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A Systematic Survey of Knitting Machine Technology
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Bl Abstract

The culture of clothing begins the moment we are born, forming an inseparable bond with our bodies. Why
do we wear clothes? Clothing serves various purposes: it protects us from external factors by regulating
body temperature, shielding us from viruses and germs, and guarding against physical dangers. It can
also function as an extension of the body, aiding movement, or as a form of fashion that enhances our
sense of beauty.

On the other hand, since clothing is crafted from fabric, we can take a broader perspective and explore
the relationship between people and fabric itself. Fabric serves many purposes: it is used for carrying
items, tying objects together, shielding against rain, wind, and heat, enhancing interior spaces through
decoration, and even serving as essential materials in medical applications.

So, how is fabric traditionally made? Creating fabric begins with raw thread, which is produced from
materials like animal hair, plant fibers, or synthetic fibers through spinning techniques. This thread is then
converted into fabric, either by hand or with the help of machines.

Broadly speaking, there are two main types of machines used to create fabric: The loom, which interlaces
warp and weft threads in an alternating pattern; and the knitting machine, which uses a series of loops to
form fabric. This report provides a systematic survey of knitting machine technology.

The survey covers the following topics: An overview of the types of industrial knitting machines; and
the historical development, characteristics and properties, and the evolution of technology for each. An
additional chapter is dedicated to the critical role of the knitting needle as a key component and driving
force in knitting machine innovation.

Knitting machines can generally be categorized into three types: warp knitting machines, circular
knitting machines, and flat knitting machines. The first knitting machine to be mechanized was the sock
knitting machine, invented by William Lee in 1589. Structurally, this machine falls under the category of flat
knitting machines. The warp knitting machine and circular knitting machine evolved from the original sock
knitting machine. While more than four centuries have passed since the advent of mechanized knitting, the
most significant technological advancements likely occurred with the transition from manual to automatic
machines. Full automation enhanced operability, and computerization enabled a wide variety of complex
knitting methods.

The chapter on flat knitting machines focuses additional attention to shaping technology, stitch formation
techniques, and knitted pull-down technology for knitted fabrics.

The final chapter provides a summary of the entire book, showing both the challenges faced by knitting
machines as well as future expectations.
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Bl Abstract

It has been 45 years since the first year of the robot market-1980. Today, global annual shipments
of industrial robots have reached 500,000 units. Most of these robots are utilized in the manufacturing
industry, and the Japanese industrial robot market has evolved in response to the qualitative shifts in the
manufacturing industry.

In the early 1960s, the world’s first hydraulic-driven industrial robot was developed in the United States.
While it garnered attention from the US automobile industry, it did not lead to widespread adoption.
However, in the 1970s, advancements in electric servo and semiconductor technology led to the
emergence of electro servo-driven robots equipped with microprocessors, triggering the development of
industrial robots among numerous Japanese machine and electronics manufacturers. At the time, Japan’s
manufacturing industry was fueled by the high-tech sectors of automobiles and electrical and electronics
equipment. The enthusiasm for Japanese robot development and the push for factory automation in these
industries marked 1980 as the first year of the robot market.

In the two decades after the first year of the robot market, the functions and performance of robots
as mechanical products advanced significantly, driven by strong demand from high-tech manufacturing
industries. In the 1980s, the high-tech industry’s push for automation imposed strict performance
requirements, fostering the early development of the robot industry. However, in the 1990s, after the burst
of the bubble economy, a demand for lower costs led to a shakeout of robot manufacturers. Technological
progress in 1980s focused on mechanical components, electric servos, and other electromechanical
innovations. By contrast, the 1990s saw advancements in microprocessors and information technologies,
enabling breakthroughs in control, programming, and simulation tools that required sophisticated
computing power.

Since 2000, Japan’s robotics industry has transformed into an export-driven industry, fueled by increasing
demand from Asia, in contrast to sluggish domestic demand following the burst of the bubble economy.
In the 2010s, exports to China grew rapidly, causing Japanese robot shipments, which had been stagnant
for years after the bubble burst, to double. By the 2020s, the industry became heavily dependent on
the Chinese market, with half of its products destined for China. In the 2000s, competition among robot
manufacturers shifted from improving functions and performance as production machinery to enhancing
the value of robots as components of production systems, with robots becoming more intelligent and
networked. By the 2010s, the focus shifted toward system engineering, emphasizing the technology of
utilizing robots within broader production systems.

Since the 2010s, the market share of Chinese robots has grown significantly, and Japanese robots,
which once accounted for more than 80% of the market, have lost less than 50% of the market share.
Japan’s robot industry needs to prepare for intensifying international competition.

The previous systematic survey on industrial robot was conducted from 2003 to 2005, during a time
when competition was transitioning from enhancing functions and performance as production machinery
to developing production system components. This current survey takes into account the changes in the
market and technology that have occurred since then, including the period of the previous survey.

The previous survey was divided into two sections: one focused on industrial robots, primarily for
manufacturing applications, and another on other types of service robots. The current survey is mainly
focused on industrial robots in manufacturing, a sector that has continued to expand since then. While
service robots have not yet developed into a sustainable industry, a chapter has been included to discuss
specific cases where progress is being made towards their social implementation.



B Profile

N $24  Norio Kodaira
EFAEME EXRMEENERE > 42— TERESE

19754

19924F:
20074

20224
202445

20074F~20204F

20094F ~20164F
20184E~8l 7

20184E~

O T3 R 2 T A i B T2 B A3
SEBARR A AL, 19784 X 0 FALIE B 72
FHCCHEEH Ry s ORI HEH
IR U ARIREEIT. 2R BEITIC TR »
NRERD - BRSSO B 2 AT

RHFAY AT AHERT T ERME

20134E 2 & F

SE MR SRR

] 37 B 2 i S AR SR R e v 4 —
FIRER

(—th) HATR Y b T3S
VAFLAIY VT Y THER.

TRy MR A R

(—1h) HAvXR Y b2& B, BIAE.
HE. B, 2023 5B AE

(—H) HATERY by AFAAL V77 L—%
mazh

BlOAE () =TT —ru—OVIEERRE B

M Contents
‘| i (3: UU)(: ................................................... ‘| ‘| O
2_ El;‘l'i“y hE%@ﬁg .................................... '| '|2
3. 8EEAOR Y FORERBE
Ez’g@%iﬁ%@gﬁfgg{t ................................. '| 20
4. £ERHE UCOREEROR Y FORERE
(BH&EERDOR Y FOFEED S2000%FF T) - 131
5 £EVRT LAERE UL TCOEEERORY ~D
FERARIE (DOOOLELIFE) wooervvvrreeeermmmeeeenns 158
6. ZDfthDEZEAONR Y NOIRIEE oo 176
7_ Bb D (C ................................................... ] 86
8_ §Q§E¥ ......................................................... ] 90




BEEREE/NT—AT 7YY IEDRGLRE

Systematic Survey on Electric Power Steering Technology for Automobile

| 4 |

l:piﬁ 1§ﬂ Shunsuke Nakaura

EE

ANFHNWTBEATHRETEIEDINICEAD [BI ICRDICET. KIDELABETDIIENTEDLSICH O,
TSIC, HFEREDER/EIND EFLEDEMD S| KEMITETELENEODNDLSICHED . ARKEFIE [FHE]
ZELBFERO—VEHUNSER LTV, BEF. BFELAFZEFHTHUED LTULWh, BEIEDOHRELR
BFICAT 7V YIDBRBEENDKLIICHEDIce ATTVUVITEEG. EBKUMBEEDETAAZEEICEET
21D [hUBDbEE| OZETHD. HFFETIE. MEREE] LEDNTVS,

BEERAT7 YUV JOERS. EEEDRE L RARAEEIEIND . BEEDORRZRAEISE. 205U 3
€7 -# 13— (Nicolas-Joseph Cugnot) [C&KDREENT [ZWMZETEEE] D5 1 S (1769 F) hi,
HREVIOBEFELRHSNTL S,

AVUVEEERF. 1885 FICRAIYDILLST—DAVUIIVIVEFA—NAICEEATED, 31886
FICARBEICI VI VHEHSNEMBRETETLTWVWS, BIULL RMYDRYYE 1886 FIC=EwEHE.
89 F(CFHBFEZ\ITFNEEZEHZERE L CHEDEBETIESN TS O EAMICHEEL TULI,

1900 FBIC 75V A0 EEER{/\F—IL- I - )LTJ 7Y —)btt (Panhard et Levassor) 8{EDBEEIE(C.
ARDORATF7ZUVIRA—=ILU\V RIL) . ZERAD YA VHREINI,

1950 ERICAD ER—IVRURRAT 77UV IHET %, Vr—LF VP EFy MORIILEDEEICHHER
DEATNDTET. RFPVUVITERFIEDERED SED D EEATIREIN, BUOMRENTOIRMEZDEEICL
Tzo ZUT. 1970, FF(ZJOY hIVYY - 7OV MNRSA D) EOERHMIBFD L. BHICENEIY
INT RE, BUDDEL T A LI FNTIEEESIRIEEEED S, A7 7 VUV IHEBER—ILRh XSSy I8E=
FIURNEERDENANED S,

NI—=RF7UVIDWEDIE. HEDHTEMADZRENT DHMEX/NT—ZAFT TV VITH oI, MEXD
KELFARELT, BRBRIET + — UV IHESN. BRESLUABRBICEZICHINTEDEHEHEL
TEIFSND, —A. ETHREIRIVF—ZRRKICHERATHEICHED, EIROBRISEHN (BE/INT—
ATFFZUVI)DBRATNTVK T EICHED,

HRDOEEN/NT—RAF7VTELT, ASLT7VARNIATEHINT—-RAFT7UIH 1988 FE 3 HIC
BAROBEHEICESE SN, 1989 F(ClF. TVI VI —LEBEEUVLTRERYELDIE=F VTPV ANTA
TEFHINT—RAF7UVIHEROEBEEICREASIN. ZUT. 1990 Fic. HFRYOEEEQITDS vIT
VANIATEHIND—RAT 7 VUV IHEFZERKRT DA AR—Y h—CEH N,

—AGHERDOBATIRE D « — U Y IDIFFE NN MIETIE. 1990 FRAEEN SEENRY TURE/ND—
A7 7 U 2Z (Hydraulic Electric Power Steering) bR T NIRH T,

BEINTD—RAFF7UVI (EPS)d. AFFUVIASALICERE—FICELDT VR MEBEZ—(RICHAATED
SLTP VAT AT EPS ZEIMRECESE L TLE. BEROEEHEHIHZZEPDICERL TEfR, 2000 F{X
[C7ED EPS & 10 FOTISEED SEFREICH T DHIZDOFTFMEETD . KDFEON—IATERDHEA U,

EMmIZICBNTIE,. RAED/INT—RAT7 UV IEREOILKICHL. NBENDINT—RAFT7 UV IRE
D=—XBEFD. 1996 FtEH S/I\BIEN EPS OIRADIRET oo, ILKFIBICHSVTEH, 2001 FICKESE
EHEEUTHISHT/NE SUV ([COS LY 1 T EPS higsEisnic,

SHADNERESNZSHEREBEL FORAEGFIC. BROBFEA—H—HSvIT7 VX Y14 T EPS OIFA
ZHIEL. BASDRAT 7 UV ITAXA—HN—HEPS TBICBATIEIETHEREE>c. 2010 FEICIFHEIN
D—AF7 VI EAEDEHISTTIEMUT.

2010 FLRFICIED &, HFMICH - KEIE~NDEHISDEMDN—H LEHD. 2020 FTld 70%L E
D EPS BHZFEICIE>TWVWD, - KBUEMIF EPS EUCRHRESNE., [Fa7IVEZF V51 TEEIINT—X
T7UVT(DP-EPS)] B8&U Sy INSVILYATEEBINT—ATF7UVT (RP-EPS) | . ZDENI
HEED'S. KDZ L DEMIC EPS higEcNd T &IcKEoTe,

AREER. BEHERBH/INT—IAT7 VUV IOENMAROEEZ. BHEEOEEH SHEEZMIBL. BEIE
HMEDODERERATT7 YV IFEMDOEERERL. ROAF Y TTlE [EPS OFfEEHS EPS hINT—XFF7 UV
TEHERICBVTNo.1 DRAFFZUVIVAT L] [CEDFTOEMBERORRILAEZERMEL. TOREREHE
MICE LD,



Bl Abstract

People were able to travel greater distances by riding horses, which were much faster than traveling on
foot. As roads were laid, wheeled vehicles pulled by horses and other animals came into use, and horse-
drawn carriages have been in use since ancient Roman times. These carriages required a rider to control
the horse, but with the advent of the automobile, steering became essential. Steering is a system designed
to intentionally change the direction of a vehicle’s travel.

The origin of the automobile steering system is assumed to be contemporaneous with the birth of the
automobile. An examination of the history of the automobile reveals that the first three-wheeled steam car,
built by Nicolas-Joseph Cugnot in 1769, is recognized as the world's first automobile.

In 1885, Daimler of Germany mounted a gasoline engine on a motorcycle, and conducted a first test
drive. The following year, in 1886, Daimler built a four-wheeled vehicle with an engine mounted on a
wooden carriage. Meanwhile, Benz, also from Germany, focused on practicality by constructing a three-
wheeled car in 1886 and a four-wheeled car in 1889, both made with steel for added safety.

Around 1900, cars produced by the French automobile company Panhard et Levassor were fitted with a
circular steering wheel and pneumatic tires.

In the 1950s, ball screw steering was developed. By inserting steel balls into the contact surface between
the worm gear and nut threads, friction was shifted from sliding friction to rolling friction, similar to that of
bearings, enabling steering with lighter steering effort. In the 1970s, as front-engine front-drive (FF) cars
began to spread, the mainstream steering mechanism was switched from the ball screw type to the rack
and pinion type offering advantages such as compactness for easier installation and more direct, precise
steering with reduced play.

Power steering began with hydraulic power steering, which uses hydraulic power to assist with steering
effort. One of its main advantages is that it offers a natural steering feel and can be easily adapted to both
luxury and larger vehicles. However, hydraulic power steering wastes energy during operation, leading to
the adoption of electric power steering from an energy conservation perspective.

As the world’s first electric power steering, a column-assist type was installed in Japanese light vehicles
in March 1988. In 1989, the first pinion-assist type electric power steering system, mounted in the engine
compartment, was adopted in Japanese light vehicles. Then, in 1990, Japan’s leading new-generation
sports vehicle became the first to feature the world’s first rack-assist type electric power steering for a
regular passenger car.

In contrast, the European market, which favored the natural steering feel of hydraulic steering, began
adopting Hydraulic Electric Power Steering (H-EPS) in the mid-1990s.

The electric power steering (EPS) market has been growing mainly in the Japanese light vehicle sector
since the introduction of the column-assist type EPS, which integrates a DC motor assist mechanism
into the steering column. In the 2000s, the market began expanding more rapidly as the EPS gained a
reputation for reliability, built on its 10 years of successful market performance.

In the European market, as the installation rate of power steering in passenger cars increased, the
demand for power steering in compact cars also grew, leading to the adoption of EPS in compact cars
around 1996. In the North American market, the first column-assist type EPS was installed in small SUVs
as US production vehicles in 2001.

Japanese and European automakers began to adopt rack-assist type EPS for mid-sized and larger
passenger cars that require high output, and domestic and foreign steering manufacturers began to
actively enter the EPS market. By around 2010, the adoption of electric power steering had reached the
same percentage as hydraulic power steering.

From 2010 onwards, the proportion of medium and large vehicles equipped with EPS increased as
a faster pace worldwide, and by 2020, the EPS installation rate surpassed 70%. The dual-pinion type
electric power steering (DP-EPS) and rack-parallel type electric power steering (RP-EPS), developed
specifically for medium and heavy-duty vehicles, have been installed in more vehicles due to their superior
performance.

This report begins by exploring the history of electric power steering technology for automobiles, starting



with the development of automobiles and the evolution of steering systems. The next section presents a
systematic survey of the technological advancements from the birth of EPS to its emergence as the leading
steering system, in terms of installation rate for power steering, with a detailed summary of the findings.
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Bl Abstract

The use of “My Bottle” has become a common practice part of in our daily life, not only helping to
reduce reducing plastic waste, but also contributing greatly significantly to energy conservation through
with its the basic heat-insulating performance of the stainless steel vacuum duplex construction (vacuum
flask), which effectively retains heat and cold. In addition, vacuum flask companies are collaborating with
retailers and local governments to reduce environmental impact and promote the make effective use of
resources. These efforts include, providing water and tea supply spots and collecting used stainless steel
bottles as part of an approach to recycling-oriented focused manufacturing.

The vacuum flask originated during the Second Industrial Revolution in the 19th century, as an invention
by a Scottish chemist. This chemist invented a glass vacuum double-bottle to cool and preserve gases.
This glass vacuum double-bottle, known for its excellent heat-insulating properties, was enclosed in a
metal case to maintain its temperature, which made it a portable good for sale, and marked the beginning
of vacuum flasks. It is widely believed that the term “vacuum flask” was coined due to its revolutionary
ability to provide excellent heat insulation.

The world’s first portable glass vacuum flask was sold in Germany in 1904, initially designed for
explorers challenging the extreme cold. These vacuum flasks were later produced in Japan and exported
to Southeast Asia as household items, prompting an expansion in production. As Japan went through
postwar economic growth and accompanying lifestyle changes, vacuum flasks became commonplace.
By 1980, they were widely used as tabletop vacuum flasks and owned by every family.

The development of glass vacuum flasks began with the automation of vacuum double-bottle production.
Along with the mechanization of the inner and outer valve processes, two types of valves were integrated
and silver-plated in the space between them, while the vacuum process itself was also automated. This
allowed for mass production of glass double bottles, ensuring a stable supply and consistent quality. Over
time, glass vacuum flasks were designed in various shapes to suit different uses, with particular functional
advancements made in tabletop and pneumatic tabletop vacuum flasks. By 1981, sales of glass vacuum
flasks for general household use peaked at approximately 20 million units.

After the material of the inner bottle was changed from glass to stainless steel, each company developed
its own method for manufacturing stainless steel vacuum double-layer bottles. They enhanced reliability
through techniques such as metal press work, optimizing exhaust conditions, refining welding shapes,
surface treatments, as well as conducting airtightness and temperature inspections. The development of
applications based on JIS also progressed, and in particular, the portable stainless steel vacuum bottle
“Mug Bottle” became a catalyst for sales growth with its direct-drinking design that created new needs.
The Mug Bottle, an essential item for going out, has become a daily necessity for many since 2015. This
success can be attributed to the innovative technological advancements made by pioneering engineers,
adapting to the changing times with their ingenuity and know-how.

This report begins by examining the technological development and evolution of glass vacuum flasks,
focusing on the essential functions and reliability required for the finished product. This study was
expanded and systematized for the period after stainless steel vacuum flasks, born from the new vacuum
technology, entered stable production, and examines the manufacturing technology for smaller and lighter
vacuum flasks, the development of vacuum flask applications, and the evolution and transition process of
the key components. This study also explores manufacturing facilities for stainless steel vacuum flasks,
highlights examples of cooking utensils developed using vacuum insulation technology, and examines
collaborative applications with other industries for industrial or research purposes.
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