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This article requires that the reader be familiar with Job Shop 
Lean, an approach to adapt the principles of lean manufactur-
ing  for a job shop, regardless of its size or industry sector. The 
following articles will give the interested reader a sufficient 
background on the many differences between Job Shop Lean 
and Lean: 
1. Adapting Lean for High-Mix Low-Volume 

Manufacturing Facilities (Gear Technology, August 2012)
2. A Quick-Start Approach for Implementing Lean in Job 

Shops (Gear Technology, October 2012)
3. Remaster the Five Principles of Lean Manufacturing 

(The Fabricator, August 2018)

Preparing for Adoption of Industry 
4.0 by Any Job Shop

The Toyota Production System was designed for assembly plants 
that produce hundreds of thousands of automobiles. Figure 1 com-
pares a job shop and an assembly plant using two key characteris-
tics of any production system—production quantity and product 
mix. Clearly, an assembly plant focuses on low-mix, high-volume 
(LMHV) production, whereas a job shop focuses on high-mix, 
low-volume (HMLV) production. Lean manufacturing is based 
completely on the Toyota Production System. So, a job shop can-
not expect to realize the complete benefits of lean by using just 
tools that are primarily suited for an assembly factory. 

Today, nearly every job shop has benefitted from imple-
menting one or more of the lean tools listed in the left-hand 
column of Table 1. In contrast, the lean tools in the right-hand 
column of Table 1 are ineffective or inapplicable in any job 
shop. They cannot handle the complexity of a make-to-order 
high-mix, low-volume gear manufacturer, especially if it is a 
job shop. 

Unfortunately, Industry 4.0 lacks the capability to help 
design a production system that suits their HMLV shop floor. 
There is a very good chance any software or technology  the 
shop invests in will never help them to achieve the perfor-
mance goals they wish to achieve!

Strategies to Lay the Foundations 
for Industry 4.0

This article discusses several viable Job Shop Lean strategies 
that are guaranteed to help any gear manufacturer/job shop lay 
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the foundations for adoption of Industry 4.0. These strategies 
can be implemented using the Job Shop Lean tools listed in the 
left-hand column of Table 1.

Segment the product mix: Most job shops choose to make a 
diverse range of products that differ in their annual produc-
tion volume, demand pattern and profit margin. Based on 
these three business attributes, they should segment their 
product mix into two segments: 1)Runners + Repeaters, and 
2) Strangers. For parts in the Runners + Repeaters segment, 
batch sizes will tend to be medium or large with many parts 
having LTA (long term agreements). In contrast, for parts 
in the Strangers segment, batch sizes will tend to be small 
because orders for these parts tend to be hot/rush, one-offs, 
repair, prototype, start-of-lifecycle or end-of-lifecycle. For 
each of these two segments, the order fulfillment strategies, 
rules for CRM (customer relationship management), busi-
ness practices, etc. that need to be used are different. This 
practice of a shop-within-a-shop is on display at every hos-
pital, which is essentially a health care job shop where an 
emergency department operates like a standalone hospital. 
Due to this, an ER can achieve the short lead times that 
are essential to give rapid customized care to many patients 
who do not need to be admitted to the main (and much 
larger) hospital.

Split the shop into two shops: In Shop #1, produce orders 
for parts/products that are in the Runners + Repeaters 
segment of the product mix. In Shop #2, produce orders 
for parts/products that are in the Strangers segment of 
the product mix. Set up Shop #2 to operate as a QTS 
(quick turnaround shop) with AM (additive manufactur-
ing) machines, flexible automation, multitasking machines, 
machining centers with pallet-changers, etc. that can pro-
duce any part in any quantity in a single setup. In fact, even 
the skill levels of the employees in the two shops ought 
to be different. The employees in Shop #1 will be those 
who prefer production runs of mature parts; whereas the 
employees in Shop #2 will be those who prefer the chal-
lenges of one-off manufacture of complex parts and have an 
intrinsic desire to master new technology.

Rationalize the product mix at the end of every year: At the 
end of each year, eliminate those products that are losing 
money. As the GM of a fabrication job shop quipped to me 
years ago, “We are happy to send our difficult parts, and some-
times our difficult customers, too, to our competitors. It does 
not hurt our business if the production efficiencies and profit 
margins of our competitors get damaged because they hire the 
customers we fire!”

If the shop currently has a process layout, change it immediately! 
In a process layout, similar/identical machines are colocated in 
functional departments (manual lathes, CNC lathes, manual 
mills, CNC mills, etc.). Any job shop that has a process layout 
will always operate in a batch-and-queue production mode. 
Figure 2 shows the production flow for a sample of 150+ dif-
ferent machined components produced in a CNC machining 
job shop that has a process layout. I would hesitate to recom-
mend to any gear manufacturer/job shop to invest in Industry 
4.0 if they persist with the worst type of factory layout for 
HMLV manufacturing.

Figure 1—Comparison of a gear job shop and an assembly plant.

Tools to Use Tools to Avoid

Strategic Planning Pencil-and-Paper Problem Solving

Top-Down Leadership Value Stream Mapping

Gemba Walks by Managers Assembly Line Balancing

Employee Engagement One-Piece Flow Cells

Workplace Design with 6S Product-specific Kanbans

TPM (Total Productive Maintenance) FIFO Sequencing of Orders

Setup Reduction (SMED) Pacemaker Scheduling

Error-Proofing (Poka-Yoke) Inventory Supermarkets

Quality At Source Work Order Release based on Pitch

Visual Workplace Production based on Level Loading 

Product and Process 
Standardardization

Mixed Model Production with Takt 
Time

Multitasking (= Flexible) Machines Right-sized (= Inflexible) Machines

Standard Work Pull-based Production Scheduling

Continuous Problem-Solving Manual Scheduling with Whiteboards

Table 1—Lean tools that a gear job shop should use or avoid.

Figure 2—Production flow in a CNC machine shop with a func-
tional layout.
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Implement a Cellular Layout in Shop #1: First identify the 
product families in the Runners + Repeaters segment of the 
shop’s product mix. From the ERP system extract the routings 
of all the parts/products to create the initial product-process 
matrix. An example of an initial product-process matrix is 
shown in Figure 3a. Next, use any commercially available data 
analysis package like Minitab, SPSS or JMP to manipulate this 
matrix to get the final product-process matrix shown in Figure 
3b. In Figure 3b, each family of parts has routings that contain 
the same (or similar) machines. Each part/product family sug-
gests the group of machines that must be colocated in a manu-
facturing cell to produce those parts. 

Exploit the cellular layout of the shop floor to foster a culture 
of teamwork: The key to successful implementation of a cell 
is to colocate all its machines, personnel and support ser-
vices in one area. Figure 4a and Figure 4b display the mate-
rial flows for the part family that was being produced in a 
machining cell before and after re-layout, respectively. If a 
cell is implemented with management’s support, it will 1) 
have manufacturing focus, 2) retain operational flexibility 
bounded by the parametric limits of a part family, 3) fos-
ter a culture of continuous improvement within a group of 
employees that accepts performance metrics that do not pro-
mote selfish, individualistic and elitist behavior, 4) promote a 
sense of ownership in every member of the cell’s team and 5) 
encourage management to give some level of self-governance 
and autonomy to the cell’s team so they can complete and 
ship products to their customers. But, from a management 
perspective, if they wish to discuss performance or delivery 
issues involving a certain part family, they will need to take 
much shorter walks by visiting that one cell which is produc-
ing those parts.

Right-size nonmachining processes to absorb them into the cells: 
In general, like all other job shops, gear manufacturing job 
shops tend to focus on improving delivery performance and 

profitability by acquiring multimillion dollar metal-cutting 
machines. Most often, it is the manual machining processes, 
such as saws and drills, the inspection department and non-
machining processes, such as heat treatment, electroplating, 
coating, washing/cleaning, etc. that are often the root cause for 
their long delivery times.

Right-sizing a process that is currently external to a cell, 
such as washing, painting, deburring, inspection, etc. would 
allow it to be brought into the cell. This will have a significant 
impact on quality, delivery time and work-in-process. Also, it 
would improve the morale and job satisfaction of the cell per-
sonnel. Now, their team’s performance will not be affected by 
the workmanship and schedule priorities of those who work 
in other cells and/or external departments whose services are 
shared by all the cells. 

Unfortunately, there are limitations with right-sizing the 
equipment used in any machine shop. Processes like heat 
treatment, electroplating or welding don’t lend themselves to 
being colocated with CNC machines in a cell. Maybe deburr-
ing could be in a corner of the cell if it was contained within a 
sound-proofed chamber having a dust collection system. Even 
the affordability of the smaller equipment could be a con-
straint since a single monument would be replaced by multiple 
workstations (or machines) given to all the cells whose parts 
use that process. 

Will the day come when the inspection department in 
a gear job shop can be right-sized and that department is 
eliminated altogether? The inspection department, which has 
zero visual connectivity with the rest of the shop due to its 
location in a corner of the typical job shop, is often the real 
bottleneck in the shop. Can a CMM and other inspection 
devices be put on a mobile truck that travels around the shop? 
If that were possible, then inspectors would receive electronic 
requests from machinists and go to their cells to perform FAI 
(first article inspection). Also, while there is an abundance of 

Figure 3a—Initial product–process matrix before grouping to identify 
part families. (Source: https://strategosinc.com/RESOURCES/06-
Cellular_Manufacturing/gt-production_flow_analysis.htm)

Figure 3b—Final product–process matrix after grouping to identify 
part families. (Source: https://strategosinc.com/RESOURCES/06-
Cellular_Manufacturing/gt-production_flow_analysis.htm)
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machine monitoring systems on the market (FactoryWiz.com, 
MemexOEE.com, FORCAM.com, MachineMetrics.com) that are 
compatible with all CNC machines, it is unclear if these sys-
tems can monitor the “slow poke” CMMs that reside in any 
inspection department. 

“Raze” and standardize the routings of all the parts within a 
part family: Every effort should be made to critique and re-
engineer the routings of all the parts that have been grouped 
into a part family based on their similar (or identical) rout-
ings. First, the routings should be standardized by eliminat-
ing the differences in the machines used and the sequences 
in which the machines are used. Next, the routings should 
be standardized by eliminating the differences in the fixtures, 
tools, gauges, etc. used. Although my research is ongoing, I 
have reason to believe that the functional layout of any job 
shop could be replaced by a Hybrid Flexible Flow Shop. 
What will that do to simplify the chaotic material flows that 
are typical in any job shop? Say you were to go and stand on 
the roof of the job shop and look down at the material flows 
on their shop floor. Instead of the Spaghetti Diagram seen 
in Figure 2, the material flow of each job, regardless of the 
sequence of machines in its routing, will follow a linear path 
from one end of the shop to the other as is always the case 
on an assembly line.

Purchase a multifunction machine tool (or a flexible machin-
ing system) that combines two or more machines (or replaces 
an entire multimachine cell): It appears that metal removal 
rates remain the chief driver of a gear job shop’s cap-
ital investment choices. Unfortunately, this mindset of 
“keep making chips” results in the purchase of expensive 
new machines that 1) do not alleviate the shop’s capac-
ity constraints, 2) do not increase throughput at their 
bottlenecks, 3) waste payroll dollars to keep employees 
busy producing WIP and 4) do not reduce the total dis-
tance that the typical order must travel all over the shop. 
Let us take the case of this family-owned machine shop 
in Houston that serves several customers in the oil and 
gas industry. The routing for the most complex compo-
nent they make for a down-hole drilling tool assembly is 
Saw→Hole Drilling and Boring (Vendor Op)→Manual 
Lathe→CNC Lathe→CNC Mill→Shaper→Inspect→Ship. 

But they make other components that may have a routing 
like Saw→Manual Lathe→CNC Lathe→Inspect→Ship or a 
routing like Saw→CNC Lathe→CNC Mill→Inspect→Ship. 

Should this job shop buy a new CNC lathe with higher 
metal removal rates so the manual lathes department can 
be eliminated? Or should it buy a CNC turning center that 
combines the operations done on the CNC lathe and CNC 
mill? Or should it explore how to eliminate the shapers by 
using their CNC mills to cut the internal splines on some of 
their parts? Having observed the WIP in the three buildings 
that comprise this machine shop, the CNC lathes depart-
ment is not the shop’s bottleneck. Plus, they have a classic 
process layout. So, the purchase of a high-priced CNC lathe 
with a faster metal removal rate and in-cut spindle time 
would not reduce their WIP nor help them to quote shorter 
lead times. Guess what their management team eventually 
did to drastically reduce delivery times? They 1) eliminated 
the manual turning department by moving their work to 
the larger CNC lathes and 2) re-organized the shop into 
three cells as follows: Cell #1, CNC Turning; Cell #2, CNC 
Turning→CNC Milling; Cell #3, CNC Turning→CNC 
Milling→Spline Cutting.

Instead of their prevailing fixation with metal removal 
rates and machine utilization, gear job shops should 
buy multifunction machines and systems that combine 
consecutive operations currently being done on differ-
ent machines—especially if those machines are currently 
located in separate departments, such as CNC lathes and 
CNC mills. By combining machines, the significant delays 
due to 1) material handling between several machines, 2) 
waiting for material handlers to pick up and move a batch 
of parts from one machine to another, 3) batch-and-queue 
production flow, 4) setup and gauging at every machine, 5) 
waiting in queue at machines that are shared by multiple 
part families, etc. are reduced. 

For example, in the case of the family-owned machine shop 
discussed earlier, given the many pallets loaded with turned 
parts machined by their CNC lathes, I tried to impress upon 
their GM to limit new orders released to that department 
every day. This is what I told the GM of that shop, “Are you 
in the business of keeping your lathe operators busy making 

Figure 4a—Material flows for a part family prior to implementation 
of its machining cell.

Figure 4b—Material flows for a part family after implementation of 
its machining cell.
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parts? Or should you focus on completing and shipping as 
many parts as you can every day?”

So how could a job shop make a major investment to 
upgrade equipment on their shop floor by buying a new 
machine or system that reduces material flow? By f irst select-
ing a cell that currently produces a family of parts and later 
reducing the number of separate machines in it.  If you are a 
gear job shop, have you done a product-process matrix analy-
sis of your product mix to find any part families that could 
each be produced in a standalone cell (shop-within-a-shop)? 
In fact, go to the floor and ask a couple of your shop super-
visors to scope out a potential family of gears (for example, 
splined shafts). Next, draw a material flow map and compute 
workloads on the different machines for the machines that 
would be put in their cell. Now, identify a set of two or three 
machines that perform consecutive operations that appear in 
the routings of that family of gears. For all those operations 

that would have to be done on a single machine, prepare the 
list of specifications (work envelope, axes of freedom, number 
of tools, in-process gauging, etc.). Finally, present that list 
of specifications to the different machine tool vendors, such 
as Mazak, Okuma or Mori Seiki, who could build the mul-
tifunction machine (or system).  Do they come back to you 
with any multitaskers that they could build for you? 

leanandflexible.com

job shop lean
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at geartechnology.com

Editor’s Note:
In the second part of this feature article (August issue of Gear Technology), several more strategies will be 
suggested that could guide any gear manufacturer/job shop to re-think their product mix, shop floor layout, 
current manufacturing technology investments, management policies, outsourcing decisions, employee training 
and development, etc. prior to investing in IoT software and/or technology.

The author encourages gear manufacturers to post any lean questions they may have for a future article in Gear 
Technology. Submit your questions to shahrukhirani1023@yahoo.com or jaster@agma.org.
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