
CARVER PUMP 
IMPLEMENTING LEAN PRINCIPLES IN A SMALL BUSINESS



OVERVIEW
Focus On Implementation Of Lean Principles In The Small Business

• Company background
• Review of each phase of lean development
• A look at the metrics



Company Background

A little about us...
founded in 1938 – privately held
85 employees
120,000 sq. ft headquarters

office
manufacturing
test 

based in Muscatine, IA - 28 miles from Quad 
Cities

Approximately $15M in revenue
our only business is centrifugal pumps
two main business segments

Industrial
Government (primarily military)

cover many markets & applications



Company Background- Our Products

Historically we’ve offered  high value...
- Competitive pricing of a premium product
- Robust, straightforward designs based on modular groups of common parts 
- Broad, varied product lines frequently customized to the application
- Exceptional quality

The pre-lean result was...
- 2000 out of 50,000 part numbers used each month
- Relatively low lot sizes on 95% of all parts and huge lot sizes on the other 5%
- Massive rough and finished inventories
- Onerous burden on Design, Materials and Scheduling functions



Company Background- Our Products

General industrial pumps...
– horizontal

• frame mounted
• close coupled

– vertical, general service
• cantilever style
• line bearing style



Company Background- Our Products

Engineered, industrial pumps...
– end suction, large flow
– multistage, high head



Company Background- Our Products

Process and specialty pumps…
– end suction pumps

• high end features, no standard dimensions 
• high temperatures and pressures
• mainly for hydrocarbons

– self priming pumps
– solids handling pumps



Company Background- Our Products

Military pumps…
– metal and specialty materials for a variety of applications
– main focus is on war ship applications



PHASES OF DEVELOPMENT

To lean or not to lean?
(Why would I want to do that to myself?)

Getting a plan 
(Pretending you know where you’re going will help you sleep at night)

Getting everyone on board 
(Would you like some cheese with your whine?)

Organizing chaos 
(If I could only see the forest through the trees…)

Connect the dots 
(You want to move what?  To where?)

Synchronized swimming 
(I want what I want, the way I want it, NOW!)

Perfection
(The faster I pedal, the slower I go)



To lean or not to lean?

But you don’t understand, we’re different:

No duh-everyone’s different

Carver’s decision process consisted of a mixture of fact finding and soul searching
Information came from:
• Consultants (Simpler)
• Networking (University of Iowa, business contacts at HON Industries, local industry network 

support groups)
• Books (Lean Thinking-Womack, Gemba Kiezen- Imai, Manufacturing Challenge- Suzaki, et. 

al.)
• Company data that came to light with understanding of Lean principles (value streams, 

inventory, leadtimes, etc.)
Soul searching covered:
•Senior staff discussions (much wailing and gnashing of teeth over rice bowls, work load, fear of 
change, etc.)
•Pros and cons of impact on the business and our customers
•Industry trends and our position in the market
•Support from the boss



To lean or not to lean?
Ultimate decision factors:

• We collectively knew the company had more potential than we seemed to be capable of 
achieving

• Competitive pump market requires continuous improvement in cost reduction, lead time and 
delivery reliability

• Any opportunity to reduce inventory will free cash to fuel growth
• The boss and senior management were excited about an opportunity to make ourselves better



To lean or not to lean?
In retrospect…

Ask yourself these questions
• Question 1-Do you like the performance of your company?
• Question 2-Is it going to stay that way?
• Question 3-Will you get better if you keep doing the same thing?
Do these things:
• Read, read, read. 
• Talk to a consultant (they love to talk…) and anyone else you can find
• Embrace the unknown rather than fear it 
• You can’t over communicate
Consider this:
• Lean seems to apply to every situation where cost and delivery are important
• No consultant knows exactly what you need to do, a lean conversion truly is a passage of 

discovery
• Everyone must commit in different ways, but you must fully commit:

– The boss must be willing to endure the pain
– The managers must be prepared for a long term emotional process
– There will be dramatic change for everyone (some will not be able to make the change)



Getting a plan
First steps

Hired a consultant (Simpler)
Chose an internal Sensei (B. Brotherton)
Trained management -learned the lingo
Formulated corporate goals (big picture measures of success)

• Sales volume (flat growth to add  $1M per year with no capital investment)
• Cost reduction (Increase productivity-exact % was TBD)
• Delivery (50 %  to 95% on time with 4 weeks to 1 week lead time on standard product)
• Inventory (50% reduction in inventory and continuous decrease in PPV)

Prioritized processes to consider through brainstorming, data analysis and various balloting schemes
• Machine shop
• Assembly
• Order Processing
• Accounting and Engineering processes were tabled for future improvement

Collected data for current conditions
• Value stream (estimate tackt time, wip, leadtime, touchtime, etc.)
• Inventory usage

Envisioned a perfect future state (as best we could anyway)
Prepared an action plan based on two 1 week events per month, plus do its and major projects



Getting a plan
So what where our current conditions?

Order processing
• Traditional organizational structure based on function rather than process
• Labor intensive for even the simplest tasks
• Two weeks to process the simplest orders; 3 week delivery time
• Piles of WIP between each operation
• Disjointed processes resulting in confusion, errors and wasted effort



Getting a plan
So what where our current conditions?

Machine shop
• Descrete work centers with few cells and no pull systems
• Nonstandard routing of parts; no flow
• 2-3 month lead time on rough material 
• 3 month turns on common parts, other parts mostly made to demand
• Long set up times, short cycle times, mostly wasted time
• Scheduling was mostly muscling work orders to get parts through in less than 6 weeks



Getting a plan
So what where our current conditions?

Assembly
• No pull systems for purchased components or machine shop activities
• Always had plenty of the wrong parts
• Routine problems with machined components pulled from inventory
• Limited cross training causing overloading in some areas and lost productivity in others
• Significant indirect labor moving lots of WIP around
• Well over 50% of floor space devoted to material storage



Getting a plan

What was our vision of a perfect future?
• Ship part orders in 2 days and simple units in 5 days; 95% on time delivery
• Cut inventory by 75%
• Organize production cells by component types
• Organize order processing into “cells” by logical product groupings with separate value 

streams for simple, slightly modified and development (A, B, C) orders.
• Handle a 50% increase in through put with no more people or major machines

In retrospect…
• Highly variable product mix made it difficult to see our “one”
• Some cells were obvious, but most were not.  
• The chaotic flow of parts and orders clouded our view at this point.  
• We didn’t really understand pull systems yet or flow.  
• We didn’t have a good feel for demand or productivity issues.  
• Limitations by the computer system made collecting historical data difficult at best.



The Plan

Order processing
• Focus on Industrial orders first  with a goal of 2 days lead time (push orders to the shop)
• Begin at order write up and work our way through the process to production control
• Integrate each function into the Industrial “cell” as part of the event
• Focus would be on wip reduction, eliminating hand offs by combining tasks and increasing 

through put.
• A common thread was to not put something down until it was complete and make sure it is 

right the first time



The Plan

Machine shop
• Build cells one at a time

– Turn, turn, drill, drill cell
– Shaft and sleeve cell
– Impeller cell
– Mill and drill cell
– Bar stock, saw and weldment cell

• Implement 6S (5S + Safety)
• Planned setup reduction events  following cell development
• Began a process of evaluating production control systems and methods

– Scheduling to match demand and capacity
– Controlling WIP before implementing true pull systems



The Plan

Assembly
• Build the GS assembly cell
• Build a parts order shipping cell
• Heavy 6S work in Hyrdo testing, Painting and Crating
• Experimented with scheduling methods to level  demand

General issues
• Training sessions before each event and between events  (event specific and general lean 

topics)
• Maintain flexibility to address emergent issues
• Focus on getting caught up on order deliveries
• Avoided macro issues like overall flow and pull systems 
• Try to understand the nature of product mix, demand, tackt time, load leveling, etc.



Getting Everyone on Board
Strategy

• Communicate, communicate, communicate
• Mitigate fear of change with job security
• Demonstrate unwavering commitment to the process
• Even though the company was not in crisis, capitalize on a general sense that the company was 

not realizing its full potential
• Contrast crazy current conditions with a perfect future state without placing blame
• Initially focus efforts on those people that naturally embraced the lean process and hope the rest 

would eventually follow



Getting Everyone on Board
What Key Issues Were Communicated To Earn Buy In

• Poor performance based on current metrics coupled with the need to improve
• Crazy processes with obvious waste and disconnects
• Desire to use lean to fix problems that we have been ineffective in resolving other ways
• Participation was open to everyone, but nothing was exempt from change
• Lean would not be used to reduce head count in the company
• Senior management was 100% committed to the lean process



Getting Everyone on Board
How Key Issues Were Communicated To Earn Buy In

• Buy  in was mostly established at the senior level through participation in the planning process
• Plant meeting was held to kick off the process and lean discussions included in each following 

monthly meeting
• Small group meetings where held to teach concepts and discuss impact on each department
• Several videos were shown in small groups followed by discussion
• Books were passed around for those interested in learning more
• Open participation in events and projects with training sessions



Getting Everyone on Board 
In retrospect….

• Basic approach worked well
• Walking the talk works
• Show  accomplishments, success breeds success 
• Keep pounding on improvements in metrics
• Up front training is critical, but the biggest gains came from just doing it.



Organizing chaos
Unique issues for our cells

• High variety of parts in low volumes-one or two-create capacity and scheduling problems that 
demand strong leadership from both internal and external cell perspectives

• Limited resources from which to build cells
• 80/20 rule was not considered when purchasing equipment so nothing was “right sized”
• Nonstandard part routings created huge CNC programming loads for building cells
• Limited cross training for highly skilled tasks (office and shop) hurt flexibility



Organizing chaos
The evolution of our approach to building cells

• Originally built cells based on groupings of parts requiring similar processes
• Continuous process of moving groups of parts into a cell, improving processes, developing new 

cells and relocating groups of parts in order to balance loads between cells.
• Continuous evaluation of parts at a cell to make sure that they are not burdened with unusual 

parts that disrupt flow within the cells (80/20 rule)
• Each cell seems to have a different “one” .  As parts are moved and new cells developed, the 

“one” changes.
• Ownership of cells began with the foreman, was transferred to area lead men and ended up with 

cell leaders
• Typical cycle  of cell development is:

– heavy 6S, 
– planning layout, making the move, instituting standard work, etc., 
– setup reduction projects (general and specific), 
– developing scheduling schemes to fit the unique elements of each cell
– Repeat steps as necessary to solve problems and sustain



Organizing chaos
In retrospect….

• Concern for pushing ahead led to creation of artificial bottlenecks in  programming and 
occasionally cell capacity

• Should have started cross training well in advance of creating a cell
• The first cells made the biggest cultural impact.  Capitalize on this.
• Focus on competition between cells 
• Shift from department leaders to cell leaders should have happened sooner in the process
• Sustainment was our most difficult task.  Processes that don’t happen naturally tend to evolve 

back to their original condition



Connecting the dots
Unique issues for developing flow

• Inventory levels and initial lack of cells made it difficult to see flow possibilities
• Cells were not located for good plant wide flow

– Couldn’t see up stream and down stream through the company to time production
– Work traveled in circuitous paths from cell to cell
– Too much room for WIP

• All work was being pushed through the shop
• The high variety and low volume of products made simple flow plant wide very difficult

– The majority of parts and orders could follow a simple path through the shop
– A minority of parts and orders created “eddy currents” that made flow difficult to follow

• Large equipment made moving cells very slow and expensive to improve flow
• Rough material and finished goods stored out of sight causing excessive  material handling



Connecting the dots
The evolution of our approach to developing flow

• The cells developed flow internally as a natural part of the process
• WIP provided a false sense of security that caused us to take more intermediate steps than 

necessary
• Pull systems allowed our thinking about flow to evolve from making inventory to staging parts by 

product line to make parts to demand within an ever shrinking window
• Flow continuously improved, the closer cells were logically arranged

– Control became more visual
– Parts moved less
– Less room for WIP
– Communication happened naturally

• Cell leader concept emerged as the most effective management tool to promote flow



Connecting the dots
In retrospect…

• Don’t underestimate your ability to reduce WIP
• The more visual the better
• Communication between cells is everything
• Developing flow at the “macro” level triggers a shift in culture toward appreciation of the lean 

principles
• Pull systems need to be installed as a part of developing flow at the “macro” level



Synchronized swimming
Unique issues to installing pull systems

• “Spiky” high variety/low volume nature of most parts could actually drive up inventory levels using 
most kan ban schemes

• Military motors tend to have 6 month lead times and foundries tend to have 4-12 week lead times
• The mix and match nature of product lines result in millions of possible combinations-BOMs can 

only be premade for the high running assemblies
• Capacity to meet demand dependant on balance between set up times, ability to combine set ups 

on similar components and bin sizes



Synchronized swimmingSynchronized swimming
The evolution of our pull systems

• Began by:
– Evaluated internal kan ban systems for the shop to increase turns from 6 to 12 on 100 high 

running parts (1-3 bins, cards, shopping centers)
– made all low runners only to demand by work order (45 a day)
– moved rough material to point of use
– organized finished inventory by product line to hold kan ban’s and demand parts
– Scheduling system still pushed work orders

• Moved to:
– Internal 1-2 bin and shopping center kan ban systems at 26 to 52 turns on 100 high running 

parts
– 200 medium running parts using “demand” kan ban concept (generic work orders)
– All low runners made to demand by work order (40 a day)
– Finished inventory areas begin to look empty except for “dead” parts
– Began installing external kan bans for “hardware” items
– Scheduling system pulled some work orders but pushed most



Synchronized swimming
The evolution of our pull systems

Currently at:
– Internal 1-2 bin and shopping center kan ban systems at 26 to 120 turns on 100 high 

running parts
– 400 medium running parts made to “demand” kan ban (generic work orders)
– All low runners made to demand by work order (35 a day)
– Over 500 external kan ban parts
– Dedicated finished inventory areas limited to external kan ban parts
– Cells hold kan bans and any demand parts for pick up
– Part production triggered by arrival of an order cart (Carts turn every 3 days)



Synchronized swimming
In retrospect….

• These systems must be simple, visual and owned at the lowest level possible
• Kan ban should be introduced immediately after making cells, the focus on inventory reduction 

tends to drive buyer behavior on non-kan ban items also
• “Kan ban is like crack cocaine” ( John Kim-Simpler),  “my guys are addicts” (Mark Post-Carver)
• A need for kan ban is a sign that you’re just not good enough yet
• Don’t underestimate the impact of very “spiky” demand
• Without the inventory buffer, quality and vendor delivery issues can have major impact on 

performance



Perfection

The faster we go, the further behind we get….

In the plant:
• Move the last primary cell to fit the current flow of the plant
• Continue to move parts between cells to improve flow
• Begin to design new cells based on right sized equipment to further improve flow
• Expand external kanban to lower running parts
• Streamline scheduling processes and make them more visible

In the office:
• Revisit Sales Order value streams to further eliminate waste
• Begin looking at Engineering from value stream and designing for lean perspectives
• Begin looking at accounting value streams
• Bring computer system in line with lean needs (NOT MRP)

…and repeat ad nauseum



Metrics
How do you know you’re improving if you don’t measure it?

The big three “macro” metrics:
• Quality

– Scrap and rework
– Warranty
– Over all cost of quality

• Cost
– Product material and labor cost
– Burden expenses
– SG&A expenses
– Productivity ($/employee)
– Asset utilization (inventory, equipment, facilities)

• Delivery
– Contracts On Time (COT)
– Average Days Late
– Lead times
– “Pump days late”



Metrics
Dealing with the shell game

Local metrics are important
• They help people feel good about they’re efforts after an event
• They help identify problems and future improvements
• They help processes become self managing

Local metrics can be deceiving
• Shuffling waste from one process to the next is too easy (eliminate, simplify, then move)
• Projects with good results, but no contribution to the “macro” view, are waste

Local metrics guide actions, “macro” metrics are the report card
• Review local metrics with process owners
• Review “macro” metrics with departments



Metrics
Bracket the behavior

• Use $ to link behavior to metrics with policy deployment  or other incentive program 
• Peer pressure is a wonderful thing ($/employee)
• Opposing departmental metrics keep behavior in check (bookings vs margins)
• Aligned interdepartmental metrics encourages cooperation (COT, gross profit, etc.)
• Opposed interdepartmental metrics create healthy discussion (Lead times relative to Sales-

bookings vs Production-COT)



Metrics
Event Resources

Events People % of Employees
Year per Month per Event per Month
2000 2 5.5 10
2001 1.5 4.9 7
2002 1 4.5 5
2003 1 4.5 5
Future 1.5 3.5 6



Metrics
SHIPM ENTS AS A % OF 1999 LEVELS
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Metrics
BURDEN EXPENSE AS A % OF 1999 LEVELS
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Metrics

SG&A AS A % OF 1999 LEVELS
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Metrics
DOLLARS SHIPPED PER EM PLOYEE HOUR
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Metrics

PUM P & KIT ORDERS DELIVERED ON TIM E
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Metrics

PUM P ORDERS AVERAGE DAYS LATE
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Metrics
Total Cost of Quality as a % of Sales
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Metrics
YEAR TO DATE INVENTORY TURNS
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In conclusion

Carver Pump
• Small, well established business in a stagnant market
• Limited resources
• High variety/low volume of standard and customized products
• Multiple sales channels

– Direct OEM & Military
– Distributors



In conclusion

Our phases of lean development
• Committing
• Planning
• Obtaining buy in
• Building cells
• Creating flow
• Developing pull systems
• Seeking perfection



In conclusion

Our  metrics
• Meaningful gains can be realized in a small business
• The end results are worth the initial pain
• Rocks in the stream will be continuously exposed
• Some improvements come easier than others
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