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A B S T R A C T 

This paper describes observations made during a trip to Japan to study wood machining 
technology. The paper discusses highlights of the 12* International Wood Machining 
Seminar, the 32"'' Nagoya International Woodworking Machinery Fair and several visits to 
Japanese companies. 
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1.0 INTRODUCTION 

Wood machining processes like sawing, planing and milling are fundamental operations 
required for manufacturing wood products. Improving these processes can result in lower 
production costs and reduced wood waste and is therefore of primary importance to Canadian 
wood products companies. 

Japan is one of the world leaders in wood machining technology. This expertise has 
developed fi-om the strong partnership between the Japanese woodworking industry, 
equipment manufacturers and researchers at Japanese imiversities. As a result, Japan now 
produces some of the most sophisticated woodworking machinery and tooling available to 
Canadian wood product companies. 

This report describes some key findings on wood machining technology in Japan. These 
observations were made during a trip to central Japan on October 1-10, 1995. The main 
objective of the visit was to learn about the latest wood machining research by attending the 
12"' International Wood Machining Seminar. A secondary objective was to learn more about 
the Japanese wood industry by visiting manufacturers and by attending the 32"** Nagoya 
International Woodworking Machinery Fair. 

The author, Mr. Peter Lister, is a wood machining scientist at Forintek Canada Corp., 
Canada's premier organization for solid wood products research. The work described in this 
report was funded by generous support from the Canada-British Columbia Partnership 
Agreement in Forest Resource Development: F R D A II. 

2.0 12"" INTERNATIONAL WOOD MACHINING SEMINAR 

The International Wood Machining Seminar (IWMS) is the premier symposium for 
researchers in the wood machining field. Begun in 1963, the 12* IWMS was October 2-4, 
1995 in Kyoto, Japan and was the first seminar in the series to be held in Asia. Arranged by a 
cooperative committee from several universities in Japan, the seminar was supported by the 
Department of Wood Science and Technology, Faculty of Agriculture, Kyoto University and 
by generous financial contributions from industry and goverrmient. Over 100 participants 
from 17 countries attended the seminar to learn about the latest research results on a v^de 
variety of topics. The conference provided a rare opportunity to meet directly with 
researchers from many different coimtries and offered a chance to make new contacts and 
renew existing ones. Many private discussions were held to exchange ideas about new and 
existing projects. 

In total, thirty-five papers were presented during sessions on cutting processes, surface 
roughness, circular saws, production technology, tools and tool wear, and band and frame 
saws (Figure 1). A listing of papers and posters presented at the conference is given in 
Appendix I. 



In general, the presentations were well received and provided a good overview of the work 
currently underway at leading universities and research centres in the wood machining field. 
Considerable research effort is being devoted to reducing tool wear, improving surface finish 
and increasing production efficiency. Some of the work in these areas appears quite 
promising and will likely have practical implications in the near future. 

Several papers were of particular interest. The paper "Progress in evaluating surface quality 
using optical profilometer techniques", by R. L . Lemaster and J. S. Steweut, provided a very 
good overview of different methods of measuring surface roughness and provided some 
guidelines for classifying different types of surface defects. The paper "New tools and 
machining processes for improved surface finish during woodworking", by U . Heisel, 
described work showing that peripheral milling can give a better surface finish than planing. 
"Wood machining of parts for joinery and furniture", by R. Birkeland, compared manual and 
automated manufacturing methods for fiimiture parts. Apparently, C N C machining processes 
may not offer a cost savings over manual processes. This is because for parts produced 
manually, an operator can arrange work piece defects so they will not affect the final 
component quality. C N C machines can not do this and therefore require higher quality wood 
which increases material costs. Finally, a paper by R. Okai, H . Yokochi and S. Kimura, 
provided some interesting ideas on the cause of handsaw washboarding, a problem which 
causes poor surface finish and raw material loss for many sawmills. 

In addition, five papers were also presented in a special session entitled "Wood industry in 
Asia; its present state and future prospects". The papers gave a good overview of the current 
state of industry in Asia as well as some interesting statistics on the use of wood and sales of 
woodworking equipment. Titles of these papers are given in Appendix I. A copy of the 
conference proceedings is available for viewing at the Forintek Library in Vancouver, B . C . , 
tel. (604) 224-3221. 

3.0 VISITS T O I N D U S T R Y 

A s part of the 12"' International Wood Machining Seminar, industry tours were arranged so 
that conference participants could learn more about the Japanese wood industry. The visits 
took place fi'om October 5-7, and are described in the following sections. 

3.1 Haramushi Timber Co. 

Haramushi Timber Co. produces wooden frames for Japanese-style post and beam homes. 
Each frame is custom built to customer's specifications. Frame material is also selected by 
the customer, some common choices being Sugi (Japanese Cedar), Hinoki (Japanese 
Cypress), Douglas-Fir or Western Hemlock. Veneer skinned laminated lumber is also 



becoming a very popular choice because it is considerably less expensive than high-grade 

solid wood products. 

Haramushi uses a proprietary C A D system, shown in Figure 2, called "Super PreCut System" 
to design the frame pieces called for in their customer's home plans. The C A D system is 
mainly used for detailed design of the complex joints which are traditionally used in Japanese 
homes. Examples of these joints are shown in Figiore 3. The detailed design for each frame 
piece is downloaded to computers which control the company's automated production line. 
The production line, shown in Figure 4, has a conveyer system which moves timbers between 
three C N C machine centres. The first machine centre cuts timbers to length and machines 
joints in the middle section of the workpiece. Next the joints at each end are produced by the 
second and third machine centres, one of which is shown in Figure 5. 

Frame production requires very little labour since the manufacturing line is highly automated. 
A n operator loads timbers on the infeed conveyer when requested by the computer system. 
The computer tells the operator the required dimensions and species for each piece. Once 
loaded onto the system, the frame piece moves automatically between each machine centre. 
Completed frame pieces are number coded before reaching the outfeed conveyer, as shown in 
Figure 6. The completed pieces are shipped to the customer's construction site and the frame 
is assembled by company carpenters. This ensures correct assembly and gives the company 
better confrol over the quality of the final product. 

It takes approximately one day for the manufacturing facility to produce all the components 
required for a typical home and an additional two days to complete on-site assembly. 
According to Haramushi representatives, a typical frame costs about 5 million ¥ * , about the 
same as a hand built frame. However, delivery is faster and the quality is reported to be much 
better. This is due in part to the current shortage of trades people with skills required to build 
a frame for a traditional Japanese home. 

Haramushi uses tooling with disposable inserts for its C N C machines. The use of these tools 
has several advantages. Firstly, it allows the company to maintain its own tooling since dull 
inserts can be easily replaced by maintenance people. As a result, dull tools do not have to be 
sent to an outside supplier for sharpening, so tooling costs are reduced. Because tools can be 
quickly maintained in-house, fewer identical tools are required as well. The disposable inserts 
also result in more accurate machining because the inserts are very accxirately aligned in the 
tool. In addition, because the tool diameter doesn't change, tool offsets required for C N C 
programming only need to be entered into the computer once, thus eliminating a common 
source of errors. 

At the time of writing, 1 US$ was worth approximately 100 ¥. 



3.2 Kikukawa Iron Works Inc. 

Kikukawa Iron works was founded in 1897 and is one of Japan's larger producers of metal 
and woodworking equipment. The company has 317 employees and armual sales of 7 billion 
¥ . 

Kikukawa produces a wide range of woodworking equipment including band and circular 
saws, planers, moulders, C N C routers and machining centers, mini-finger-joint equipment, 
tenoners, C N C panel saws, wide belt sanders and material handling equipment. Machines are 
built to order in the company's manufacturing plant. The factory includes a fovmdry, welding 
shop, machine shop and a finishing and assembly area. Photographs of the foimdry and 
machine shop are shown in Figures 7 and 8 respectively. During our visit, about 10 machines 
were undergoing final assembly and testing. On of these was the tenoner in Figure 9. O f 
interest was the combination thickness planer/wide belt sander in Figure 10. The planing 
head in this machine, shown in Figure 11, used disposable inserts bolted onto the drum in a 
spiral pattem. A section of the head with inserts installed is shown in Figure 12. Apparently, 
this design improves surface finish and reduces tooling costs, although considerable labour 
must be required to change the many disposable inserts. 

During our visit, Kikukawa engineers were experimenting with abrasive planing. Figure 13 
shows the planing heads used in the test. Each head has spiral flutes coated with diamond 
abrasive. The different heads shown in the photo have different grits of abrasive. 

3.3 Karimoku Group 

The Karimoku Group produces furniture exclusively for Japanese markets. Eight factories in 
Japan and three in Malaysia and Indonesia contribute to sales of 50 billion ¥ per year. Each 
factory specializes in specific types of fixmiture. The Nagoya factory which was visited 
specializes in producing chairs. 

The Nagoya factory is divided into a number of different sections. The wood processing 
section prepares rough components for further processing. Each month, 300 m of beech, 400 
m^ of oak and 800 m^ of rubber tree wood are used. Rough limiber shown in Figure 14 is 
imported from Malaysia, Indonesia and China and is seasoned outdoors before being dried in 
kilns which are heated using waste wood. Dried lumber is sorted according to use and is sawn 
to rough size. Some pieces are edge glued for chair seats as shown in Figure 15 or are 
laminated into larger sections. Other pieces are steamed and bent for chair backs. N C turning 
machines like the one shown in Figure 16 produce spindles which are used for chair legs. 
Completed pieces are held in storage until required by the manufacturing line. Figure 17 
shows the mobile racks used for rough part storage. 

The manufacturing line only makes several chair models at any one time. Rough pieces from 
the storage area are machined to final shape using both conventional and N C machine centres. 
Figure 18 shows a multi-head N C router beiiig used to simultaneously shape several pieces. 



After machining, chair components are sanded. Most sanding is done by hand, although two 
robot arms are used as well. When asked about the costs and benefits of the sanding robots, 
our guide replied that although costs were high, a major benefit was realized by learning more 
about the capabilities and limitations of the system. The experiences gained with the sanding 
robots will help the company to assess the future feasibility of using robots in other areas. 

Chairs are assembled by hand and inspected before finishes are applied. Upholstery is 
installed and a final quality control check is made before the finished chairs are boxed. 

A l l of the tooling used in the plants had conventional HSS or carbide wear edges. No 
disposable inserts were being used. This is likely because the plant has an established 
sharpening facility for maintaining traditional tooling. Many of the cutters used in the plant 
could be set-up for producing different parts. A n example of this type of cutter is shovra in 
Figure 19. Figure 20 shows a vertical carousel used for tool storage. 

3.4 Kanefusa Corporation 

Established in 1896, Kanefusa has sales of 16 billion ¥ per year, and exports to Asia, Europe, 
New Zealand and South America. The company produces a wdde range of cutting tools, 
including saws, knives, planer and molder heads, milling cutters and router bits. 

Kanefusa is actively promoting the use of disposable inserts for cutters. Claimed benefits 
include improved wear resistance, more accurate machining and reduced maintenance costs. 
Tooling with disposable inserts are available for milling cutters, planer heads and router bits. 
In addition, a line of knives is being produced which uses a disposable cutting edge. These 
knives are available for veneer slicers, super-surfacers and traditional Japanese hand planes. 
Apparently the use of disposable insert tooling is steadily increasing. 

Kanefusa also produces a number of different saw designs for use by both primary and 
secondary woodworking industries. During our visit, we toured their highly automated saw 
production facility which produces 1200 saws per day. Saw production processes like tipping 
and grinding are fully automated and robots are used to move saws through the production 
process. A n automatic quality control system checks the runnout, side clearance and kerf 
width for each saw. Several models of saws produced for the secondary woodworking 
industry have a complex series of laser cuts in the saw body which are reported to reduce 
noise levels during cutting. The slot pattern was developed by an in-house R & D department. 

Large diameter saws and custom saw designs are also produced. Large saws are tensioned 
using an unusual procedure which mimics traditional hammer tensioning methods. Tension 
levels for large saws are monitored by measuring blade stiffiiess as opposed to the traditional 
light-gap method. 

Unfortimately, no photographs were permitted during our visit. 



4.0 32"" NAGOYA INTERNATIONAL WOODWORKING MACHINERY FAIR 

The Nagoya Woodworking Machinery Fair was held on October 6-10, 1995 in Nagoya. The 
fair was first held in 1952 and has since grown into one of the largest woodworking 
equipment shows in the world. This year, the show had 263 exhibitors from 18 different 
countries and was expected to have over 27,000 visitors. Photographs were generally not 
permitted. 

Most of the woodworking machinery exhibited at the show was directed toward secondary 
manufacturing. Many different models of planers, molders, sanders, and sawing systems 
were on display. CNC controlled routers and machining centers were also being 
demonstrated, as were several different makes of CNC panel saws and CNC sanders. Also 
popular were mini-fmger-joint equipment, linear veneer slicers and super-surfacers. Several 
companies had CNC systems designed to produce components for prefabricated traditional 
Japanese style homes. 

Saw and tooling companies were well represented at the show. Several manufacturers 
displayed circular saws with complex patterns of slots which reportedly reduce noise levels 
during cutting and idling. Although carbide tipped circular saws remain the most popular 
choice, most manufactures also had lines of PCD (diamond) tipped saws for cutting abrasive 
materials like M D F and particle board. Saws with chip-limiting tooth designs were being 
promoted for reducing kick-back dangers, however recent experience has shown that these 
saws are not particularly effective in this regard. 

A wide range of tooling was also displayed for planers, molders, C N C machine centres and 
routers. Most companies were promoting the use of tools with disposable cutting edges, 
citing benefits of reduced costs and better machining accuracy resulting from more uniform 
cutting edge aligmnent. For CNC machining centres, a wide variety of complicated cutters 
were shown, many of which have features that make them adaptable to cutting a variety of 
shapes. For example, the tool shown in Figure 21 produces the grooved part shown in the 
foregroimd of the photo. The tool uses both planing and milling cutters in the same head, and 
the location and shape of the milling cutters can be adjusted for producing different parts. 
This eliminates the need to grind custom molder knives in order to produce different parts. 

Many different types of grinders were on display for sharpening saws and cutters. Several 
manufacturers had grinders which used an oscillating motion to improve surface finish and 
cutting edge sharpness. CNC grinders were also available for sharpening complex shaped 
cutters for molders and routers. Also shown were several different machines for automatically 
brazing carbide tips on to circular saws. These machines are not common in North America 
and may offer considerable labor saving for companies manufacturing or maintaining a large 
number of saws. 



5.0 S U M M A R Y 

Travelling to Japan proved to be a valuable opportunity to learn more about both the Japanese 
wood industry and about wood machining technology. 

The 12* International Wood Machining Seminar provided important information on current 
progress at the major wood machining research centres around the world. In time, some of 
this research will be transferred to industry and will help to improve manufactxiring 
efficiencies and reduce costs. 

Visits to industry and to the 32"'' Nagoya International Woodworking Machinery Fair gave 
valuable insight into the Japanese wood industry and provided an opportimity to observe 
manufacturing processes and woodworking equipment used in Japan. In particular, use of 
tooling with disposable inserts is becoming more popular due to possible benefits of improved 
machining accuracy and reduced tooling costs. Disposable knives are also becoming more 
popular for similar reasons. 



6.0 A P P E N D I C E S 



APPENDIX A 

Listing of papers and posters presented at the 12 International Wood Machining 
Seminar, October 2-4,1995, Kyoto, Japan 

Papers 

Session 1 : Cutting Processes 

• Simulation of wood cutting parallel or perpendicular to the grain by extended distinct 
element method, by T. Sawada and M. Ohta, Japan. 

• The effect of cutting speed on the surface quality in wood cutting - Model experiments 
and simulations using the extended distinct element method, by M. Ohta and B. Kawasaki, 
Japan. 

• Transient phases in the peeling process - A model of the first rounds, by C. Deces-Petit, R. 
Marchal and B. Thibaut, France. 

• Comparative analysis of quick-return motion mechanisms for slicing veneers at an 
approximately constant speed, by G. Gogu, Romania and M. Noguchi, Japan. 

Session 2; Surface Rpyghness 

• Progress in evaluating surface quality using optical profilometer techniques, by R. L. 

Lemaster and J. S. Stewart, USA. 

• Peeled veneer from Douglas-Fir - Influence of round wood storage, cooking, and peeling 
temperature on surface roughness, by M. Hecker, Germany. 

• Improving the quality of the surface finish on fast-grown softwoods using factorial 
experimental design methods, by D. McLarnon, D. J. Lavery, S. Moloney, A. Atanackovic 
and J M. Taylor, UK. 

• Ways to increase surface quality in planing solid wood, by R. Fischer, Germany. 

• Surface method for vibration analysis in peripheral milling of solid wood, by U. Heisel 

and H. Krondorfer, Germany. 

• New tools and machining processes for improved surface finish during woodworking, by 

U. Heisel, Germany. 



Session 3: Circular saws 

• High-speed circular sawing using temporary tensioning, by G. S. Schajer and K. J. 
Kishimoto, Canada. 

• Effects of slots on the lateral vibration of a circular saw blade, by S. Nishio and E. Marui, 
Japan. 

• Vibration of circular saws diiring cutting - Cause of self-excited vibration, by K. 
Nakamura, H. Yokochi and S. Kimura, Japan. 

• Vibration characteristics of circular saw blades with step thickness, by W. Cheng, H. 
Yokochi and S. Kimura, Japan. 

Session 4: Production technologv 

• Wood machining of parts for joinery and fimiiture, by R. Birkeland, Norway. 

• Stress relaxation in solid wood bending, by O. T. Eggert, Germany. 

• On-line control of router feed speed using acoustic emission, by G. Cyra and C. Tanaka, 
Japan. 

• Application of near infrared spectroscopy to wood machining, by S. Tsuchikawa and S. 
Tsutsumi, Japan. 

• Characteristics of particles produced in routing of wood based materials, by H. Ikegiwa, S. 
Harima, Y. Fujii and S. Okumura, Japan. 

Session 5: Tools and wear 

• Non-destructive testing of brazed joints in tools for wood processing, by H. Huber, 
Germany. 

• Study of the wearing process of cemented carbide cutting edge when milling secondary 
wood products, by B. Porankiewicz and M. Ziomek-Moroz, Poland, and K. Wagner, USA. 

• Performance of different P V D coated tungsten carbide tools in the continuous machining 
of particle board, by J. Y. Sheikh-Ahmad, and J. A. Bailey, USA. 

• Electrical signals obtained from turning tests performed on medium density fiberboard, by 
A. King, H. A. Stewart and M. Mazzola, USA. 



Cutting performance of diamond coated cemented carbide tools, by T. Morita, K. 
Banshoya, T Tsutsumoto and Y. Murase, Japan. 

• The optimum thickness of chromiimi coating on the clearance face of the tool in the 
milling of Longleaf Pine, by C. Kato, Japan, and J. Y. Sheikk-Ahmad, J. A. Bailey and J. 
S. Stewart, USA. 

Session 6: Frame saws and handsaws 

• Log dynamics during sawing in frame saws, by G. Sitkei and M. Horvdth, Hungry. 

• Improvement in the work efficiency on middle and small diameter Sugi log sawing 
system, by Y. Ikami, K. Nishimura, K. Fujiwara and K. Murata, Japan. 

• Feeding systems and their influence on flexibility and efficiency of log band saws, by V. 

Goglia, Croatia. 

• Bandsaw performance improvement -1- Theoretical and experimental aspects of an 
industrial bandsaw blade behavior during no-load running, by J. -M. Rivat, C. Sales and P. 
Martin, France. 

• What is the relationship between tooth passage frequency and natviral frequency of the 
bandsaw when self-excited vibration and washboarding are induced in handsaws?, by R. 
Okai, H. Yokochi and S. Kimura, Japan. 

Special session: Wood industry in Asia: Its present state and future. 

• Wood industry in China, by Z. Zhou, China. 

• Forest product industry in Taiwan - Present status and future prospect, by Y. -S. Huang, 

Taiwan. 

• Development of the wood processing industry in Indonesia, by B. Tambunan, Indonesia. 

• The present situation and some views on the fiiture of wood-industrial machine industry in 

Japan, by Y. Suzuki, Japan. 

• Estimation of woodworking machinery in Vietnam and tendency in the future, by D. D. 

Boi, Vietnam. 



Posters 

Structure of world hand plane and wood cutting of Japanese hand plane, by A. Yamashita, 
H. Inoue and K. Soga, Japan. 

Cutting of wood by a thin disc with sharpened edge, by K. Kato and M. Kitagawa, Japan. 

The effects of wood fiber directions and tool wear on routing behaviors, by G. Cyra and 
C. Tanaka, Japan. 

On-line control of handsaw feed-speed using fuzzy logic, by C. Tanaka and J. Huang, 
Japan. 

The effect of inclination angle of grain on cutting sound in wood cutting, by K. Nagatomi, 
K. Yoshida. K. Banshoya and Y. Murase, Japan. 

Effect of the rotation speed on the size distribution of black spruce pulp chips produced by 
a chipper-canter, by R. Hernandez and J. Boulanger, Canada. 

Modal analysis of band saw vibration, by H. Yokochi, S. Kimura and R. Suzuki, Japan. 

Wear of band saw teeth tipped with various tooth materials, by K. Murata, Y. Ikami, W. 
Uchida, K. Fujiwara, K. Nishimura, S. Kitayama and M. Ebihara, Japan. 

Rotary veneer peeling of sugi, by T. Takano and N. Kinoshita, Japan. 

Wood surface after plane finishing by heated planer, by B. Kortylewski and G. Wieloch, 

Poland. 

A n experimental device for the study of wood cutting mechanisms — The microlathe, by 
J. Butaud, C. Deces-Petit and R. Marchal, France. 

Finite elements for veneer cutting simulation, by C. Deces-Petit, R. Marchal, France and 

M. Klimczewski, Poland. 

Veneer cutting with a slanted-loading floating bar, by J. Kobayasho, E. S. Bakar, T. 
Tochigi and H. Fukui, Japan. 

Advanced locating method of A E source on hinoki (Japanese cypress) board, by A. 
Chadani, N. Hattori, K. Ando and S. Kitayama, Japan. 

Visualization of circular saw noise using sound intensity method, by J. Zhang, K Ando, N. 

Hattori and S. Kitayama, Japan. 

Laser incising of wood — Effect of wood density and irradiating condition on hole 
shapes, by K. Nakajima, N. Hattori, K. Ando and S. Kitayama, Japan. 



Laser incising on wood — Application to phenolic resin'treatment, by K. Ando, A. 
Nakamura, N. Hattori and S. Kitayama 

New concept of production in furniture industry, by M. Nesic and R. Suletic, Yugoslavia. 

A numerical analysis of tool edge temperature in rubbing against wood, by S. Okumura, 

Japan. 

Analysis of stress concentration in bandsaw tooth using Finite Element Method, by H. Li, 
Y. Fujii, Y. Sawada, S. Okumura and M. Noguchi, Japan. 

The influence of clearance angles of set of a saw tooth in the cutting resistance, by J. 
Yamamoto, Y. Fujii, S. Okumura and M. Noguchi, Japan. 

Pattem recognition of cutting sound with RCE-network algorithm — Feasibility of 
Wigner distribution as a pattem, by Y. Fujii, Y. Sawada and S. Okumura, Japan. 

Research work in the area of wood working at the Institute for Machine Tools, by U. 
Heisel, Germany. 



A P P E N D I X B 

List of publications and brochures 

More information on the following publications and brochures can be obtained by contacting 
the author at Forintek Canada Corp. tel. (604) 224-3221. 

Publications: 

• Proceedings of the 12* International Wood Machining Seminar (in English). October 2-4, 
Kyoto, Japan. Department of Wood Science and Technology, Faculty of Agriculture, 
Kyoto University, 606-01 Kyoto, Japan. ISBN 4-9900401-1-2. 

• Business guide (in Japanese). Harumashi Timber Co. 

• Sawmilling and woodworking machinery catalog (in English). Kikuwawa Iron Works, 
Inc. 

• Business guide (in English and Japanese). Karimoku Group. 

• Business guide (in English). Kanefusa Corporation. 

• Official Guide Book (in English and Japanese). 32"''Nagoya International Woodworking 
Machinery Fair, 3-33, Kamimaezu 1-Chome, Naka-ku, Nagoya, 460 Japan 

Brochures 

• Saw and tool grinders (in Japanese). Mamaka Group. 

• Automatic tippers and grinders for T C T saws (in English). Enokida Co. , Ltd. 

• Oscillating circular saw grinder (in Japanese). Tokai Netsushori Co. , Ltd. 

• Bandsaw side and profile grinders (in Japanese). Ohmi Kinzoku Kogyo Co. , Ltd. 

• Band and circular saw grinders (in English and Japanese). Otari Inc., Marugen Div. 

• Woodworking cutting tool catalog (in English). Kanex Inc. 

• P C D saws and cutters (in Japanese). Itaid Sale and Purchase Corp. 

• Automatic tippers for T C T saws (in Japanese). Hana Commercial Inc. 



7.0 FIGURES 



Figure 1. Presentation at the 12̂ *' International Wood Machining Seminar. 

Figure 2. "Super Precut System" C A D package used at Harumashi Timber. 



Figure 3. Examples of joints used in traditional Japanese home construction. 



Figure 4. Factory line at Harumashi Timber. 

Figure 5. C N C machine cutting an end joint. 



Figure 6. Completed timbers ready for assembly. 





Figure 10. Combination planer/wide belt sander. 

Figure 11. Planing head. 







Figure 16. Multi-axis spindle machine. 



Figure 17. Mobile storage racks. 



;ure 18. Multi-head N C router. 






