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Hugh Knowles was born in 1904 in Hynes, Iowa, a small coal mining town where his father, Harry, was the mine’s engineer.  A year later the Knowles family moved to New York where his father attended Columbia University’s graduate school.  In 1906 Harry took a job as a mine superintendent in Durango, Mexico.  By 1910 Durango was a hotbed of rebellion.  Francisco Madero and Poncho Villa took up arms against the government and Emiliano Zapata soon joined them in nearby Morelos.  One day Hugh was told to stay indoors; instead, he walked out to observe a firing squad executing rebels.


In 1912, as the rebellion worsened, the eight-year old Hugh was sent to San Antonio, Texas.  There he stayed with two German women to attended school.  In 1914 Hugh’s mother and younger brother joined him but his father remained in Mexico.  In 1917 Harry moved to Phoenix, divorced Hugh’s mother, remarried, and thereafter provided no financial support to his former wife or children.  In 1919, at the age of fourteen, Hugh became the youngest high school graduate in San Antonio’s history.  He was fluent in Chinese, English, German, and Spanish and a near-concert level pianist and violinist.  Hugh also knew Morse code and was a Ham radio operator.

Hugh’s father invited Hugh to join him in Birmingham, Alabama, and offered to pay for Hugh’s college.  Shortly after Hugh arrived he heard his father and stepmother argue over money.  Harry wanted to pay for Hugh’s college education; his stepmother wanted a fur coat.  The next morning Hugh left and thereafter had virtually no contact with his father for the remainder of his life.  In 1920, at the age of fifteen, Hugh entered the Alabama Polytechnic Institute and supported himself with various clerical and blue-collar jobs.  He also assembled and sold radios on the side.  Even with several jobs, Hugh lived in poverty.

He learned that his radio experience qualified him as a radio operator on merchant ships.  Such jobs paid far more than Hugh earned and also included room and board on the ship.  However, the minimum age was eighteen for a radio operator and twenty for a Radio Officer.   In 1921, at the age of sixteen, the five-foot tall Hugh forged identification papers and signed on as the Second Radio Operator on a merchant ship.  A few months later he revised his age upward on his forged identification papers and joined a smaller ship as Radio Officer and operator.

Radio operators received and sent messages in Morse code, where a series of short and long electrical signals represented the letters of the alphabet.  Good operators sent messages at 100-120 words per minute.  Receiving operators recorded the messages on paper tape and then replayed the tape slowly as they typed the message on a manual typewriter for the ship’s Captain.  Hugh typed messages as they arrived, keeping two or three lines of type in his memory.  As his ships traveled through Europe, he expanded his language skills.
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Hugh and his Mother remained exceptionally close.  She hoped that he would attend Columbia University so in 1923 she found work in New York and rented an apartment close to the University.  Hugh joined her later that year and enrolled at Columbia.  Throughout his time at college, Hugh worked to support himself.  Among Hugh’s jobs at Columbia were editor at Popular Radio and associate radio editor at the Herald Tribune.  When he worked part time, his grades were excellent; when he worked full time they were poor.  Although his overall academic performance was mediocre, Hugh gained prominence from his articles in those publications.

In 1927 he began work at Hammarlund Products, a radio-parts manufacturer.  His ailing mother returned to the Midwest with Hugh’s younger brother and Hugh provided them with financial support.  In 1928 Hugh married Josephine Knotts, a Stanford doctoral psychology student and childhood friend from Mexico.  Josephine left the Ph.D. program and the couple moved to New York.  By year-end they moved to Chicago, the center of the booming radio industry.  Hugh accepted a job at Silver-Marshall, another radio parts manufacturer, where he worked in engineering and manufacturing.  

In 1930 Hugh and his wife Josephine had a son.  Later that year Hugh argued with silver-Marshall’s owner over inventory levels.  Because of the worsening depression, Hugh wanted to slash inventories.  When the owner refused, Hugh resigned and took a job as chief engineer at Jensen Radio Manufacturing Company.  Silver-Marshall declared bankruptcy two years later and, according to Hugh, the former owner took his own life.


As Jensen’s chief engineer, Hugh developed mathematical methods to improve sound transmission and entered the University of Chicago’s physics Ph.D. program.  Jensen’s founder also sent Hugh to visit customers, a job he thoroughly enjoyed.  By 1931, at the age of 27, Hugh was developing an exceptional background in product design, engineering, production, sales, and research.   He would hone these skills and later use them to build one of the world’s most exceptional manufacturing firms. 


In 1934 Hugh completed course work for his Ph.D. but never completed his dissertation.   He did teach graduate physics at Chicago for a year and spoke warmly about teaching and of the dean who hired him.  Throughout his life, Hugh remained close to many acoustic and medical academic researchers and provided them with generous financial support.


In 1940 Hugh was promoted to vice president at Jensen but also worked as a consultant to many of Chicago’s other radio and speaker manufacturers.  By that time he was widely recognized as one of the nation’s leading acoustical researchers and engineers.  As a result, Jensen received numerous classified military jobs and Hugh worked on several military projects.  This led to another trait Hugh would bring to his company, security.  Once, Hugh was flying on a military plane in a fierce storm.  The pilot notified his passengers the plane was landing but it was likely the plane would crash and all of them would die.  Hugh, carrying classified documents, asked the pilot to circle the airfield for thirty minutes to give him time to shred the documents.  The pilot agreed and Hugh destroyed the material.  The plane then landed safely.


In 1946, while Hugh was still employed at Jensen, he and his wife formed Industrial Research Products, Inc. (IRPI), an acoustics-consulting firm.  The firm grew with Hugh’s growing reputation.  He was widely known both within acoustics and physics.  Hugh was a member of the highly prestigious American Institute of Physics and from 1952-1955 was a member of its Governing Board.  There he served with luminaries of twentieth-century physics such as Nobel Laureates Hans Bethe, I.I. Rabi, William Shockley, and J. H. Van Vleck.

In 1950 Hugh resigned from Jensen to work full time at IRPI.  Hugh obtained patents for sub-miniature microphones and speakers that could be used in hearing aids.  In 1954 he and Josephine formed Knowles Electronics, Inc. (KEI) to make and sell the products IRPI developed.  From 1928 through 1950 Hugh had rotated between theoretical research, product design, product development, production engineering, manufacturing, and sales.  Now he began to implement all he knew.

Product design


From the start, Hugh designed products that most people considered far over-engineered.  Hearing aids are subject to some of the greatest stresses of any electro-mechanical product.  Depending on where they live, users may walk from a 70-degree building to an outdoors temperature of 120 degrees or –40 degrees and then return indoors.  The speakers and microphones contain micro-thin diaphragms to record or transmit sound.  Few materials can withstand such temperature extremes and still maintain acoustic accuracy.  IRPI developed materials to operate in far more extreme temperatures and still reproduce sound more accurately than the human ear could discern.


Microphones and speakers must be small for both cosmetics and comfort.  KEI produced units far smaller than a pencil eraser that weighed a fraction of an ounce.  The microphone and speaker protective cases must be strong and able to withstand perspiration, rain, and sleet.  KEI products had a failure rate of less than 1% in the field after one year.  Over time, the products became smaller and failure rates decreased.


The microphone and speaker cases include a small metal exit or entrance tube (vinyl tubing connects the tube to the hearing aid amplifier).  Manufacturers often prefer a specific location for those tubes and Hugh accommodated their wishes.  KEI developed special tooling to make the modifications on high-speed equipment, which provided a barrier to entry.

Production scheduling


In the 1950s most manufacturers were disorganized and run by autocratic foremen and managers.  It was common to hear loud foul language on plant floors, which often operated chaotically as managers responded to rush orders from favored or irritated customers.  In contrast, KEI’s plant floor resembled a library.  The firm developed a punch-card production scheduling system remarkably similar to MRP systems of the 1980s or ERP systems of the 1990s.  There were no rush orders.


Because of product size, some manufacturing was done under a microscope.  Production workers were all women, since no man ever passed the firm’s fine motor skills test.  Of the women tested, fewer than 10% had the skill to produce what were then among the world’s smallest assembled products.  In the 1970s, world-class electronics manufacturing firms in the Chicago area asked KEI’s human resource department to send them applicants who almost met KEI’s strict requirements.

To further maintain calm on the production line, a woman supervised each production line.  Line supervisors reported to foremen, who usually were men, but no one raised their voice on the production floor.

Sales and Marketing


Until the late 1970s, the firm had no marketing department, did no advertising, and had no sales force.  It had sales engineers who visited customers to help with technical problems.  It also had Hugh.  He visited each customer at least annually and spoke with that customer in his or her own language.  By the mid-1970s, the firm’s executives believed Hugh was fluent in seven languages (could read, write, and speak like a native) and nearly fluent in six others.

Inventory control


KEI integrated its production and inventory control systems.  Even in the 1960s, KEI took no physical inventories.  Its inventory records were accurate enough that the firm’s auditors relied on sample counts.


Prior to the 1980s, Hugh knew many of his customers had weak inventory control systems.  KEI had a lengthy production process, partially because of the additional steps required to produce a product that far exceeded hearing aid requirements.  Specialty glues also needed to cure before sub-assemblies moved to the next slot in the production line and the glues needed to cure further once the production process was complete.


Most customers had slightly modified versions of standard products.  If a customer needed a rush order, the order might take a month to produce if the units were not in stock.  As another barrier to entry, Hugh kept a significant finished units inventory for each customer.  He knew which customers had weak inventory control systems and he adjusted inventory based on the likelihood that a customer would need a rush order.


Hugh located KEI one mile from Chicago’s O’Hare Airport.  If a European customer called to request an immediate microphone or speaker shipment, in most cases KEI pulled the units from finished goods inventory, performed a second 100% final quality inspection, boxed the items, prepared export papers, and then drove the products to O’Hare.  Usually the European customer received his or her shipment the day after placing an order.  U.S. customers obtained the same service.  This was routine at least five years before the founding of Federal Express in 1973.

Production


KEI produced nearly every part and subassembly used in its products.  Much of the production process required highly specialized machines and test equipment and KEI developed nearly all of its own machinery and equipment.  Any potential competitor would find no external source for parts or subassemblies and none for machinery or equipment.


Almost from the start of business, KEI used what is now called continuous improvement.  Product and industrial engineers worked closely with line employees and their supervisors to improve product design.  Production and electronics engineers continually searched for ways to improve mechanical and electrical/electronics production equipment.   Costs decreased and quality improved.


In the mid-1960s Hugh developed a process to transfer manufacturing technology to lower-cost facilities.  New products often needed new manufacturing technologies for at least some components.  IRPI developed the new manufacturing technology as it developed the new product.  If the new technology was a valuable trade secret, IRPI produced the product in rooms that few people were allowed to enter.  As the technology became less valuable, the machinery was transferred to KEI, where it was also kept in restricted areas.  After several more years production might be transferred to a manufacturing division in the Chicago area, and later transferred to a foreign subsidiary.

 Quality Assurance


In the 1920s Western Electric developed statistical quality control charts and Bell Laboratories developed statistical quality control sampling.  Those methods were rarely used until the 1970s, when Japanese firms began to use them and the enhancements introduced by W. Edwards Deming.  Soon, the Japanese produced products of far higher quality than those made in the U.S.

In the 1980s U.S. companies finally began to use statistical quality control and introduced enhancements such as Total Quality Management (TQM) and six-sigma quality.  However, at most companies quality assurance employees report to manufacturing.  If the head of manufacturing decides it is necessary to ship marginally acceptable products, usually the products are shipped.  That practice seriously erodes the benefits of statistical quality control.


Since it was founded in 1954, KEI used both control charts and statistical sampling.  KEI also hired a director of quality assurance who reported directly to Hugh Knowles.  If quality assurance rejected parts or finished units, there was no appeal.  Those in manufacturing did not even think to ask if they could use or ship marginal quality goods.
Learning curves and cost control


In 1936 T.P. Wright developed the learning curve to predict the cost of airplanes and the time needed to produce them.  The basic idea is that as the total number of units produced doubles, both the cost and the time needed to produce a product declines by a constant percent.

For example, a company may have an 80% learning rate.  If the 100th unit manufactured cost $40 to produce, the 200th unit would cost $32 ($40 x .8), and the 400th unit would cost $25.60 ($32 x .8).  Similarly, a company might have a 75% direct labor learning rate.  If the 100th unit took 2.0 hours of labor, the 200th unit would require 1.5 hours to produce (2.0 x .75).   If either cost or time is plotted on log-log graph paper, the decline in cost or time should plot as a nearly straight line.


Beginning with KEI’s first product, the firm plotted learning curves for both cost and time.  Hugh used the time curves to plan his plant sizes and employment levels.  He used the cost curves for strategic pricing.  The firm set an initial price below cost but high enough so the firm would, on average, earn a normal profit after, for example, the 500,000th unit sold.  Hugh also used cost and time curves to monitor whether costs and labor hours were declining as predicted.  If they were not, he would speak with the various engineering groups who worked on those products.

NASA


In the late 1960s NASA began qualifying suppliers for its lunar landing program.  NASA developed a zero-defects program whereby it evaluated the quality of its potential suppliers.  Typically, NASA required that suppliers improve quality in almost every part of their design and production processes.  Companies usually needed to improve the quality of material inputs, machinery, equipment, production processes, employee training, and quality assurance.


NASA needed small microphones and speakers, so it visited KEI to determine whether the firm’s products could meet the standards of the lunar program.  NASA required KEI units to withstand a force of 50 Gs, or 50 times the force of gravity.  KEI’s units had been designed to withstand 2,000-3,000 Gs.  Probably because NASA was skeptical of those numbers, it required that IRPI build a machine to test the units at 50 Gs.  Engineers referred to that as the pillow cushion test, which the product easily passed.  Everything KEI did exceeded the requirements for the space program so NASA purchased units from KEI “off-the-shelf.”  The normal price for such units was about $8.


Thirty years later NASA needed a microphone for its Mars Lander that could withstand the minus150 degrees Fahrenheit temperatures on Mars.  It learned that an off-the-shelf $15 Knowles microphone easily met the requirements.  No competing product came close.

The firm’s operations


By the mid-1960s KEI had a worldwide market share well in excess of 90%.  The firm had a reputation for quality, innovation, and customer service perhaps unparalleled in the world.  Hugh was President and Chairman, his wife Josephine was Treasurer, and his son Jim was Executive Vice President.  In poor health, Hugh assumed that Jim would run the firm when he died and that Josephine would assist her son and manage charitable donations.

In the late 1960s Jim left the firm under unpleasant circumstances.  Thereafter, Hugh rarely spoke with his son until near the end of his life.  In 1969 Josephine developed cancer and died.

KEI continued its dominant market position in the growing hearing aid industry.  In 1974 a startup firm developed a new microphone based on technology Hugh had invented but not patented.  He felt it offered few advantages over existing products but hearing aid manufacturers demanded the new technology for marketing purposes.  The competitor began shipping products in quantity.


To implement the new technology and maintain existing quality levels, IRPI developed a product far more advanced than the competing product.  A physicist Ph.D initially produced diaphragm material; his production yields were 10-20%.  Many subassembly yields were 25% and final production yields were 25%.  After curing, more units were rejected.  KEI could not match its competitor’s production output.


Hearing aid manufacturers who had purchased from KEI for twenty years told Hugh that if Knowles could not meet their shipping schedules, they would design their hearing aids for the competitor’s product.  Hugh refused to ship units unless they met the highest quality standards and several long-term customers switched to the competitor’s product.  Soon the competing microphones suffered 60% failure rates in the field within three months.  Hearing aid manufacturers recalled $500-$600 hearing aids because of an $8 part and within a year the competitor was out of business.


Prior to leaving the firm, Hugh’s son formed Knowles Electronics, Ltd. (KEL), a manufacturing and sales subsidiary in Burgess Hill, England.  Firms in the U.K. filed publicly available financial information under the Companies Act.  That information was difficult to access but in the mid-1970s someone assembled the information and ranked firms using various profitability measures such as profit as a percent of sales, return on assets, and return on equity.  Of the approximately five measures reported, KEL ranked first in three, second in one, and third in one.


By 1974 Knowles had nearly the entire world market for hearing aid microphones and speakers.  Knowles’ products were among the highest quality in the world and Knowles was among the world’s most profitable privately held firms.  Few people new this, since Hugh insisted on absolute secrecy.  His buildings had no windows and often they had no signs.  Knowles did not even advertise in trade journals.  The only persons who saw the firm’s financial statements were those who prepared them, the firm’s auditors, and the firm’s four shareholders (Hugh, his two daughters, and his son).  

In 1974 Hugh hired his younger cousin, Nancy Knowles, as a new products consultant.  They often worked and traveled together and in 1979 they married.  A year later Hugh suffered a serious stroke.  He retained his title of President and Chairman but could no longer work full-time.  He maintained control of the firm but often met his executives at his home.  When Hugh died in 1988, his son and two daughters shared control of the firm with their stepmother but they hired professional managers to run the firm.

In 1999 Hugh’s heirs sold 90% of the stock to Key Acquisition for $505.5 million (Key is owned by Doughty Hanson & Co., a British equity investment firm).  As described in Exhibit 3, Key Acquisition bought KEI by first purchasing a small amount of KEI common stock and some preferred stock.  KEI was then renamed Knowles Electronics Holdings, Inc. (KEHI).   KEHI issued enough debt to buy enough of the heirs’ common stock so the heirs owned 10.3% of the common stock, senior officers owned 7.4%, and Key Acquisition owned 82.3%.  As part of the debt agreement, KEHI agreed to register the debt with the SEC so it could be publicly traded.  As a result, KEHI now files publicly available financial statements with the SEC.


As described in the Exhibits, KHEI has suffered losses in recent years.  To lower its costs, it plans to move nearly all of its manufacturing facilities to China.  

.

Exhibits:
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Exhibit 1:         Selected material from the KEHI 2000 10K
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Exhibit 2:         Selected parts of Management Discussion and Analysis

     15


Exhibit 3:         KEHI’s recapitalization when it was acquired.
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Exhibits 4-7:    KEHI’s 2000 financial statements.
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Exhibits 8
    Financial projections (Excel file available from case author)

     28

Required:

1. Prepare the journal entries KEHI would have made to record the recapitalization and leveraged buyout (sale of stock to Key Acquisition; debt issue, and stock purchase from Hugh’s relatives).

2. Evaluate KEHI’s financial condition.

3. Was the price Key Acquisition paid for Knowles fair to: (a) Hugh’s heirs?  (b) Key Acquisition?  (c) Knowles’ Executives?  Explain.

4. Evaluate the quality of Knowles Electronics Holdings, Inc. as a company.  As part of your analysis, be prepared to discuss KEHI’s competitive position and how it may have changed since its acquisition.

5. If you were a fixed-income manager, would you invest in KIHE bonds?   Explain.  As part of your explanation, evaluate or modify the Exhibit 8 Excel file.

PAGE  
2

