.00 $1.290 $1.290

TOTALS 1 6 $1.29

Location

Estimated 

Costs
Qty Form

Package
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NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

Electronic Assembly Metrics 

General Area Assembly Name
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Main Electronics Main Board 38.4 2 76.8 12.7 98 260 2.6 6.8 2.7 40.60

System Totals 38.4 2 76.8 98 260 2.6 6.8 2.7 40.60

Electronic Assembly Metrics by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 8.99$                 2.55$       -$                  2.38$      1.38$          1.29$         0.58$           0.53$       0.29$           

System Totals 8.99$                 2.55$       -$                  2.38$      1.38$          1.29$         0.58$           0.53$       0.29$           

Electronics Costs by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 4 54 0 0 12 38 81 162 1 6 358

System Totals 4 54 0 0 12 38 81 162 1 6 358

Counts by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 4 4 54 14.1 0 93.3 0.15 57.9 0 0

System Totals 4 4 54 14.1 93.3 0.15 57.9 0 0

IC Metrics
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Electronic Costs Breakdown 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

  Estimated Cost  
of Electronics  

  

$8.99 

Card Test 
3% 

Insertion 
6% 

Small Active 
Components 

27% 

Substrates 
6% 

Passive 
Components 

15% 

Connector 
Components 

14% 

Integrated Circuits 
29% 
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Vendor IC Cost Distribution 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

Renesas 
82% 

JRC 
9% 

NXP 
9% 

Pkg. Brand Cost
Renesas $2.10

New Japan Radio (JRC) $0.24

NXP Semiconductor $0.22
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Non-Electronic Cost Estimate 

Subsystem
Part ID 

No.
Qty Description Fabrication Process Material Dimensions (mm)

Weight 

(grams)

Est'd Cost 

Each

Est'd

Extended Cost

1 1 Cover Housing Molded PA66-GF25 137.1 x 51.6 x 27.37 19.90 1.680 1.680

2 1 Heat Sink Cast + Anodized + Machined Aluminum 136.43 x 53.89 x 25.02 80.50 3.030 3.030

3 2 Bumpers Extruded Rubber 8.9 x 6.78 x 8.9 0.80 0.020 0.040

4 1 Label Die-Cut + Printed Plastic 31.39 x 24.94 x 0.06 0.05 0.060 0.060

5 1 Foam Gasket Die-Cut Foam + Adhesive 107.83 x 53.59 x 2.66 0.60 0.080 0.080

6 $4.89Estimated CostTotal

Enclosure
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Final Ass’y Labor & 
Test Cost Estimate 

0.61$      

0.20$      Est'd final test cost

Spain

8

26

82

Made in

Est'd final assembly cost

Number of parts

Est'd number of steps

Est'd time (seconds)

Final Assembly & Test
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Cost Summary 

Non-Electronic Parts  
33% 

Main Electronic Assemblies 
61% 

Final Assembly & Test 
6% 

Main Electronic Assemblies 8.99$            

Non-Electronic Parts 4.89$            

Final Assembly & Test 0.81$            

Total 14.69$    

Estimated Cost Totals Cost Total Notes:

Estimated final assembly cost includes labor only.

Total cost does not include Non-recurring, R&D, G&A, 

IP licensing fees/royalties, software, sales & 

marketing, distribution.

Assumes fully scaled production.
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Cost Estimation Process 
(Overview & Discussion) 

Cost modeling is tricky business. Multiple variables affect the actual production costs a manufacturer will experience, including development expenses, 
unit volumes, supply-and-demand in component markets, die yield-curve maturity, OEM purchasing power, and even variations in accounting practices. 
Different cost modeling methods employ different assumptions about how to handle these and other variables, but we can identify two basic 
approaches:  that which seeks to track short-term variations in the inputs to the production process, and that which strives to maintain comparability of 
the output of the model across product families and over time.  

TechInsights’ philosophy in cost modeling is to emphasize consistency across products and comparability over time, rather than to track short-term 
fluctuations. During the past eight years, we have developed an estimation process that, while necessarily lacking an insider’s knowledge of the cost 
factors that impact any one manufacturer, is reasonably accurate in its prediction of unit costs in high-volume production environments.  We do not 
claim that the model will produce the “right” answer for your firm’s environment.  However, TechInsights does give customers a key analytical tool with 
a complete set of data in our Bill of Materials (BOM).  The BOM allows readers to 1) scrutinize the assumptions behind our cost model and 2) modify the 
results based on substitution of their own component cost estimates where they have better information based on inside knowledge. 
 
Our estimation process decomposes overall system cost into three major categories: Electronics, Mechanical, and Final Assembly.  We begin by creating 
a complete electronics bill-of-materials (BOM).  Each component from the largest ASIC to the smallest discrete resistor is entered into a BOM table with 
identifying attributes such as size, pitch, I/O count, package type, manufacturer, part number, estimated placement cost, and die size (if the component 
is an IC).   Integrated circuit costs are calculated from measured die area.  Using assumptions for wafer size, process type, number of die per wafer, 
defect density, and profit margin in combination with die area, an estimate of semiconductor cost is derived.  Costs for discrete components and 
interconnect are derived from assumption tables which relate BOM line items to specific cost estimates by component type and estimates for part 
placement costs are included.  For LCD display costs, we employ a model which tabulates expected cost from measurements of glass area, LCD type, 
and total pixel resolution.  When market costs are available from alternative sources, LCD panel costs are taken from and referenced to these sources. 
 
Costs of non-electronic components such as molded plastic enclosures and metallic components are measured in terms of weight, size, thickness, type 
of material, and complexity to arrive at their estimated cost.  Other system items such as optics, antennae, batteries and displays are costed from a set 
of assumption tables derived from a combination of industry data, average high volume costs, and external sources. For final assembly, we re-build the 
torn-down product, tabulating stepwise assembly times as the reconstruction proceeds, to reach a total assembly time.  Using a labor rate assumption 
for the country of origin, we then calculate final assembly cost. 
 
The three major categories for system cost contributors can be broken down into the subcategories of ICs, other electronics parts, displays, batteries 
(as appropriate), camera modules,  electronics assembly, non-electronic elements, and final assembly.  By adding the cost estimates for each of these 
subcategories, an overall estimated cost is derived for the system under evaluation.  Product packaging and accessories (CDs, cables, etc.) are also 
documented and estimated for their contribution to total cost as appropriate. 
 
We believe our cost estimates generally fall within 15 percent of the “right answer,” which itself can vary depending on the market and OEM-specific 
factors mentioned earlier.  While the TechInsights cost model is imperfect, it yields important insights into technology and business dynamics along with 
good first-order contributions to system cost by component type.  Additionally, the consistency of approach and gradual modification to assumptions 
(smoothing out frequently-shifting pricing factors) hopefully yields a credible, but user-modifiable, view of OEM high volume cost-to-produce.  
 
Please feel free to contact us at support@techinsights.com with any comments, questions, or proposed corrections with respect to our cost estimates.  
We welcome your input.  
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In our product teardowns, we gather a series of metrics for product profiling and comparison.  Some metrics focus on system characteristics such as 

total silicon area, total system semiconductor storage capacity, and total connection count.  Other metrics reflect more subtle aspects of electronics 

assembly such as connection density, average component I/O count, and silicon tiling density.  Taken as a whole, the metrics allow deeper 

comparison and benchmarking across multiple disciplines and multiple products.  Key metrics we gather on products are described below along with 

their definitions and what they tend to say about the system under study. Most metrics can be used both in comparing similar products for 

benchmarking purposes or for quantifying differences in levels of complexity between dissimilar product types.  Data fall into two categories; either 

“raw” measured data or ratios of these measured data sets. 

 

Total Silicon Area : This metric describes the total area of silicon as measured from X-ray or direct measurement of ICs.  The area is an expression of 

the enclosed bare die area and excludes packaging area.  The aggregate silicon area is a good benchmark to show how integrated a design might be 

when making comparisons to similar systems.  Total silicon area also reflects the major cost driver for most systems we examine.  

Silicon Tiling Density : Ratio of Total Silicon Area to total printed circuit board “projected” area (i.e. the simple board area and not the cumulative 

surface area of both sides of the board).  This metric directly reflects the level of efficiency and aggressiveness in integrated circuit packing and 

placement.  Single digit Silicon Tiling Density is typical but silicon coverage of 10% - 20% has been seen in some of the most advanced products we 

have examined.  Higher Tiling Densities often correspond with the use of chip scale packaging (CSPs) or other small form-factor IC packaging 

technologies.  High density circuit boards are also often a supporting technology. 

Number of Parts : Total component count including ICs, passives, modules, connectors, etc., each separated out in our reporting. 

Number of Connections : The total number of connections corresponds to the total number of interconnects introduced by the aggregate component 

set and reflects any electrical connection observed (solder joints, adhesive interconnect, or connector terminal interfaces). 

Opportunity Count : Opportunity Count is the total number of parts plus the total number of connections; the name reflects that each of these 

constituent elements represents an opportunity for failure.  A high opportunity count means more complex and riskier electronics assembly.  

Average Pin Count (APC) : Ratio of  total number of component terminals to total number of parts, at the system level.  This metric reflects the 

‘average’ terminal complexity of the components and often provide a signature of integration level and/or “digital-ness” of the overall product.  Low 

APCs  reflect a high number of discretes or other low-pincount devices often characteristic of analog circuitry.  Conversely, high APCs are 

characteristic of highly integrated, high-pincount assemblies, often those composed largely of digital integrated circuits. 

Connection Density : This metric is a ratio of the total Number of Connections to total printed circuit board assembly area, in units of connections per 

sq. inch. The metric provides data related to the Silicon Tiling Density above, but with an emphasis on complexity of I/O interconnect.  For example, 

with a fixed Connection Density, high tiling density of low-pincount memory chips is more readily achieved than comparable silicon tiling of high 

pincount logic. 

Part Density : This metric is a ratio of the total Number of Parts to total printed circuit board assembly area, in units of components per sq. inch. The 

metric provides data related to the Silicon Tiling Density and Connection Density as described above, but with an emphasis on density and complexity 

of component packing efficiency.  For example, low Part Density of high-pincount devices can pose an equal challenge in Connection Density to high 

Part Density of low-pincount devices.  High Part Density does reflect challenges in surface mount assembly in terms of (typically) precision of 

placement, number of placements, and engineering of part clearances. 

Routing Density (heuristic estimate) = 3*(Average Pin Count)*√Part Density.   The Routing Density metric is an empirically derived relationship that 

characterizes the wiring density of the interconnect used to support the interconnection of components in a planar electronic assembly (i.e. the circuit 

board).  Architectural issues such as bussing or other factors affecting the regularity of wiring impact the actual Routing Density needed to support a 

given application, but the metric provides a ready measure of wiring complexity.   

Metrics (Overview & Discussion) 
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Cost Analysis Page 
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Deep Dive Report 
BMW i3 ECU HVAC Assembly   

Part #8024 
Report # 15900-150217-SBb 

Product Description 

The Valeo-sourced Electronic Control Unit 

(ECU) assembly controls the HVAC portion of 

the 2014 BMW i3. This device consists of a 

single printed circuit board (PCB) protected by 

top and bottom glass-filled polycarbonate 

enclosures. It also has two connectors on one 

side. It is controlled by a Freescale 32-bit 

microcontroller. 
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Product Overview 

IC Die Count

IC Package Count

Retail Price

Total Manufacturing Cost

Electronics Cost

Integrated Circuits $8.19 38.6%

Modules, Discretes & Connectors $6.63 31.3%

Substrates $1.12 5.3%

Component Insertion $0.92 4.3%

Card Test $0.56 2.6%

Non-Electronic Parts $3.55 16.7%

Final Assembly & Test $0.24 1.1%

Total $21.21 100.0%

108.21 x 80.66 x 38.27

Weight (grams) 83.6

Product Dimensions 

(mm)

Automotive

Brand Valeo

Product Name & Model # ECU HVAC Assembly

Integrated Circuit Metrics

3

3

Freescale 32-Bit Microcontroller

Product Description

Product Type

Microcontroller

Product Features

Official Release Date 5/2/2014

Communications N/A

Connectivity N/A

Cost Metrics

Manufacturing Cost Breakdown

$17.42

$21.21

Interface N/A
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Estimated block diagram based on observation of this specific product implementation, manufacturer’s 
data sheets where available, and best engineering judgment. Certain details of the interface circuitry 
are not reflected in this block diagram. Partitioning and connectivity are speculative. 

Block Diagram 

3 - Infineon 
#BTS5030-1EJA 

Single Channel Smart 
High-Side Power Switch 

6 - Unknown 
#Unknown 

ESD Protection ? 

Connector 

? = Unconfirmed 

2 - NXP Semiconductor 
#UJA1078 

System Basis Chip 

1 - Freescale 
#SPC5606 

32-Bit Microcontroller 
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Product Label 
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Exterior Features 

Connectors 
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Exterior Features 
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Exterior Features 
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Exterior Features 
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Major Components (Side 1) 
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Major Components (Side 2) 
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Component Arrangement 
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Teardown Sequence 
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Teardown Sequence 
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Teardown Sequence 
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Main Board (Side 1) 

Grid = 1 cm 

Connectors 



www.teardown.com 
support@techinsights.com 

BMW i3 ECU HVAC Assembly #15900-150217-SBb - Page 1540 Copyright © 2015, TechInsights 

Main Board (Side 1 IC Identification) 

1 - Freescale 
#SPC5606 
32-Bit Microcontroller 

2 - NXP Semiconductor 
#UJA1078 
System Basis Chip 

3 - Infineon 
#BTS5030-1EJA 
Single Channel Smart High-Side Power Switch 

Grid = 1 cm ? = Unconfirmed 
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Main Board (Side 2) 

Grid = 1 cm 
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Main Board Cross-Section 
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Substrate Data 

Assembly

Name
Manufacturer Core Material Mfg. Technology  Layers 

 Area

(cm²) 

  Min.

Trace

Pitch

(mm)  

  Min.

Trace

Width

(mm)  

  ThruVia

Land Dia

(mm)  

  ThruVia

Hole Dia

(mm)  

  BlindVia

Land Dia

(mm)  

BlindVia

Hole Dia

(mm)

Thickness

(mm)

Routing

Density

Estimated

Costs

Main Board ELEC & ELTEK MULTILAYER PCB LTD FR4 4 Layer Conventional FR4 / HF 4 63.0 0.51 0.20 1.10 0.44 1.5 15.8 1.12$            

 Substrates 
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Integrated Circuit Components 

Note: Supplemental information, such as IC package & die markings, is included in the Excel Bill of Materials (BOM) spreadsheet. 

Pkg Ref. #
Pkg

Qty
Brand Name Part Number Pkg Description Form Pin Count

Length

(mm)

Width

(mm)

Height

(mm)
Die Ref # Die Qty Brand Name Part Number Description

Length

(mm)

Width

(mm)
Each Total

1 1 Freescale SPC5606 32-Bit Microcontroller QFP 100 13.77 13.77 1.68 1.1 1 Freescale N13E 32-Bit Microcontroller 4.79 4.67  $  5.385  $  5.385 

2 1 NXP Semiconductor UJA1078 System Basis Chip SOP 32 10.97 6.10 1.04 2.1 1 NXP Semiconductor cF1501A System Basis Chip 4.25 3.22  $  2.559  $  2.559 

3 1 Infineon BTS5030-1EJA Single Channel Smart High-Side Power SwitchSOP 8 5.04 3.74 1.59 3.1 1 Infineon 8306B11 Single Channel Smart High-Side Power Switch2.36 1.79  $  0.249  $  0.249 

3 140 3 $8.19Totals

Location

Estimated 

Costs
Die InfoPackage Info

Main Board, Side 1
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Modular Components 

Pin 

Count

Length

(mm)

Width

(mm)
Each Total

Main Board, Side 1 1 Unknown Unknown Crystal: Ceramic 4 3.00 1.26  $  0.200  $  0.200 

TOTALS 1 4 $0.20

Qty Brand Name Part Number

Package
Estimated 

Costs
DescriptionLocation
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Active Discrete Components 

Form Top Marking Pin Count
Length

(mm)

Width

(mm)
Each Total

1 Small Active  Diode, ESD 50S 43 5 2.92 1.54 $0.100 $0.100

1 Small Active  MOSFET Infineon Logo 4P04L11 GRC416 R 3 6.48 6.12 $0.250 $0.250

1 Small Active  MOSFET W45/16 BCP53 4 6.24 3.38 $0.090 $0.090

1 Small Active  Transistor, Small A4T 3 2.15 1.16 $0.030 $0.030

2 Small Active  Diode, SMT SG 44 2 4.18 2.57 $0.060 $0.120

1 Small Active  Diode, SMT NT G MVY Z416 2 4.17 3.70 $0.060 $0.060

1 Small Active  Transistor, Small Y2W44 3 2.92 1.23 $0.030 $0.030

1 Small Active  Transistor, Small Z4F 3 2.93 1.23 $0.030 $0.030

1 Small Active  Transistor, Small JST 44 3 2.78 1.25 $0.030 $0.030

1 Small Active  Transistor, Small 5CT 3 2.11 1.10 $0.030 $0.030

2 Small Active  Transistor, Small 44/GS 3 2.00 1.14 $0.030 $0.060

1 Small Active  Transistor, Small 6CT 3 2.15 1.12 $0.030 $0.030

TOTALS 14 42 $0.86

Location Functional DescriptionQty

Package Estimated Costs

Main Board, Side 1

Main Board, Side 2
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Passive Discrete Components 

Form Pin Count Each Total

1 Capacitor  Electrolytic, Small 2 $0.040 $0.040

1 Capacitor  Electrolytic, Medium 2 $0.110 $0.110

79 Small Passive  Cap, Res, Ferrite 2 $0.004 $0.316

1 Coil  SMT, CMC 4 $0.150 $0.150

Main Board, Side 2 76 Small Passive  Cap, Res, Ferrite 2 $0.004 $0.304

TOTALS 158 318 $0.92

Main Board, Side 1

Qty Functional Description

Package

Location

Estimated 

Costs
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Connectors 

Pin 

Count

Length

(mm)

Width

(mm)
Each Total

Main Board, Side 1 1 Bd to Bd: Male or Female 52 98.20 28.44 $4.650 $4.650

TOTALS 1 52 $4.65

Location

Estimated 

Costs
Qty Form

Package
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NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

Electronic Assembly Metrics 

General Area Assembly Name
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Main Electronics Main Board 63.0 4 252.0 15.8 177 556 2.8 8.8 3.1 45.30

System Totals 63.0 4 252 177 556 2.8 8.8 3.1 45.30

Electronic Assembly Metrics by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 17.42$               8.19$       0.20$                 0.86$      0.92$          4.65$       1.12$           0.92$       0.56$           

System Totals 17.42$               8.19$       0.20$                 0.86$      0.92$          4.65$       1.12$           0.92$       0.56$           

Electronics Costs by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name
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Main Electronics Main Board 3 140 1 4 14 42 158 318 1 52 733

System Totals 3 140 1 4 14 42 158 318 1 52 733

Counts by Assembly
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Electronic Assembly Metrics 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

General Area Assembly Name

IC
 D

ie
 C

o
u

n
t

IC
 P

a
c
k
a
g

e
 C

o
u

n
t

N
u

m
b

e
r 

o
f 

P
a
c
k
a
g

e
 C

o
n

n
e
c
ti

o
n

s

D
ie

 A
re

a

(s
q

.m
m

)

S
u

b
s
tr

a
te

 T
il
in

g
 D

e
n

s
it

y

(d
ie

 a
re

a
 /
 s

u
b

s
tr

a
te

 a
re

a
)

P
a
c
k
a
g

e
 A

re
a

(s
q

.m
m

)

D
ie

 A
re

a
/P

a
c
k
a
g

e
 A

re
a
 R

a
ti

o

P
a
c
k
a
g

e
 C

o
n

n
e
c
ti

o
n

s

p
e
r 

s
q

.c
m

 o
f 

P
a
c
k
a
g

e
 A

re
a

V
o

la
ti

le
 M

e
m

o
ry

(K
B

y
te

s
)

N
o

n
-V

o
la

ti
le

 M
e
m

o
ry

(K
B

y
te

s
)

Main Electronics Main Board 3 3 140 40.3 0.01 275.4 0.15 50.8 0 0

System Totals 3 3 140 40.3 275.4 0.15 50.8 0 0

IC Metrics
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Electronic Costs Breakdown 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

  Estimated Cost  
of Electronics  

(Includes Subsystem Electronics) 

$17.42 

Card Test 
3% 

Insertion 
5% 

Small Active Components 
5% 

Modular & Odd Components 
1% 

Substrates 
6% 

Passive Components 
5% 

Connector 
Components 

27% 

Integrated Circuits 
48% 
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Vendor IC Cost Distribution 

NOTE: Occasional inconsistencies in totals may be present due to rounding error.    

* Includes Subsystem Vendors & Associated Costs 

NXP Semi 
31% 

Infineon 
3% 

Freescale 
66% 

Pkg. Brand Cost
Freescale $5.39

NXP Semiconductor $2.56

Infineon $0.25



www.teardown.com 
support@techinsights.com 

BMW i3 ECU HVAC Assembly #15900-150217-SBb - Page 1555 Copyright © 2015, TechInsights 

Non-Electronic Cost Estimate 

Subsystem
Part ID 

No.
Qty Description Fabrication Process Material Dimensions (mm)

Weight 

(grams)

Est'd Cost 

Each

Est'd

Extended Cost

2 1 Top Enclosure Molded PP + GF20 108.35 x 73.84 x 24.61 17.30 1.460 1.460

3 1 Bottom Enclosure Molded + Pulls PP + GF20 108.43 x 72.28 x 21.94 20.50 2.030 2.030

Miscellaneous 1 1 Label Die-Cut Plastic + Adhesive 59.73 x 31.95 x 0.09 0.20 0.060 0.060

3 $3.55Estimated CostTotal

Enclosures
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Final Ass’y Labor & 
Test Cost Estimate 

0.04$      

0.20$      Est'd final test cost

China

5

15

45

Made in

Est'd final assembly cost

Number of parts

Est'd number of steps

Est'd time (seconds)

Final Assembly & Test
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Cost Summary 

Non-Electronic Parts  
17% 

Main Electronic Assemblies 
82% 

Final Assembly & Test 
1% 

Main Electronic Assemblies 17.42$          

Non-Electronic Parts 3.55$            

Final Assembly & Test 0.24$            

Total 21.21$    

Estimated Cost Totals Cost Total Notes:

Estimated final assembly cost includes labor only.

Total cost does not include Non-recurring, R&D, G&A, 

IP licensing fees/royalties, software, sales & 

marketing, distribution.

Assumes fully scaled production.
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Cost Estimation Process 
(Overview & Discussion) 

Cost modeling is tricky business. Multiple variables affect the actual production costs a manufacturer will experience, including development expenses, 
unit volumes, supply-and-demand in component markets, die yield-curve maturity, OEM purchasing power, and even variations in accounting practices. 
Different cost modeling methods employ different assumptions about how to handle these and other variables, but we can identify two basic 
approaches:  that which seeks to track short-term variations in the inputs to the production process, and that which strives to maintain comparability of 
the output of the model across product families and over time.  

TechInsights’ philosophy in cost modeling is to emphasize consistency across products and comparability over time, rather than to track short-term 
fluctuations. During the past eight years, we have developed an estimation process that, while necessarily lacking an insider’s knowledge of the cost 
factors that impact any one manufacturer, is reasonably accurate in its prediction of unit costs in high-volume production environments.  We do not 
claim that the model will produce the “right” answer for your firm’s environment.  However, TechInsights does give customers a key analytical tool with 
a complete set of data in our Bill of Materials (BOM).  The BOM allows readers to 1) scrutinize the assumptions behind our cost model and 2) modify the 
results based on substitution of their own component cost estimates where they have better information based on inside knowledge. 
 
Our estimation process decomposes overall system cost into three major categories: Electronics, Mechanical, and Final Assembly.  We begin by creating 
a complete electronics bill-of-materials (BOM).  Each component from the largest ASIC to the smallest discrete resistor is entered into a BOM table with 
identifying attributes such as size, pitch, I/O count, package type, manufacturer, part number, estimated placement cost, and die size (if the component 
is an IC).   Integrated circuit costs are calculated from measured die area.  Using assumptions for wafer size, process type, number of die per wafer, 
defect density, and profit margin in combination with die area, an estimate of semiconductor cost is derived.  Costs for discrete components and 
interconnect are derived from assumption tables which relate BOM line items to specific cost estimates by component type and estimates for part 
placement costs are included.  For LCD display costs, we employ a model which tabulates expected cost from measurements of glass area, LCD type, 
and total pixel resolution.  When market costs are available from alternative sources, LCD panel costs are taken from and referenced to these sources. 
 
Costs of non-electronic components such as molded plastic enclosures and metallic components are measured in terms of weight, size, thickness, type 
of material, and complexity to arrive at their estimated cost.  Other system items such as optics, antennae, batteries and displays are costed from a set 
of assumption tables derived from a combination of industry data, average high volume costs, and external sources. For final assembly, we re-build the 
torn-down product, tabulating stepwise assembly times as the reconstruction proceeds, to reach a total assembly time.  Using a labor rate assumption 
for the country of origin, we then calculate final assembly cost. 
 
The three major categories for system cost contributors can be broken down into the subcategories of ICs, other electronics parts, displays, batteries 
(as appropriate), camera modules,  electronics assembly, non-electronic elements, and final assembly.  By adding the cost estimates for each of these 
subcategories, an overall estimated cost is derived for the system under evaluation.  Product packaging and accessories (CDs, cables, etc.) are also 
documented and estimated for their contribution to total cost as appropriate. 
 
We believe our cost estimates generally fall within 15 percent of the “right answer,” which itself can vary depending on the market and OEM-specific 
factors mentioned earlier.  While the TechInsights cost model is imperfect, it yields important insights into technology and business dynamics along with 
good first-order contributions to system cost by component type.  Additionally, the consistency of approach and gradual modification to assumptions 
(smoothing out frequently-shifting pricing factors) hopefully yields a credible, but user-modifiable, view of OEM high volume cost-to-produce.  
 
Please feel free to contact us at support@techinsights.com with any comments, questions, or proposed corrections with respect to our cost estimates.  
We welcome your input.  
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In our product teardowns, we gather a series of metrics for product profiling and comparison.  Some metrics focus on system characteristics such as 

total silicon area, total system semiconductor storage capacity, and total connection count.  Other metrics reflect more subtle aspects of electronics 

assembly such as connection density, average component I/O count, and silicon tiling density.  Taken as a whole, the metrics allow deeper 

comparison and benchmarking across multiple disciplines and multiple products.  Key metrics we gather on products are described below along with 

their definitions and what they tend to say about the system under study. Most metrics can be used both in comparing similar products for 

benchmarking purposes or for quantifying differences in levels of complexity between dissimilar product types.  Data fall into two categories; either 

“raw” measured data or ratios of these measured data sets. 

 

Total Silicon Area : This metric describes the total area of silicon as measured from X-ray or direct measurement of ICs.  The area is an expression of 

the enclosed bare die area and excludes packaging area.  The aggregate silicon area is a good benchmark to show how integrated a design might be 

when making comparisons to similar systems.  Total silicon area also reflects the major cost driver for most systems we examine.  

Silicon Tiling Density : Ratio of Total Silicon Area to total printed circuit board “projected” area (i.e. the simple board area and not the cumulative 

surface area of both sides of the board).  This metric directly reflects the level of efficiency and aggressiveness in integrated circuit packing and 

placement.  Single digit Silicon Tiling Density is typical but silicon coverage of 10% - 20% has been seen in some of the most advanced products we 

have examined.  Higher Tiling Densities often correspond with the use of chip scale packaging (CSPs) or other small form-factor IC packaging 

technologies.  High density circuit boards are also often a supporting technology. 

Number of Parts : Total component count including ICs, passives, modules, connectors, etc., each separated out in our reporting. 

Number of Connections : The total number of connections corresponds to the total number of interconnects introduced by the aggregate component 

set and reflects any electrical connection observed (solder joints, adhesive interconnect, or connector terminal interfaces). 

Opportunity Count : Opportunity Count is the total number of parts plus the total number of connections; the name reflects that each of these 

constituent elements represents an opportunity for failure.  A high opportunity count means more complex and riskier electronics assembly.  

Average Pin Count (APC) : Ratio of  total number of component terminals to total number of parts, at the system level.  This metric reflects the 

‘average’ terminal complexity of the components and often provide a signature of integration level and/or “digital-ness” of the overall product.  Low 

APCs  reflect a high number of discretes or other low-pincount devices often characteristic of analog circuitry.  Conversely, high APCs are 

characteristic of highly integrated, high-pincount assemblies, often those composed largely of digital integrated circuits. 

Connection Density : This metric is a ratio of the total Number of Connections to total printed circuit board assembly area, in units of connections per 

sq. inch. The metric provides data related to the Silicon Tiling Density above, but with an emphasis on complexity of I/O interconnect.  For example, 

with a fixed Connection Density, high tiling density of low-pincount memory chips is more readily achieved than comparable silicon tiling of high 

pincount logic. 

Part Density : This metric is a ratio of the total Number of Parts to total printed circuit board assembly area, in units of components per sq. inch. The 

metric provides data related to the Silicon Tiling Density and Connection Density as described above, but with an emphasis on density and complexity 

of component packing efficiency.  For example, low Part Density of high-pincount devices can pose an equal challenge in Connection Density to high 

Part Density of low-pincount devices.  High Part Density does reflect challenges in surface mount assembly in terms of (typically) precision of 

placement, number of placements, and engineering of part clearances. 

Routing Density (heuristic estimate) = 3*(Average Pin Count)*√Part Density.   The Routing Density metric is an empirically derived relationship that 

characterizes the wiring density of the interconnect used to support the interconnection of components in a planar electronic assembly (i.e. the circuit 

board).  Architectural issues such as bussing or other factors affecting the regularity of wiring impact the actual Routing Density needed to support a 

given application, but the metric provides a ready measure of wiring complexity.   

Metrics (Overview & Discussion) 
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Overview 

• The Design Profit® based Wire Harness Coster generates cost estimates of 
various components and assembly processes for the majority of wire 
harnesses found in today’s manufactured products. The Wire Harness Coster 
rolls up these costs to deliver an estimate of the total manufactured cost. 

• Costs are based on several factors including: commodity items, components, 
burdened machine rates, processing speeds, burdened labor rates, and cost 
of poor quality drivers.  

• The Wire Harness Coster consistently generates a cost estimate for a given 
wire harness without the need to completely disassemble or destroy the wire 
harness. Minimal disassembly may be required to capture various attributes 
and identify overall circuit routing. Inputs to the coster include: connector data 
(size, cavity count, locking mechanisms and sealing attributes), wire data 
(sizes quantities and lengths), coverings (type, size and length), fasteners, 
brackets, troughs, etc. 

• The Wire Harness Coster separates the parts and processes to more easily 
delineate Bill of Material (BOM) costs and build processing costs.  

http://www.leandesign.com/
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Overview 

Factors Influencing Cost: 

1. Wire count is the primary factor driving 
cost as it affects the amount of wire, the 
size of connectors, and the number of 
assembly processes. 

2. Wire selection (wire OD, strand size, 
strand count / wire) is significant as it 
directly relates to conductor cross 
section, and therefore the amount of 
copper or aluminum used in the 
harness. 

3. Wire length is another major cost factor 
as it both relates to material cost and to 
assembly time, as longer lengths 
require more handling. 

4. The total physical connector size is a 
major cost factor as connectors are a 
large portion of harness part costs. 
Total physical connector size also tends 
to drive assembly costs. 

Relative influence of factors on harness costs 
(Data based on L32 two-level Taguchi analysis 

of the Wire Harness Coster) 
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HVAC Wire Harness Overview 

• The HVAC Wire Harness consists of 25 wires joining 10 connectors. 
Sixteen of the wires are 1.3 mm OD and two are 3.4 mm OD. All wires are 
copper stranded. There are no twisted pairs. There are four ultrasonically 
welded splices.  

• The overall weight of the harness is 0.15 kg. 

• All of the connectors are unsealed. 

• There are two temperature sensors included in the harness analysis and 
cost estimate. 

• The largest connector has 26 cavities populated with 7 terminals and has 
a lever lock to ensure full engagement. 

• The harness covering consists cloth tape. 

• There are no attached fasteners or clips.  

• All major components are analyzed in detail, while prices are applied to 
commodity items (i.e. clips, terminals).  

• Estimates are based on actual parts. 

• Photos: Background on 100mm grid paper. 
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Wire, Cable, & Splice Sub-Totals 
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Connector & Terminal Sub-Totals 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1569 

Label, Clip, Tape, & Covering Sub-Totals 
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Miscellaneous Parts Sub-Totals 
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Wire Harness Costed Bill of Materials 
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Wire Harness Costed Bill of Materials 
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Wire Harness Costed Bill of Process 
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Wire Harness Costed Bill of Process 
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Overview 

• The Design Profit® based Wire Harness Coster generates cost estimates of 
various components and assembly processes for the majority of wire 
harnesses found in today’s manufactured products. The Wire Harness Coster 
rolls up these costs to deliver an estimate of the total manufactured cost. 

• Costs are based on several factors including: commodity items, components, 
burdened machine rates, processing speeds, burdened labor rates, and cost 
of poor quality drivers.  

• The Wire Harness Coster consistently generates a cost estimate for a given 
wire harness without the need to completely disassemble or destroy the wire 
harness. Minimal disassembly may be required to capture various attributes 
and identify overall circuit routing. Inputs to the coster include: connector data 
(size, cavity count, locking mechanisms and sealing attributes), wire data 
(sizes quantities and lengths), coverings (type, size and length), fasteners, 
brackets, troughs, etc. 

• The Wire Harness Coster separates the parts and processes to more easily 
delineate Bill of Material (BOM) costs and build processing costs.  
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Overview 

Factors Influencing Cost: 

1. Wire count is the primary factor driving 
cost as it affects the amount of wire, the 
size of connectors, and the number of 
assembly processes. 

2. Wire selection (wire OD, strand size, 
strand count / wire) is significant as it 
directly relates to conductor cross 
section, and therefore the amount of 
copper or aluminum used in the 
harness. 

3. Wire length is another major cost factor 
as it both relates to material cost and to 
assembly time, as longer lengths 
require more handling. 

4. The total physical connector size is a 
major cost factor as connectors are a 
large portion of harness part costs. 
Total physical connector size also tends 
to drive assembly costs. 

Relative influence of factors on harness costs 
(Data based on L32 two-level Taguchi analysis 

of the Wire Harness Coster) 
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Heat Exchanger Connector Harness 
Overview 

• The Heat Exchanger Connector Harness assembly consists of five 1.0 mm wires joining one black 
and red plastic connector to five pin terminals. All wires are copper stranded. There are no twisted 
pairs.  

• The overall weight of the harness is 0.0019 kg. 

• The connector is unsealed. 

• One terminal cavity in the connector is unpopulated. 

• The harness has no additional covering beyond wire Insulation. 

• There is one tape tack on the connector. 

• All major components are analyzed in detail, while prices are applied to commodity items (i.e. 
clips, terminals).  

• Estimates are based on actual parts. 

• Photos: Background on 100mm grid paper. 
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Connector & Terminal Sub-Totals 
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Label, Clip, Tape, & Covering Sub-Totals 
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Miscellaneous Parts Sub-Totals 
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Wire Harness Costed Bill of Materials 
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Wire Harness Costed Bill of Process 
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Overview 

• The Design Profit® based Wire Harness Coster generates cost estimates of 
various components and assembly processes for the majority of wire 
harnesses found in today’s manufactured products. The Wire Harness Coster 
rolls up these costs to deliver an estimate of the total manufactured cost. 

• Costs are based on several factors including: commodity items, components, 
burdened machine rates, processing speeds, burdened labor rates, and cost 
of poor quality drivers.  

• The Wire Harness Coster consistently generates a cost estimate for a given 
wire harness without the need to completely disassemble or destroy the wire 
harness. Minimal disassembly may be required to capture various attributes 
and identify overall circuit routing. Inputs to the coster include: connector data 
(size, cavity count, locking mechanisms and sealing attributes), wire data 
(sizes quantities and lengths), coverings (type, size and length), fasteners, 
brackets, troughs, etc. 

• The Wire Harness Coster separates the parts and processes to more easily 
delineate Bill of Material (BOM) costs and build processing costs.  
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Overview 

Factors Influencing Cost: 

1. Wire count is the primary factor driving 
cost as it affects the amount of wire, the 
size of connectors, and the number of 
assembly processes. 

2. Wire selection (wire OD, strand size, 
strand count / wire) is significant as it 
directly relates to conductor cross 
section, and therefore the amount of 
copper or aluminum used in the 
harness. 

3. Wire length is another major cost factor 
as it both relates to material cost and to 
assembly time, as longer lengths 
require more handling. 

4. The total physical connector size is a 
major cost factor as connectors are a 
large portion of harness part costs. 
Total physical connector size also tends 
to drive assembly costs. 

Relative influence of factors on harness costs 
(Data based on L32 two-level Taguchi analysis 

of the Wire Harness Coster) 
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Heat Exchanger Power Connector Harness 
Overview 

• The Heat Exchanger Power Connector Harness consists of two 2.9 mm wires joining one black plastic 
connector to two female spade terminals. Both wires are copper stranded. There are no twisted pairs.  

• The overall weight of the harness is 0.0217 kg. 

• The connector is unsealed. 

• Two of four terminal cavities in the black plastic connector are unpopulated. 

• The harness has no additional covering beyond wire insulation. 

• There are no clips or labels.  

• All major components are analyzed in detail, while prices are applied to commodity items (i.e. clips, 
terminals).  

• Estimates are based on actual parts. 

• Photos: Background on 100mm grid paper. 
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Wire, Cable, & Splice Sub-Totals 
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Connector & Terminal Sub-Totals 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1599 

Label, Clip, Tape, & Covering Sub-Totals 
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Miscellaneous Parts Sub-Totals 
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Wire Harness Costed Bill of Process 
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Wire Harness Cost Analysis 
Sensor Wire Harness 
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Overview 

• The Design Profit® based Wire Harness Coster generates cost estimates of 
various components and assembly processes for the majority of wire 
harnesses found in today’s manufactured products. The Wire Harness Coster 
rolls up these costs to deliver an estimate of the total manufactured cost. 

• Costs are based on several factors including: commodity items, components, 
burdened machine rates, processing speeds, burdened labor rates, and cost 
of poor quality drivers.  

• The Wire Harness Coster consistently generates a cost estimate for a given 
wire harness without the need to completely disassemble or destroy the wire 
harness. Minimal disassembly may be required to capture various attributes 
and identify overall circuit routing. Inputs to the coster include: connector data 
(size, cavity count, locking mechanisms and sealing attributes), wire data 
(sizes quantities and lengths), coverings (type, size and length), fasteners, 
brackets, troughs, etc. 

• The Wire Harness Coster separates the parts and processes to more easily 
delineate Bill of Material (BOM) costs and build processing costs.  
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Overview 

Factors Influencing Cost: 

1. Wire count is the primary factor driving 
cost as it affects the amount of wire, the 
size of connectors, and the number of 
assembly processes. 

2. Wire selection (wire OD, strand size, 
strand count / wire) is significant as it 
directly relates to conductor cross 
section, and therefore the amount of 
copper or aluminum used in the 
harness. 

3. Wire length is another major cost factor 
as it both relates to material cost and to 
assembly time, as longer lengths 
require more handling. 

4. The total physical connector size is a 
major cost factor as connectors are a 
large portion of harness part costs. 
Total physical connector size also tends 
to drive assembly costs. 

Relative influence of factors on harness costs 
(Data based on L32 two-level Taguchi analysis 

of the Wire Harness Coster) 
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Sensor Wire Harness Overview 

• The Sensor Wire Harness consists of 2 wires 
joining 2 connectors.  

• All wires are 1.3 mm in diameter and are 
twisted copper strands. The overall weight of 
the harness is 0.0087 kg. 

• All of the connectors are sealed connectors 
with multiple terminal cavities.  

• The harness is fully covered in a braided 
sleeve 

• All major components are analyzed in detail, 
while prices are applied to commodity items 
(i.e. clips, terminals).  

• Estimates are based on actual parts. 

• Photos: Background on 100mm grid paper. 
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Wire Harness Totals 
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Wire, Cable, & Splice Sub-Totals 
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Connector & Terminal Sub-Totals 
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Label, Clip, Tape, & Covering Sub-Totals 
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Miscellaneous Parts Sub-Totals 
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Wire Harness Costed Bill of Materials 

http://www.leandesign.com/


9 November 2015 Copyright © Munro & Associates, Inc. 2015    www.LeanDesign.com 1614 

Wire Harness Costed Bill of Process 
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Appendix 

Click Here to Return to 

Cost Analysis Page 

1433 
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Technical References 

BMW i3 Plant Assembly Line Videos: 
• https://www.youtube.com/watch?v=gt1k3BLN7pw 
• https://www.youtube.com/watch?v=1u7XiBnwPCw 
• https://www.youtube.com/watch?v=htuVoxuMQFQ 
• https://www.youtube.com/watch?v=kfISmVGCjxg 
• https://www.youtube.com/watch?v=29VHdcOvnK8 
• https://www.youtube.com/watch?v=x3brfAEs_RY 
• https://www.youtube.com/watch?v=Zyf9JhfXu5k 
Car & Driver Article Discussing BMW i3 with REx System: 
• http://www.caranddriver.com/bmw/i3 
SAE Article Discussing BMW i3: 
• http://articles.sae.org/12056/ 
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