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Technical Program 

10 月 28 日(木) 

09:30 - 09:40 
Opening Remark 

4DFF2021 大会実行委員長 渡邊 恵太 (明治大学) 

09:40 - 11:20 
Session 1 

持続可能な社会の実現 
座長：山岡 潤一 (慶應義塾大学) 

09:40 - 10:10 
 
 

IN-01 消費者回収材料からの 3D プリント量産プロセスの実現 
 ～東京 2020 オリンピック・パラリンピックの 3D プリント表彰台製作を通して～ 
 湯浅 亮平 1 , 野老 朝雄 2 , 平本 知樹 3 , 江口 壮哉 1 , 田中 浩也 1  
  (1 慶應義塾大学，2TOKOLOCOM , 3 株式会社 wip) 3 
 

10:10 
OP-01 リサイクル可能なフットウェアのための 3D プリント設計と組立方法の検討 
 増田 恒夫 1，淺野 義弘 1，宮田 知起 2，奥野 雅大 3，益山 詠夢 1，田中 浩也 1  

  (1 慶應義塾大学，2 株式会社 ORPHE，3 ラピセラ株式会社) 13 
10:30 
OP-02 再生プラスチック材料を用いた 3D プリント椅子・ベンチの設計と製造実証 
 益山 詠夢 1，大木 智博 2, 田中 浩也 1  (1 慶應義塾大学，2 東京エコリサイクル株式会社) 17 
10:50 
OP-03 海洋生分解性プラスチックの特徴を活かした，新たな 3D プリントプロダクトの可能性 
 安宅 絢音１，滑川由記１, 濵﨑トキ 2, 山崎周一 3, 田中浩也 1  
  (1 慶應義塾大学，2 株式会社 Boolean, 3 株式会社ネクアス) 21 
11:10 
Session 1 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 

11:20 – 11:50 
Session 2 

価値創造のためのツール製作と活用 
座長：木脇 幸洋 (株式会社ブリヂストン) 

11:20 
OP-04 誰でもできる「用途要件・塗布材料に合わせた，カスタマイズ IJ プリントヘッド」作り 
 平林 純  (山形大学) 25 

OP-05 Withdraw ヘッド固定ステージ可動形プリンティングシステムによる立体物表面への加飾印刷 
 戸野 愛深  (法政大学)  
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11:40 
Session 2 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 

13:05 - 14:45 
Session 3 

新規構造デザインと造形・建築 
座長：田中 浩也 (慶應義塾大学) 

13:05 - 13:35 
 
 

IN-02 未来の窓を考える「未来をひらく窓―Gaudí Meets 3D Printing」 
 鈴木 啓太 1，菊池 彩乃 2，田中 浩也 3  
  (1PRODUCT DESIGN CENTER , 2YKK AP 株式会社，3 慶應義塾大学) 5 

13:35 
OP-06 3D プリンティング材料のための構成モデルの音響キャリブレーション法 
 钟 圣泽，プンポンサノン パリンヤ，岩井 大輔，佐藤 宏介  (大阪大学) 29 

13:55 
OP-07 苔を活かした日本型「土」3D プリンティングによる社会環境彫刻の試み 
 松木 南々花 1，名倉 泰生 2，知念 司泰 1，大村 まゆ記 1，田中 浩也 1，青木 竜太 3，青山 新 3，伊藤 光平 4  
  (1 慶應義塾大学，2 慶應義塾大学大学院，3METACITY, 4 株式会社 BIOTA) 33 
14:15 
OP-08 双安定なキリガミ構造による曲面設計手法 
 豊岡 龍弥，舘 知宏 (東京大学) 37 

14:35 
Session 3 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 

14:45 - 16:15 
Session 4 

使い易さのための I/F，評価，モデル 
座長：藤井 雅彦 (inkcube.org) 

14:45 
OP-09 視線入力アプリで 3D プリンタを操作することで DTM 機器を演奏する研究 
 濱中 直樹 1，大友 高行 2，林 園子 1，鈴木 ゆかり 3，梶山 紘平 4  
  (1 慶應義塾大学 SFC 研究所，2 東海大学，3 ファブラボ宮崎β，4 無所属) 41 
15:05 
OP-10 ゲルプリンティングにおける熟練者技能の継承に向けたアイトラッキング動画解析 
 落合 俊樹 1，渡邉 洋輔 2，小川 純 2，川上 勝 2，エムディナヒン イスラム シブリ 2， 
 アジット コースラ 2，古川 英光 2   (1 山形大学，2 山形大学大学院) 43 
15:25 
OP-11 複数の高分子材料を組み合わせた触覚認知モデル 
 廣瀬 航佑 1，渡邉 洋輔 2，小川 純 2，エムディ ナヒン イスラム ジブリ 2，アジット コースラ 2， 
 川上 勝 2，古川 英光 2 (1 山形大学，2 山形大学大学院) 47 

15:45 
OP-12 3D スキャンを可能とするゲルの表面修飾法の検証 
 鈴木 康海 1，渡邉 洋輔 2，小川 純 2，エムディ ナヒン イスラム ジブリ 2，アジット コースラ 2， 
 川上 勝 2，古川 英光 2 (1 山形大学，2 山形大学大学院) 51 

16:05 
Session 4 オーサーズインタビュー(インタビュールームは zoom 画面下に表示)  
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16:15 - 17:45 
Session 5 

価値創造のためのマテリアルデザイン 
座長：高橋 茂樹 (山形大学) 

16:15 
OP-13 3D Print 造形物と繊維構造体によるコンポジット複合材 
 沼田 みゆき 1，増田恒夫 2，児嶋大世 1，山中克浩 1，宮本正教 1，青木まゆみ 2，田中浩也 2  
  (1 帝人株式会社，2 慶應義塾大学) 55 
16:35 
OP-14 バイメタルを使用した熱誘起相転移を示す格子構造の創製 
 永山 隼, 鐘ヶ江 壮介, 奥川 将行, 小泉 雄一郎 (大阪大学大学院) 59 

16:55 
OP-15 菌糸と生分解性プラスチックを複合した多孔質構造体の可能性 
 知念 司泰 1，鳥居巧 1，名倉泰生 2，田中浩也 1 (1 慶應義塾大学，2 慶應義塾大学大学院) 61 

17:15 
OP-16 安全性向上に向けた高分子光開始剤の開発 
 竹田 賀美，小林 大輔，清貞 俊次 (KJ ケミカルズ株式会社) 65 
 
17:35 
Session 5 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 
 
 
 
 

17:45 - 17:50 
大会実行員会からの連絡 
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10 月 29 日(金) 

09:30 - 09:35 
大会実行委員会からの連絡 

09:35 - 11:15 
Session 6 

社会実装にむけた取り組み 
座長：常盤 拓司 (慶應義塾大学) 

09:35 - 10:05 
 
 

IN-03 日本初 3DP を活用したフルカスタマイズ製造 - 3DP による大量生産がもたらす全く新しい製造- 
 古賀 洋一郎 (3D Printing Corporation) 11 

10:05 
OP-17 学校教育における 3D ゲルプリンタを活用した立体造形の学習に関する一考察 
 臼井 昭子 1，登本 洋子 2，櫻井 佑真 3，渡邉 洋輔 4，古川 英光 4  
 (1 山形大学有機エレクトロニクスイノベーションセンター，2 東京学芸大学大学院，3 山形大学，4 山形大学大学院)67 
10:25 
OP-18 3D プリントフットウェアを活用した市民参加型ワークショップの実践 
 鎌倉市における実証実験「データウォーク＠かまくら」を通じて 
 淺野 義弘 1，中山 秀樹 2, 宮田 知起 3, 奥野 雅大 4, 増田 恒夫 1, 守矢 拓海 1, 田中 浩也 1   
  (1 慶應義塾大学大学院，2 鎌倉市共生共創部，3 株式会社 ORPHE，4 ラピセラ株式会社) 71 
10:45 
OP-19 都市における多様な居方・振る舞いに対応した大型メタマテリアル構造体の設計と製造 
 矢崎 友佳子，有田 悠作, 加藤 陸, 田中 浩也 (慶應義塾大学) 75 
11:05 
Session 6 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 

11:15 - 12:25 
Session 7 

価値創造のための FAB プロセス提案(1) 
座長：大柏 宣栄 (武藤工業株式会社) 

11:15 
OP-20 Withdraw UV プリンタを用いた布の自己折りにおける折り目幅と折り角の関係性 
 小山 和紀 (東京大学大学院)  
11:35 
OP-21 ダイヤモンド格子型のジョイントシステムの提案 
 木島 凪沙，舘 知宏 (東京大学) 79 

11:55 
OP-22 食品 3D プリンタの材料押し出しスクリューの形状最適化 
 一森 湧 1，渡邉 洋輔 2，エムディ ナヒン イスラム ジブリ 2，アジット コースラ 2，小川 純 2 
 川上 勝 2，古川 英光 2 (1 山形大学，2 山形大学大学院) 83 
12:15 
Session 7 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 
 
 
 

招待講演 

iv



 
13:20 - 14:10 

 
 

座長：渡邊 恵太 (明治大学) 

KN-01 「ロボット・イノベーションが導く変革」 - 不完全さの中にこそ，進化の種がある 
 竹中 司 (アンズスタジオ/アットロボティクス) 1 
 

14:10 - 15:20 
Session 8 

価値創造のための FAB プロセス提案(2) 
座長：古賀 洋一郎 (株式会社 3D Printing Corporation) 

14:10 
OP-23 造形可能な溶液粘度領域の拡張を目指した 3D ゲルプリンタの開発 
 櫻井 佑真 1，渡邉 洋輔 2，川上 勝 2，エムディ ナヒン イスラム ジブリ 2，小川 純 2， 
 アジット コースラ 2，古川 英光 2 (1 山形大学，2 山形大学大学院) 87 
14:30 
OP-24 イオン液体ゲルを用いたキャパシタの 3D プリンティング 
 小林 竜也 1，渡邉 洋輔 2，アジット コースラ 2，川上 勝 2，エムディ ナヒン イスラム ジブリ 2  
 小川 純 2，古川 英光 2  (1 山形大学，2 山形大学大学院) 91 
14:50 
OP-25 ExpandFabric:熱膨張素材の添付による布の形状加工の基礎検討 
 開元 宏樹，筧 康明 (東京大学) 95 

15:10 
Session 8 オーサーズインタビュー(インタビュールームは zoom 画面下に表示) 

15:20 - 15:35 

4DFF 研究会協賛団体活動紹介 

15:35 - 15:55 

ショーケース：動画による研究成果紹介 

--- ここからのセッションは oVice 会場にて実施します --- 

15:55 – 16:50 

ショーケース：研究成果発表と議論 
https://sig4dff2021.ovice.in/lobby/enter 

 

SC-01 泡構造 3D プリンティングによる触感と光の同時制御 
 中村 亮太，大平 麻以, 田中 浩也 (慶應義塾大学) 99 

SC-02 Crystal Deposition Printing : 結晶析出を用いた 3D プリンタ造形物のポストプロセスの探求 
 大村 まゆ記 1，荒井 将来 2，田中 浩也 1 (1 慶應義塾大学，2 慶應義塾大学大学院) 103 

SC-03 トレーシングペーパーの吸湿変形のための表現メディア装置の要件の検討  
 高橋 明日香，渡邊 恵太 (明治大学) 107 
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SC-04 大型 3D プリンターでのワイヤープリントを用いた葉脈の表現と新しい傘の模索 
 坂田 拓人，阿部辰海，滑川由記，松岡康友，田中浩也 (慶應義塾大学) 111 
SC-05 Withdraw ドローンの気圧を活かした布の空中展開の探求と、ファッションデザインへの応用 
 松本 夕祈 (慶應義塾大学)  

SC-06 3D プリンタによるポリウレタンフォーム特性の再現と自動車用シートへの適用  
 板橋 大一 1，高橋 佳之 1，岡崎 太祐 2，淺野 義弘 2 (1 株式会社ブリヂストン，2 慶應義塾大学大学院) 115 

16:50 - 17:20 
 
 

司会：青木 まゆみ (慶應義塾大学) 
https://sig4dff2021.ovice.in/lobby/enter 

 
 

17:20 - 17:35 

各賞受賞者発表 & Closing Remark 
4DFF2021 大会副実行委員長 藤井 雅彦 (inkcube.org) 

https://sig4dff2021.ovice.in/lobby/enter 
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4DFF 研究会協賛団体 
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KJ ケミカルズ株式会社 https://www.kjchemicals.co.jp/ 

2 
 

山形大学インクジェット開発センター https://inkjet.yz.yamagata-u.ac.jp/yu-ijc/ 
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基調講演 

竹中 司 (アンズスタジオ / アットロボティクス 代表取締役) 
武蔵野美術大学修士課程修了後，同大学助手，講師を経て，2005-2008 年，ブリティッシュコロンビア大学大学院客員講

師．現在，慶応義塾大学及び東京藝術大学 大学院講師(非常勤)．2009 年，世界に先駆けてコンピュテーショナル・デザ

インのスタジオ「アンズスタジオ」を岡部文と共同設立．2016 年，ロボットを活用した DX 技術を実践する「アットロボティクス」

を設立，同代表取締役を務める．コンピュータとロボットを自由に且つ繊細に扱いながら，手の仕事を越えた新しい時代の

「豊かさ」を創造する活動に取り組んでいる． 
 
 

招待講演 
湯浅 亮平 (慶應義塾大学 環境情報学部 特任助教) 
『フィラメント工房 by KYORAKU Co., Ltd.』の 3D プリンタ用フィラメント開発プロジェクトで，自動車部品や⻝品・医療用材

料のノウハウをフィラメント開発に活かし，3D プリンタの可能性を広げている．「SMP：形状記憶ポリマー」「PPCF：炭素繊維

強化ポリプロピレン」「ノズル詰まり予防に効果的なパージフィラメント」等の開発に従事．4DFF(4D and Functional 
Fabrication)研究会メンバー 
 
 
 
鈴木 啓太 (PRODUCT DESIGN CENTER 代表) 
プロダクトデザイナー，クリエイティブディレクター．1982 年生まれ．多摩美術大学プロダクトデザイン専攻卒業．PRODUCT 
DESIGN CENTER 代表．古美術収集家の祖父の影響で，幼少より人が織りなす文化や歴史に興味を持つ．森林活用から

都市環境，伝統工芸から 3D プリンティングなどのアディティブ・マニュファクチャリングまで，幅広い分野に精通．美意識と

機能性を融合させたデザインで，国内外でプランニングからエンジニアリングまでを手掛ける．2008 年「TOKYO 
MIDTOWN AWARD」受賞，2016 年「HUBLOT DESIGN PRIZE」初のアジア人ファイナリスト，2018 年初個展「鈴木啓太の

線：LINE by Keita Suzuki」を柳宗理記念デザイン研究所で開催，2019 年「相模鉄道 20000 系」が「ローレル賞 2019」受賞，

2020 年「ELLE DECOR Young Japanese Design Talent」受賞等．2015-2017 年グッドデザイン賞 最年少審査委員． 
菊池彩乃（YKK AP 株式会社） 
「未来をひらく窓―Gaudí Meets 3D Printing」  企画担当者） 

古賀 洋一郎 (株式会社 3D Printing Corporation 最高技術責任者) 
株式会社 3D Printing Corporation 最高技術責任者 
東京工業大学で 3D プリントカーボン複合材に関する研究の博士号を取得．国内のカーボン複合材を使用する 3D プリント

の設計標準化組織で中心的な存在となっている．4DFF(4D and Functional Fabrication)研究会メンバー． 
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Nozzleの直径 

Nozzle

45度以下ではオーバーハング 
してしまいプリントできない

45以上の角度レイヤー高さ

冷蔵庫 (60kg)
PP リサイクル 6kg

x 1 台

椅子 x 1 台
PPリサイクル 6kg

エアコン (40kg)
PP リサイクル 3kg

x 2 台

洗濯機 (38kg)
PP リサイクル 6kg

x 1 台

/ /
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1

New Potential of 3D Printed Products : Making Use of the Marine-biodegradable Plastic

Ayane ATAKA1, Yuki NAMERIKAWA1, Toki HAMASAKI2, Shuichi YAMAZAKI3, Hiroya TANAKA1

1Faculty of Environment and Information Studies, Keio University,
2Boolean Co., Ltd., 3NEQAS Co., Ltd.

Abstract
Biodegradable plastics are plastics which can be decomposed by the action of micro-organisms into water and 

carbon dioxide under specified conditions such as compost, soil and the ocean. This research proposes the new valuable
ways of Marine-biodegradable plastic products through making maximum use of both 3D printing technology and the 
characteristics of the material. We explore the Marine-biodegradable plastic’s potential of providing us with additional 
valued products which is beyond the existing idea using these as just an alternative to fossil-based plastic. In addition to 
the systematic classification of bioplastic products, researches of present situation of the ocean, directions of prototypes 
and prospects of the future are also shown. 
Keywords: 3Dprinter, Bioplastic, Biodegradable, Marine-biodegradable, SDGs
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Acoustic Calibration Method of Constitutive Model for 3D Printing Materials 
 

Shengze ZHONG, Parinya PUNPONGSANON, Daisuke IWAI, Kosuke SATO 
 

 Graduate School of Engineering Science, Osaka University 
(zhong@sens.sys.es.osaka-u.ac.jp, {parinya, daisuke.iwai, sato}@sys,es.osaka-u.ac.jp) 

 

Abstract
In additive manufacturing, the mechanical properties of materials play a vital role in designing and optimizing 

structures. We propose an acoustic calibration method for obtaining the material constitutive model by modal sound. It 
introduces the role of the material constitutive model in additive manufacturing, analyzes the relationship between the 
material constitutive model and modal sound, and proposes an optimization method of regressing the material constitutive 
model through modal sound. This method is helpful to realize the rapid evaluation of material properties without using 
complex instruments to improve the final design quality of products. 
Keywords:3D printing, constitutive model, modal sound 

 
 
1. Introduction 

The development of additive manufacturing 
technology has triggered personal manufacturing and led 
to rapid prototyping and structural optimization design. 
Through 3D printing, individual users can enrich their 
living space with personalized structures; companies can 
achieve rapid design iterations to considerably shorten the 
product design cycle. With the continuous evolution of 3D 
printing structures from ornaments to functional parts, 
users have put forward higher requirements for structures’ 
mechanical performance, such as load-bearing and 
vibration. 

Introducing material constitutive models in the design 
process meets these growing demands. The material 
constitutive model describes the material's mechanical 
response under load by numerically correlating stress and 
strain. This relationship is of great significance for the 
design of parts with mechanical performance 
requirements. After obtaining the material constitutive 
model, users can choose materials that are more in line 
with product characteristics, or they can significantly 
improve the performance of materials by optimizing the 
structure design without increasing the consumption of 

printed materials [1], like the MBB beam (i.e., a supported  
 

 
Figure 1. Optimization of 2D MBB beam. With the material 

constitutive model, the structure is generated with stronger 
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loading performance and lower weight after iterations. 
beam which removes material to perform weight 
reduction while maintaining low compliance) [2] as 
shown in Figure 1. 

Previously, it was difficult to obtain the constitutive 
model of 3D printing materials. Most 3D printed material 
documents do not contain the corresponding constitutive 
model, and the traditional constitutive model calibration 
method requires complex experimental equipment and 
operations, such as using amplified audio and laser to 
force and record the material’s vibration [3] or use fixtures 
and machine tools to conduct groups of material 
deformation experiments [4]. In order to enable individual 
users to measure material properties easily, this research 
proposes a user-friendly acoustic calibration method that 
regresses the constitutive model of the material based on 
the modal sound of the 3D printed sample. 
 
2. Acoustic Calibration Method 

In this section, we first introduced the application of 
the constitutive model in structural design, followed by 
the calculation of modal sound through the constitutive 
model. Finally, we proposed the method of using modal 
sound to regress the material constitutive model. 

The material constitutive model describes the 
relationship between stress and strain. In practice, the 
constitutive model   is a   matrix of material 
constants [5], which includes normal and shear stress-
strain relationships , as shown in equation 2.1. 

       (2.1) 

When there is a precise demand for the force feedback 
of the structure, we need a more accurate constitutive 
model to complete the optimal design. For example, when 
designing the supporting flange of a shelf, we need a 
constitutive model to ensure that the structure looks 
elegant while having sufficient load-bearing capacity. 
Besides, when the structure is embedded in a more 
complex system, the constitutive model can be used to 
calculates and adjusts the natural frequency of the 
structure to avoid resonance. For example, in vehicle 
design, there are requirements of high NVH performance 
(noise, voice harshness), and structures’ frequency design 
is of great importance. 

In order to observe such stress-strain relationship to 
calibrate the material constitutive model, the conventional 
method deforms the material to observe the stress-strain 
relationship. However, the individual user does not have 
such experimental equipment. Therefore, we consider 

using modal analysis (to be more specific, modal sound) 
to observe loaded material's stress and strain relationship. 

 
Figure 2. The proposed acoustic calibration scheme of the 
material constitutive model. (a) The 3D printed structure for 
calibration. The red arrow is the external force, and the blue 
dots are constraints. (b) The vibrated structure under a 
particular mode. (c) The constitutive model calibration 
process, which aims to minimize the difference between 
simulated and recorded sound. 
 

Modal analysis is widely applied for measuring 
structural vibration in aerospace, vehicles, ships, and 
electrical appliances. Engineers often conduct finite 
element analysis according to the structure's CAD model 
and material parameters to obtain the computational 
modal. They then use the exciter to knock the vibration 
sensor attached to the structure's surface to obtain the 
experimental modal. The experimentally measured modal 
is also helpful to calibrate the material parameters. 
However, it is essential for individual users who cannot 
access industrial equipment to measure structural 
vibration more straightforwardly. Therefore, we propose a 
method to measure vibration using sound, which only 
needs a microphone. 

The modal sound is closely related to the constitutive 
model of the material. Derivation from the constitutive 
model to modal sound can be divided into two parts. The 
first part is the vibration process. That is, the object 
produces modal vibration under external force. For linear 
systems, this vibration can be decoupled into  
orthogonal single-degree-of-freedom vibration, 
corresponding to the  modes of the system. The second 
part is the acoustic transfer process, that is, the vibration 
of the object surface excites the surrounding air to produce 
a sound pressure change, and such sound pressure change 
will eventually radiate to our ears or the microphone and 
become the sound we perceive. During this process, the 
material constitutive model determines the vibration 
frequency of each mode, thereby determining the final 
tone of the sound. The force, constraints of the structure, 
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and the acoustic transfer process can be understood 
numerically as a filter for each modal frequency, which 
determines the amplitude of each sound frequency. In the 
experimental scenario of this article, amplitude change 
caused by acoustic transfer is tinier, so it is not considered 
in the modal sound simulation process. 

Through finite element analysis, we can establish the 
relationship between the constitutive model and the 
vibration. Using the constitutive model   and the 
structure shape, the element stiffness matrix   can be 
assembled, as shown in equation 2.2. 

        (2.2) 
Here   is the element stiffness matrix,   is the 

constitutive model.  is the element volume, and B is 
the strain matrix. These parameters depend on the finite 
element method. With , we can assemble the structure 
stiffness matrix . The mass matrix  is generated in a 
similar way with material density and the structure shape. 

Therefore, solving the structure modal vibration 
becomes a generalized eigenvalues problem, which is 

                (2.3) 
The solution consists of eigenvalue  and 

eigenvector  . Eigenvalue   is used to calculate the 
frequency of each mode, and eigenvector   represents 
the displacement of each node of the finite element under 
free vibration. Combined with the known external force 
and constraint, we can finally calculate the modal 
vibration of the structure as the weighted sum of each 
modal frequency and amplitude product [6]. 

Therefore, we associate the material constitutive 
model with modal sound. For ease of understanding, we 
can regard the modal sound as the dependent variable ; 
structure shape, external force and constraint as 
independent variable  . The constitutive model 
participates in the connection between the independent 
variable x and the dependent variable y as  . 
With groups of paired  , we can optimize the best 
constitutive model to minimize the difference between the 
simulated and real modal sound. The whole calibration 
process is illustrated in Figure 2. 

We use a conventional microphone to record the modal 
sound of sample parts printed with nylon material using 
the Fused Deposition Modeling (FDM) 3D printer 
(Ultimaker3). We initialize the material with orthotropic 
conditions based on Young’s modulus and Poisson ratio. 
During the experiment, we obtain multiple groups of data 
with different shapes and knocking positions. Specifically, 
we apply modal frequency with the highest amplitude 
difference as features to regress and estimate results. The 
experimental results are shown in Figure 3, where red 
lines show the feature frequency computed from the 
uncalibrated constitutive model, and blue lines show the 

feature frequency with the calibrated constitutive model, 
demonstrating a higher frequency than experimental 
results. It shows that calibrated constitutive model fits 
better to the ground-truth experimental results. 

 
Figure 3. Modal sound of two FDM 3d printed parts with 
different thickness, where (a) 6mm, (b) 4mm. Each part is 
knocked 5 times in case of operation error. Red and vertical 
lines demonstrate feature modal frequencies before and after 
constitutive model calibration. 
 
3. Conclusion 

The acoustic calibration of the material constitutive 
model proposed in this paper provides a convenient and 
low-cost method to figure out 3D printing material 
mechanical property for individual users and studios. This 
constitutive model will allow user for better material 
selection, optimized structure design, and improve 
mechanical performance. 
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Design of curved-surface by bistable Kirigami

Ryuya Toyoka1, Tomohiro Tachi1

1University of Tokyo

Abstract
Kirigami has been focused as a 4Dfabrication method for curved surfaces because of its property of deforming to 

curved surface deformation from flat sheet. In particular, the Kirigami patterns containing bistable structures allows the 
shape to be stable without fixing the boundaries. On the other hand, it is essential to control the amount of strain in the 
component that generates the bistability because of weakness about keeping the out-of-plane stiffness and developing 
unintended stable states. We propose a new design method to construct a given surface with a Kirigami pattern containing 
bistable structures. Especially, we make it possible to design the amount of strain in advance by using a structure with a 
bar to sheer-deforming slit.
Keywords: Bistable, Kirigami, Conformal mapping, laser cutting
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Eye tracking video analysis for inheriting expert skills in gel printing

Toshiki OCHIAI1, Yosuke WATANABE2, Jun OGAWA2, Masaru KAWAKAMI2,
MD Nahin Islam SHIBLEE2, Ajit KHOSLA2, Hidemitsu FURUKAWA2

 
1Faculty of Engineering, Yamagata University

2Graduate School of Science and Engineering, Yamagata University

Abstract
Our research team is developing a 3D printer "GelPiPer". This task aims to lower the hurdles for introducing gel printers 

by presenting the skills of gel modeling experts in a manual. Therefore, in this research, we use the eye tracking installed 
in HoloLens 2 to extract where the beginners and experts of GelPiPer operation are watching when operating "GelPiPer". 
Make a flow chart manual of the operation method that you heard. Similarly, show the subjective and objective operation 
videos of the expert. Find common items and differences from the difference in accuracy, viewpoint, operation time, 
questionnaire result of the subject's modeled object. In result , common items and differences were found. Based on the 
analysis results of the experiment, a better manual will be created. 
Keywords:3D, 3D printer, eye tracking, flow chart
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   A haptic cognition model emerged from different polymer materials

Kosuke HIROSE1, Yosuke WATANABE, Jun OGAWA2

MD Nahin Islam SHIBLEE2, Ajit KHOSLA2, Masaru KAWAKAMI2, Hidemitsu FURUKAWA2

1Faculty of Engineering, Yamagata University
 2Graduate School of Science and Engineering, Yamagata University

Abstract
The human oral structure can be regarded as a group of haptic sensors with different physical properties such as teeth, 

gums, and tongue.  When an object enters our oral cavity, we can recognize what kind of texture the object has from 
various data based on the sensing of the teeth and tongue. This study develops an end-effector that mimics the structure 
of the oral cavity using a composite of modeling materials made of polymers with different physical properties. Each 
polymeric object is attached with a piezoelectric sensor, and we apply a clustering algorithm to the signals obtained from 
chewing experiments to verify whether superior object recognition can be achieved.
Keywords: polymer materials, soft robot, sensing, machine learning
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Validation of surface modification methods for gels to enable 3D scanning 

Koumi SUZUKI1, Masaru KAWAKAMI2, Yosuke WATANABE2, Jun OGAWA2, MD Nahin Islam SHIBLEE2, 
Ajit KHOSLA2, Hidemitsu FURUKAWA2

1Faculty of Engineering Yamagata University
 2 Graduate School of Science and Engineering, Yamagata University

Abstract
 The technology to form highly transparent hydrogels into complex shapes using 3D printers has been developed, but the 
means to measure the dimensions of the formed hydrogels have not been established. In general, structures are measured 
by directly applying tools such as calipers or metal measures, or by using a non-contact optical 3D scanner. However, 
these methods are not always suitable for hydrogels, which are soft and transparent, in terms of measurement accuracy. 
Therefore, in this study, the latter method of converting the 3D shape of the gel into data using an optical 3D scanner is 
verified. In this paper, we focus on the modification method of the gel surface and quantitatively evaluate how much 3D 
scanning is possible by adding coloring agents and coating agents.
Keywords:3Dscanner accuracy evaluation, modifier
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Creation of Thermally induced phase transition lattice structure using bimetal

Hayato NAGAYAMA1, Sosuke KANEGAE1, Masayuki OKUGAWA1, Yuichiro KOIZUMI1

1Graduate school of engineering, Osaka University
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Potential of Porous Structures Composed of Mycelium and Biodegradable Plastics

Moriyasu CHINEN1, Takumi TORII1, Yasuo NAGURA2, Hiroya TANAKA1

1Faculty of Environment and Information Studies, Keio University,
2 Graduate school of Media and Governance, Keio University

Abstract
In recent years, mycelium has been attracting attention as a sustainable material in various fields. For example, cushioning 
materials for packaging are made from mycelium by molding. On the other hand, mycelial materials have excellent 
fireproof and heat-insulating properties, and are expected to be used as heat-insulating panels and cushioning materials 
for construction. However, the molding method used in products is not preferred for architectural applications because of 
the scale problem, and an effective molding method has not been found. In this study, we analyzed the previous cases and 
identified the problems of the molding method for architecture using mycelium as the inconvenience of the drying process 
and the limitation of the shape. Based on these issues, we designed a porous structure using biodegradable plastic, which 
is not just a formwork, but a structure that grows with the growth of mycelium, using a 3D printer. This paper presents an 
example of a design for a temporary building for disaster relief, which was devised based on the results of this research, 
and looks forward to future social implementation. 
Keywords: 3D printing, biodegradable plastic, mycelium, material
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Development of polymer photoinitiator to improve safety

Yoshimi TAKEDA1, Daisuke KOBAYASHI1, Toshitsugu KIYOSADA1

1 KJ Chemicals Corporation

Abstract
In this study, we developed a new polymer photoinitiator, that shows improved curability, compatibility and 

transparency of cured product compared to that of the low molecular weight photoinitiators. Furthermore, possibility of 
creating a highly safe model was verified. The novel polymer photoinitiator based on Norish type II, that are developed 
without the addition of a low molecular weight hydrogen donor, however, it demonstrates same wavelength 
correspondency, high curability and transparency as that of the model based on the Norish type I polymer photoinitiator. 
Additionally, this photoinitiator was confirmed to have high molecular weight improving its safety, as well as reducing 
the elution of low molecular weight component.
Keywords:3D, polymer photoinitiator, safety, UV-LED
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An Examination of Learning to Create 3-D Works Using GelPiPer in Japanese School Education 
 

Shoko USUI1, Yoko NOBORIMOTO2, Yuma SAKURAI3, Yosuke WATANABE4, Hidemitsu FURUKAWA4 
 

1 Innovation Center for Organic Electronics (INOEL), Yamagata university,  
2 Graduate School of Teacher Education, Tokyo Gakugei University,  

3 Faculty of Engineering, Yamagata university,  
4 Graduate School of Science and Engineering, Yamagata university 

 

Abstract
We conducted a workshop for high school students to exam whether Tinkercad and 3D gel printer could support the 

learning of creating 3D works in Japanese school education. We found that the second-year high school students who had 
no experience in operating 3D modeling software tended to take less time to learn Tinkercad than Fusion360. The students 
were seen to be creative in making use of the softness of the gel material and the unique features of the 3D gel printer 
modeling method. The students' creative activities and learning attitudes suggest that the 3D gel printer was able to assist 
them in achieving the learning objectives of the art classes. 
Keywords:3D Gel Printer, GelPiPer, Primary Secondary Education, 3D Works, Art Classes 
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Design and Manufacture of Large Metamaterial Structures for Diverse Urban Situations and 
Behaviors

Yukako YAZAKI, Yusaku AIRITA, Riku KATO, Hiroya TANAKA

Hiroya Tanaka Laboratory, Keio University

Abstract
There have been many projects to manufacture furniture and benches by 3D printers, but there are still few 

furniture-scale 3D printed products using metamaterial structures. We are investigating the possibility of creating an 
intermediate form between street furniture and playground equipment by 3D printing several kinds of 35cm blocks with 
different functions and characteristics based on the metamaterial structure, and combining them by stacking or 
arranging them. In the process, we were able to extract needs through actual installation experiments, set up a new 
persona, derive the next metamaterial structure, and find a design methodology for gradual development. In this paper, 
we discuss the value and attractiveness of furniture-scale 3D printed objects with metamaterial structures in urban 
spaces based on this methodology.
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Diamond Lattice Joint System 
 

Nagisa KIJIMA1, Tomohiro TACHI1 
 

1University of Tokyo 
 

Abstract
We propose a block system that is joined only by geometric combinations, like the Japanese traditional wooden joints 

“tsugite” and “shiguchi.” The blocks, which have a rhombic-dodecahedral shape, have four joints that connect at a single 
point, and as a whole constitute a porous structure (a discrete version of the Schwartz D-Surface) that bisects space along 
a diamond lattice. The design of the joint is the same for all members, and there is no male or female. We propose design 
variations of the joints including those that are stacked one by one like building blocks, those that are connected in pairs 
of two, and those that are assembled by sliding four simultaneously. We discuss their properties and generalizations. 

Keywords: joint design, space tessellation, diamond lattice, assembly process 
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Capacitor of 3D Printing Used Ionic Liquid Gel

Tatsuya KOBAYASHI1, Yosuke WATANABE2, Ajit KHOSLA2, Masaru KAWAKAMI2

MD Nahin Islam SHIBLEE2, Jun OGAWA2, Hidemitsu FURUKAWA2

1Faculty of Engineering., Yamagata University., 
2Graduate School of Science and Engineering., Yamagata University

Abstract
In recent years, there has been a growing demand for highly safe soft robots having soft cabinet and working in a 

work environment close to humans, and the electronic components used in soft robots must also be made of soft materials. 
If the soft robot chassis can be manufactured by 3D printing, and at the same time, 3D printing technology can be used 
for the fabrication of the soft electronic components and the wiring process, it is expected to improve the efficiency of 
robot manufacturing and reduce the size of the robot.

In this study, we aim to apply ionic liquid-based gels, which have characteristics such as non-volatility, flame 
retardance, and great conductivity, as electrolyte materials for capacitors. An ionic-liquid-based solution that is cured by 
ultraviolet light irradiation and possesses flexibility and conductivity after curing is selected, and the ionic-liquid gel is 
fabricated. The electrical properties of the fabricated ionic liquid gels will be measured and their performance as 
electrolyte materials for capacitors will be discussed. Finally, we investigated the possibility of molding ionic liquid gels 
using a light-curing 3D gel printer.
Keywords: capacitor, ionic liquid gel, electrolyte, 3D gel printer
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ExpandFabric: A Basic Study on Fabric Shape Change with a Thermal Expandable Material

Hiroki KAIMOTO1, Yasuaki KAKEHI1

1The University of Tokyo

Abstract
In this study, we propose a fabrication technology that rewrites the shape of a fabric using a thermally expandable 

material printed on it. We focus on the expansion phenomenon of the material and attach the expanding material to the 
fabric, which enables the fabric surface to be bent or swelled. The thermal expansion material used in this research can 
create an expansion rate of about twice as large as that of the original material by applying heat, and the expansion rate 
can be set in advance. By designing the combination of the expansion rate, the shape of the attachment to the cloth, and 
the position of the attachment, the cloth after the material is attached can be processed into a 2.5D shape using heat as a 
trigger. In this presentation, we propose the basic principle of the method, implement the device for attaching the material, 
describe the deformation results of the sample, and summarize the future work.
Keywords: Thermal Expansion, Digital Fabrication, Fabric Processing, Shape Changing
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Crystal Deposition Printing: exploration of the post-processing of 3D printed objects using crystal 
deposition 

 

Mayuki OMURA1, Masaki ARAI2, Hiroya TANAKA3 
 

1Faculty of Policy Management Keio University, 2Graduate School of Media and Governance Keio University, 3Faculty 
of Environment and information Studies Keio University 

 

Abstract  
In this research, we propose a wall panel that utilizes the characteristics of salt, such as humidity control, antibacterial 

effect, and light weight, by using an FDM 3D printer to output a structure where salt crystals easily precipitate.  This 
panel is also a proposal for the future utilization of "byproduct salt," for which a method of reuse has not yet been 
established. We have considered the possibility that resin and salt crystals could play a role in the declining demand for 
shoji screens and shoji paper by bringing in light through the area where the salt is deposited.In order to effectively deposit 
salt crystals from the panel, we used a 3D printer to print out structures with different grid densities, and experimented 
with the degree of crystal deposition. using the 3D printer as the matrix for crystal deposition allows for more flexible 
modeling. 
Keywords:3D printer, by-product salt, SDGs 
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Seeking the expression of leaf vein and new type of umbrella with wire printing of large 3D printer 
 

Takuto SAKATA1, Tatsumi ABE2, Yuki NAMERIKAWA3, Yasutomo MATSUOKA4, Hiroya TANAKA5 
 

1Faculty of Environment and Information Studies, Keio University 
 

Abstract  
In this research, we brought up “leaf veins” as a subject of subtle expression by wire printing using a large 3D printer. 

We picked a real leaf and prepared G-CODE data from tracing the real leaf vein to print. The data created by tracing the 
veins of a real leaf which we took is output under the control of G-CODE. Water-soluble filament and temperature-
sensitive filament are used for output, and we will explore a method of unique expression to 3D printing that can change 
its shape and color in response to changes in the environment, just like a real leaf. We explore the form of leaf veins and 
the way of controlling shadows from the structure and explore the possibility of creating a new umbrella that expresses 
sunlight through trees by piling up. 
Keywords: large 3D printer, wire print, G-CODE, leaf vein 
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Reproduction of polyurethane foam characteristics with a 3D printer,
And application to automobile seats

Taichi ITABASHI1, Yoshiyuki TAKAHASHI1, Taisuke OKAZAKI2, Yoshihiro ASANO2

1Bridgestone Corporation, 2Graduate school of Media and Governance, Keio University 

Abstract
This research is about poly-urethane foam structure modeled with a 3D printer. Based on the observation results, the 

structure was designated as a Kelvin tetradecahedron. Block samples with an existing poly-urethane foam and made by a 
3D printer were prepared. The Structure 3D printer was manufactured by Carbon, USA and EPU (Elastomeric Poly 
Urethane) material. Young’s modulus obtained by the measurement method introduced in 4DFF 2020 were visualized by 
mapping on the Ashby-map. The result will contribute to product development and popularization of various cushion 
materials such as automobile seats, and proposal of new test methods that show new value. This time, a racing seat was 
produced using Kelvin tetradecahedron as an application example.
Keywords : 3D, mechanical character, Kelvin tetradecahedron, poly-urethane foam
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ショーケース会場，ライトニングトーク・表彰式
⼊場と聴講について

以下のセッションはZoomではなく，バーチャル会場oViceで実施します．
・ショーケース：研究成果と議論(&協賛団体展⽰説明) 10⽉29⽇(⾦) 15:55-16:50
・ライトニングトーク 10⽉29⽇(⾦) 16:50-17:20
・表彰式&Closing Remark 10⽉29⽇(⾦) 17:20-17:35

図1 ログイン画⾯

ここに自分の名前を記載

オーディオとカメラの設定をしてください

会場への⼊場
10⽉29⽇は15:55になりましたらZoomを退出し，下記⽅法
に従ってバーチャル会場oViceに⼊場してください．コン
ファレンス終了まで，この会場で全てのセッション，イベン
トを実施します．
バーチャル会場oViceのURLは
https://sig4dff2021.ovice.in/lobby/enter
です．最初の画⾯(図1)でオーディオ，カメラデバイスを設
定してください(カメラの設定は必須ではありません)．次に
名前を⼊⼒し[⼊場]をクリックして⼊場してください(図1)．
他の参加者との円滑なやり取りのためお名前は，
名前@所属のように記載してください．
(例：藤井@慶応⼤SFC)．

会場内の移動と参加者とのコミュニケーション
⼊場すると会場が投影され，⾃分のアバターが会場左上に登場しま
す．
マウス左ボタンで⾃分のアバターを掴んで会場内を移動します．他
の参加者と会話可能範囲が重なると(グレーの円が重なると)，重
なった⼈同⼠で会話ができます(図2)．相⼿に近づくほど⼤きな声
で聞こえます．
画⾯下のメニュー(図3)で必ずマイクをONにしましょう．その他メ
ニューにあるカメラは初期設定ではOFFになっています．実⾏委員
から指⽰されるまでカメラはOFFでお願いします．
挙⼿と拍⼿
⾃分のアバターの位置と異なる位置を左クリックし，キーボードか
ら
hand と⼊⼒すると挙⼿，
clap と⼊⼒すると拍⼿(⾳声付)をすることができます．
ショーケースの聴講⽅法，ライトニングトークの参加⽅法等，その
他会場での操作⽅法については，操作説明書をお読みください．操
作説明書は以下にあります．
http://www.sig4dff.org/images/4dff2021_ovice.pdf

図4 ショーケース会場 図5タイトニングトーク・表彰式会場

図2 参加者同⼠の会話

会話可能範囲

図3 画⾯下のメニュー
マイク

退出

その他メニュー

会話可能範囲
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