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Damping 　 Forces　in　 Vibraもions 。f　 a　Ehip．

By 　Katsutada　Sezawa，　 Kog αkuhakt ‘s！占ぜ， 五ferrtber，
　 　 　 　 and 　 IVataru 、Vatanabe ．

　　Since　ilコ the　c乱se　of 乱 ship 　the 　surrounding 　water 　is　see 皿 ingly　so　deformable　that
しhe　dissipation　Qf 　 vibra 七ional　energy 　of　that　ship 　in　the　form　of 　radia もhlg　 w8 モves 　is

hard 玉y　poss三ble
，
　the　reason 　why 　ship 　 vibratioi ユs　 shal 王actu 乱11y　be　damped 　not 　slightly

，

is　 as 　 a 　matter 　 of 　facも dif且cult．

　　There　are 　at 　least　four　Possible　cause ヨ　of　damping　iエ1　ship 　vibratjolls ，
　namely ，〔1）

the 　 water 　 frヱCtiOn ， （2）gener 乱七i・・1 ・f　preSSUre　 waVeS
， （3）generat｛On ・f　SUrfaCe 　WaVeS ，

and （4）the　structural 　damping　force．　Air　d乱mping 　is　obviously 　out 　of　consideration ．

　 The 　soiutien 　of 　the　proble皿 was 　obtained 　mathenla 七ica1】y　for　the　 c 乱 se 　 of 　 flexural

Yibrations 　under 　an 　unbalallced 　force，　its　result 　being　cornpared 　with 　 reliab 工e　 exper 王鬯

皿 ental 　data
，
　so　as　to　determine　what 　kind　of 　force　 is　th疋聖 most 　 p1乱 usible 　one 　for　t．he

damping 　 ef 七he　 ship 　vibratiens ，

　 1n　the　case 　of　 a 　ship 　of　shal ］Qw 　draught　the　geロ er 乱t沁 1コ　of 　s ロ rface 　w 乱ves 　is　the

prim班 y　 c乱 use
，　 wl ・ereas 　in　the　 case 　 of 　 a 　 ship 　 wi むh　 full　 load 跚 d　deep 　draught 　the

effective 　structnral 　damping　r邑sistance 　beconユes 　t．he　eause 　under 　considerat 正on ．

　 The 　de七ails 　of　the　problem　as　welI　as 　its　theoretie乱1 廿 eatD 〕ellt　will　be　described　in
Appendix 　towards 　the 　end 　of 　this　paper ．

　陸上 に ある構造物や 機關の 振動が 自由振動に 於 て も強制振動に於 て も或る減嚢 さ れた 形 とな つ て 現

れ るの は ．多 くの 場合 に振動勢 力が 波動 の 形 と k つ て共 の 周圍 の 部分 へ 流れ る こ とが 多い か らで あ る。

自分 自身 の 中や 又 は 一度外部 へ 波動 して か ら振動勢力が熱の 形 に變る こ とも勿論相當 の 位地 を占め て

居るけれ ど も、上 述の 如く外部 へ 傳播する事柄は見逃 し得ない もの で ある 。

　此 の 外部 へ 傳播する 勢力量は外部 の 物體 の 效果的剛度 と自身の 效果的 剛度が近 い 場合に最 も甚 し い

の で ある 。 しか るに 鋼 の 臺 の 上に 載ぜ られた ゴ ム の 振動や ，又 は同じ鋼に して も平面 の 鋼の 臺 の 上 に

立 つ て ゐ る鋼の 線で は波動勢力の 傳播 は極 く僅か な もの で ある。

　傳播の 少 い 物は振動體 の 效果的剛度が外部 の 夫れ よ りも著しく高V ・場合に も矢張 りあ り得 る の で あ

つ て ．船體 の 振動は其の 著 し V・例で あ る。飛行機は徇更 こ の 仲間に 入 ）i そうな もの で あるけれ ど も事

實は そ う簡單で はなV 、

。 其の 場合に は 前進速度が 高い 爲に流體力學的 の 減衰力が張く働い て 。恰 も周

圍 の 流體 の 剛度が相當高い の と同 じ結果に な るか らで ある。
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　 偖て 船盟の 場合に前記 の 如 く周圍の 剛度に當る もの が 無〉・か と云 へ ば必す し もそ うで な い 事は當然

で ある 。 即ち船體が振動する時 に 水 の 壓力波や表面波 と して 傳播す る部 分が あ る。 共 の 外 ．水 の 粘性

か ら の 抵抗 や 水 の 中 に渦流を起 し て 所謂渦粘性 の 形 の 抵抗が あ り、術 、船體 の 構造 中 の 粘性 、特 に材

料 同志 の 接觸面 や積荷等 の 中 へ 振動勢力 と して 流れ る 所謂廣 い 意味 の 固體粘性が あ る の で あ る 。 塞氣

抵抗 は始めか ら大 して 問題 にな らぬ もの と考へ られる 。

　此 の 前に報告 した機關室の 位置 と船體の 振動との 關係 の 場合には 、不衡力の あ る機關の 組織が般體

の 剛度に 比 し て 比較的 に 軟い 彈性 的性 質が あ る と云 ふ 考 を以て 問題 を解 い た爲 に 、 昔か ら普通云 はれ

て 居 る事柄 と異な る 結果ま で 出た の で あ るが 、 然 し考へ 方に よつ て は 不衡力が直接船慥 に 働 くと見た

方が寧 ろ實際 に近 い樣 に思 はれた の で 、茲に は矢張 り舊來の 考 へ 方 の 樣 に 問題 を取扱ふ こ と に した の

で あ る 。 但 し強 V・減嚢 力を入れ て 考へ る と、舊來の 行き方で も結果と して 前囘 の 論丈 と同 じや うな こ

とが 出 るもの で あ る e 此 の 論丈で は減蓑力が 夫程大 き くな い 場合 しか 出て 來な い の で ある 。

　減衰力 に就 い て は共 の 大 さ を假定す る の で な く、 前か ら判 つ て居 る 力學的性質か ら何 の 減衰力が 効

くかが 自然 に出る もの で ある。 又 、此 の 論文で は簡單の 爲に 不衡力が 働 き且 つ 船の 屈曲振動 の み起 る

場合 の 數理 を作 つ た 。 數値的計算 に は船尾 に 不衡力が働 い こ其の 點 の 變位の み 出 した の で あ る 。 之 は

推進機 に不衡 力が あ る時の 船尾 の 振幅 に當る譯で あ る 。 種 々 異な る物理的減衰力 を入れて 此樣 な計算

を試 み た上 ．其の 何れ の 場合が 今迄 に 判 つ て 居 る實船の 振動驗測結果に能 く當嵌 ま るか を比較 して 見

て
． 共の 一

番近い 場合が最 も可能な振動減衰力で あ る こ とが 知 られ る の で あ り．著 し く喰ぴ違ひ の あ

る場合 は 問題外 とす る こ とが 出來 るの で あ る 。

　最初 に 水 の 粘性 を取 つ て 見 る 。 而か も普通 の粘性だ けで は 聞題 に な らぬか ら、普通 の 粘性 の 1000

倍位 もあ る渦粘性 を取 つ て 計算 した けれ ど も、強制共振に 於け る振幅が 共振で な い 振動中の 最大振幅

と比 較 して 1000 倍 に も大 き くな つ た の で あ る 。 渦粘性 を 100
、
OOO 倍 に して も矢張 り振幅比 は 100

倍位 に もな るの で あ る 。 之は箕際 D 結果 と餘 りに も差異が あ る 。

　次 に 壓 力波 を取 つ て 考 へ る と、船體振動 の 振動數位で は勢力 の 波動逸散が極 め て 少な く、共振 の 振

幅 と然 らざ る場合 の 夫れ との 比 が 矢張 り leOO 倍近 くに な る 。 然 し船 の 振動數が 著 し く増加出來れば

此 の 比 は多少小 さ くな るけれ ども、 普通 の 場合 に はあ り得ぬ こ とで ある
。

　水 の 表面波 を取 つ て 見る と、吃水が比 較的に 少 い 場合に は逸散波の 勢力が著 しく大 き くな り．共振

に 於 ける振幅 と然 らざ る場合 の夫れ と の 比 が普通 の 場合で も 50 倍位で あ り、特別 に淺 い 吃水で は 10

倍位に もな り得 るの で あ る
。

　般體 の 構造中で 固體粘性の 爲の 減衰は考へ 方 に よつ て 差異が あ る 。 物理 責驗室で 出 したや うな粘性

を用 ひ る こ と 、換言 すれば船體に概 目が な く ． 且 つ 内部 の 載荷の 爲 に勢力が 熱 と して 喰 はれる こ とが

無い と假定す る と、共振振幅 と然 らざ る場合の 最大振幅 との 比 は 200 近 くに もなる もの で あ る 。 之 に

反 して 材料に 繼 目が あつ て 共の運動摩擦力が 働 い た り，載荷の 爲に勢力が熱に變 つ て 生す る らしく思

N 工工
一Eleotronlo 　Llbrary 　



The Society of Naval Architects of Japan

NII-Electronic Library Service

The 　Sooiety 　of 　Naval 　Arohiteots 　of 　Japan

船 體振 動 の 減衰 力、妹澤 克惟、渡邊　亘 三壁1

はれ る減衰性 の 數値 を他の 複合振動體の 實驗か ら推定 して 計算に當嵌め ると 、上記 の 比 は 20 位に な

つ て しま ふ の で あ る 。 靜力擧的に大 きな摩擦 力 も動力學的に は小さ くな り、只振動減衰力 として働 く

樣 に なる もの で あ る 。 吃水の 深 い 場合に はと の 條件 を滿足 して 居 る様 に 思 は れ る 。

　以上の 如 く船體の 振動が適當に減嚢され る機鱗は 、或場合自卩ち吃水 の 淺い 場合に は 、表面波の 成生

に 依つ て 爲 され、他の 場合帥ち吃水 の 深い 場合に は廣 い 意味で の 構造的減衰力 に依る事が 判る
。

　此 の 理 由か ら船體 の 振動 を出來るだ け少 くす る に は 、構造的減衰力 に は限 りが ある 。 從つ て 殘る も

の は振動 tCよ る表面波が 出來るだ け成生 す るや うに すれば良  
・
1譯で あ る 。 勿論不衡力 を減 じた り、船

體の 剛度を高 くす る こ と は當然で あ るが ．然 しk が ら剛度を高 くした爲 に 其の 共振邇期に出る振幅は

剛度が 低 い 時の 夫れよ りも寧ろ大 き くな つ て 悪 い 結果を與 へ る傾向が あ る もの で ある 。 表面波が 出來

るだ け強 くな る に は ビ ル ヂ ・ キ ール や 元良式安定板 の 如 き もの を水面近 くに置 くの も
一

つ の 考へ 方 で

あ る。
Inglis 式の 考は附録 に もある 樣に 望みが 少 な v・。

　此 の 研究 は單に數理 的に船體振動の
一

つ の 問題 を取扱つ た だけ で あるが 、我 々 の 日的 は
2F

賀歡授 の

御勸 め もあ り、寧 ろ賃船 の 振動 を測定 して 其 の 性質 を直接知 る に あるの で あ つ て 、只今其の 準備中 で

ある 。 夫れの 豫備研究と して も減衰力 の 場合に は模型實驗は寧 ろ不適當か と思はれ ．特に數理 的に研

究 した の で あ る。 實は我 々 は絶 えす船體の 問題 に興味を持 ちなが ら最近 ユ1 年 間他方 面 の 研究 を爲す

べ き境遇 に あ り．此 の 樣な研究を滿 足に爲す飜裕が 無か つ た の で あ る
。 然 る に今 囘、近藤記念海事財

團 の 御援助 に よつ て 我 々 の 希望に 向つ て 相當滿足が 出來るま で 研究 を進 める機會 を得たの で あ る 。 效

に 同財團及び其の 役員諸氏に 厚く御禮 を申述 べ る次第で ある 。 只 目下 重 工 業が餘 り盛ん な爲 に此 樣な

研究に は故障が 多 く、仕事 の 進捗が は かば か し くな い の は甚だ 申譯 の な い 次第 で ある 。

ApPendix ．　 Theory　of 　and 　C・nclusio 洫 to　the　Problem　of 　the

　　　 pamping　Forces　i皿 Vibrations　of 　 a　Sh蓋P ．

L　J・ntroduction ．

　　One　of 　the　interesting　problems　of 　ship 　vlbrations 　is　that　by　what 　forces　those

vibrations 　shall 　be　damped ．　 In　the　case 　of 　a 　strueture 　or 　a　machine   ll　 1跏 d　 th〔，

damping 　is　chie 且y　due　to　the　radiatioi ユ of　vibrational 　energy 　from　its　boundary ，
呂o

tha七 the　 vibration 　 aInplitude 　would 　 no 七 assume 　 infinitely　large　 value 　 even 　should

the　inner　damping　be　very 　small ．　In　the　case 　of 　a　ship
，
　nevertheless

，
　the　sur ・・

rounding 　 medium
，
　namely 　the　water

，
　is　 enormously 　deformable　 cQmpared 　with 　the

ship
，
s　body

，
　the　outward 　radiation 　of　vibrational 　energ ｝

厂 appcars 　 to　be　 hardly　pos−

sible ．　OII　the　other 　hand
，
　the　resul 七 〇f　observation 　of 　ship

’

s　vibratioDs 　shows 　that

the　vibration 　alnplitudes 　under 　resonance 　condit 量on 　are 　not 　speciaily 　large　in　thθ
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ship's  case  only.  From  the result  of  experiments  .made  by Sch!iek(') on, board
Deutschland or  any  other  one  sinee  then made,  the vibration  amplitudes  under

resonanee  condition  are  almost  twenty  or  thirty times  those of  noll-resonance  condi-

tion i]] the majority  of ca6es. It appears  furthermore that under  a  special  kind of

vibrat･ion  excitement  the value  of  the resonanee  amplitude  is not  like!y to exceed  a

cerLain  limit.{2) The  apparent  difference thus  
'revealed

 between actual  resonance

amplitudes  and  theoretically probable ones  is the reason  of  why  the investigatioR

of  the damping forces is, at  all  events,  of  special  illterest.

    There  are  at  least four possible damping  forces in fihip's vibrations,  naine]y  (1)
the water  friction, (2) generation of  pressure waves,  (3) gelleration of  surface  waves,

and  (4) the struetural  damping force. Damping  due  to the air  resistance  is obviously

out  of  collsideratlon.  A  elose  examination  of  every  case  shows  that  the  generat･ion

of  surface  warves  as  well  as  the  structural  damping force are  the  main  sources  of

damping. In a  ship  of  shallow  draught the damping  due to Lhe generation of  sur-

face waves  is most  pronoulleed, whereas  for the dampipg  Qf  a  ship  with  full load

and  deep  draught  the  structural  resistance  beeomes the principal foree. Neither

the water  friction nor  generation of  pressure waves  shall  be a sensible  source  of

damping.

    To  aseertain  the nature  of  damping  conBisting  of  different kinds of  forces it is

rather  advisable  to use  mathematical  methods  than te conduct  model  experiments.

The result  of  experiments  made  on  all aetual  ship,  on  the other  hand, is available

to confirm  the conelusion  obtained  theoretieally or  to obtain  an  insight into such

vibration  phenomena that cannot  be examined  mathematically.  With  this idea in

mind,  the present paper has been written  as  a preliminary report  of  our  new

investigation regarding  t･he vibratiens  of  a  ship.  For simplieity,  the ease  which  we

are  here discussing is the flexural vibrations  of  a  ship  under  an  unbalanced  force.

            II, Generae golution.of 171exzeral lhbrations ofa Shij) ,

                         tender  Ubzbalanced Force.    '

    The simplest  way  of mathematical  calculation  is to assume  the  ship  as a  free-

free uniform  bar and  it still  gives a general  idea of  the problem. Let the positien
of an  unbalaneed  force be li from the one  end  of a ship,  its full length being-l==

   ") O, Schlick, "On  Some  Experiments made  on  Board the Atlantic Liner `Deutschland'  during

her Trial TriP in June, 1900:', T,LNIA.  43 (1901), 48-66.

   C!) S. Yokota,  
"On

 Vibration  of  Steamers",  Jburn. Cbll. Eng.  floleye brrp. Vitiv. 5. (1910), 1--24. -g,
÷
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                   x=li;  y=O,  y =O,

                   x=  -l2;  yN=o,  y',' -- o,

                   x=O;  yx>o=yx<o, yE>o=yE<o,
                          ti  tt tti t"t  171etcrt
                         Yx)e=Yle<n, Yx>e=Ym<O+  El- 

'

where  .Fletcrt, E, l are  unbalanced  force, Yung's  modulus,

section  respectively.  In the previous paper(3) we  assumed

acts  en  the ship  somewhat  indireetly, namely  through

parts including their bads, resulting  quite uncommon

possible to exist  in the  case  of  a  large ship  with  an

unbalance.  More strictly  speaking,  the  spring  force

ship  was  assumed  te be very  weak  so  that there was  a

between the movement  of  unbalallce  and  that of  the

same  unbalance.  But, seeing  that such  a  condition  is

aetual  rigid  condition  of  the engine  or  propeller fixing, we

the unbalance  immediately  imparts its force on  the  ship's

the final conditien  of  (3).
   Substituting (1) in (3) we  obtain

                 Retat
             y

                       maotOtaX",  detsEtk vaM E

li+l2. Taking the origin  of  x  at  the position of  unbalanced  force,

the deflectioll of  the  vibratory  motion  y== YlgiVe generally satisfies  the

                              d,Y
                                 =engY]  ....................
                              daf

where  m`  is complex,  the solution  thus being

              y= (Acosh7nx+Bcosmx+Csinhmx+Dsinmx}ent. ..

The boundary conditions  are  as follows:
                          tt ttt

    and

    that

 elastic

  facts-a

   elastically

between

  ship

    rather

    hull

          1031

the equation  for

 form such  that

........(1)

..  .. ....  (2)

  ..............(3)

  moment  of  inertia of

  the unbalanced  foree

 deformation of  engine

    condition  which  is

       eenneeted  large

 the unbalance  and  the

eertain  phase difference

 at  the position of  the

   .improbable  in the

shall  now  suppose  that

   as  will  be shown  by

                                                            .....(4)

                4Ein3  di 
,...

where

   di=eoshm(li+l2)cosm(li+l,))-1,......................................(5)

   P---sinhm(li+l2)cosm(li+l2)+coshm(li-l2)sinm(li+l2)

     +coshenlisinmlt-sinh7nlicosmlL+cosh77zl2sinml2-sinh77zl2cosml2, ....(6)

   Q =coshm  (lt +  l2) sin  m(li  +  l!) -  sinh  7n  (li +  l2) cosm  (li -  l2)

     +ooshmlisin7nli-sinhmlicoso?zli+cQsh7nl2sin7nl2-sinhml2cosme2, ,..,(7)

Pcosh7nx+Qcosmx+Rsinhmx+Ssinmx

   (3) K, Sezawa, "The
 Effeet of Differeneb in the Position of

Jbttrn. Soc. 2Vtzv. Arch.  57 (1935), 103-113,

EngTneRoem  onShip  Vibirations",
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1lo4 me as

   Rx.o :coshm(lt+l2)cosm(li+l2)-sinh?n(lt-l2)sinm(ti+l!)

     +cosh7nlicos7nli-sinhmlisinmli-cosh7nl2cosml2+sinhml2sinmt2--1,

   R..o=-coshm(li+l,])cosm(IL+lv)-sinhm(li-lm)sinm(li+l2>

     +coshmlteosmli-sinhmlisinmli-coshml!cosmez+sinhml2sinml2+1,

   S >o=  
-

 eosh  m(li  +  l2) cosm  (li +  l2) -  sinhm(li  +  l2) sin  m  (lt- lt)

     
-eoshmltcos77zli-sinhmlisinmli+cosh7nlicosml2+sinhmlcsinml2+1,

   Sv<e=coshm(li+l,,)cosm(li+l2)-sillhm(li+l2)sinm(lt-l2)

     -eoshmlicos?nli--sinh7nlisin7nli+coshnzl!cosml2+sinhmltsin?nl2-1.

These  expressiolls  are  the same  as  those shown  by equations  (10), (12),
(15) in our  previous paper.(`}

   Under a  somewhat  different eriteriQn  we  obtained  previously

              -  Fe`e'` Pcosh7nx+Qcos?nx+Rsinhmx+Ssinwax
             y - ･･･

(8)

(9)

(13),(14),

                                                               (4t)
                4EIm3  VepZ+(M,E,ep2/4E`I2mti)Vr! 

'
 

'''''

where

    ur=-sinhopi(ti+l2)cosmlicosml2+sin"z(li+l!)eoshmlicoshml2

      +coshmlisinmlt-sinh?nlicosmli+co$hml2sinml2-sinhml2cos7nl2.

I£ we  were  to put M-iE,epr/4E'l 7n"==:O  in the equation  (4') we  obtain  the solution

shown  in (4).
   Since i]i the case  of damped  forced vibrations  m"  is a  complex  quantity, ¢ ,

 P,

Q, R, S become also  complex.  Let '

                         m4  :pa-iv=-(7-iS)`,  .....................,(10!

then  ¢ , P, Q, R, S assume  the  forms

                  
di==g-k"Ltfr-i.;, 

`i;L.Q-=,gl-iQ?･l

 ............,,,,

where  g, n, R, R, .... are  as  follows:

         g==cosh71eoshSlcos71cosSl+sinh71sinh6Isin71sinSl-1, .......'.(12)

         n=sinh  71 cosh  Sl cosvl  sin81  -cosh  71 sirrhSl  sin7I  cos  Sl, . . . . . . . . . . . . (1 3)
         Pi---sinh71coshSlcos71eosSl-cosh71sinhSlsin71sinSl

           +eoshv(li-I2)coshSlsin71cos6(lt-l!)

           -sinh7(li-l2)sinhSlcos71sinS(li-lt)

           +G,,.........................,....,....,..................(14)

         R=  -  cosh  71 coshSl  eos71  sinSl  +  sinh71  sinh51  sin71  cos61

           +sinh7(li-l2)coshSlsin71sinS(lt-l!)

C4) K. Sezawa,lec. cit.{a)
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fitsLeedimv)zax". matwscstk, nvw gl

  +cosh7(li-l!)sinhS'lcos71cosS(li-l2)

  +G!,-''-･･'･････-･･-･  ･------･･-･----r･

Qi=eosh71coshE:sin71cosSl-sinh'YlsinhSleos71sin51
  -sinh71coshS(li-l2)cos7(li-l2)cos81

  -co6h71sinhS(li-l!)sin7(li-l2)sin61

  +G,,.･･-････-'''''''''-'''''''`''''-'''''''''''''''

Q2=sinh71coshSlsin71sinSl+cosh71sinhSleos71cosSl
  -cesh71coshS(li-l

±)eos7(li-l2)sinSl
  +sinh71sinh6(li-l2)sin7(li-l2)cosSl

  +G,,,,,.,,...........,...,,.........................

Illl ((: <> oO)) l =  -  sinh7(li  -  l2) coshSl  sin71  cosS  (li -  l2)

  +cosh7(li-l!)sinh81cos71sinS(li-l2)

  +coshr)rlicoshSltcoB71icosSli+sinh)flisinh61isintylisinSli

  -sinh71icoshStisin71icosSl]+cosh71isinhSlicos71isin61i

  -cosh71.,coshSl2cos712cosSl2-sinh71!sinhSl2sin71ssinSei

  +sinh71s ¢ oshSl2sin71 ±cosSl2-cosh712sinhSl2cos712sinSl2

  ± g, .,-,"  h-nH--".."-v.".","u"".

R"R2,, 
((Xx
 
>...

 g] l : -  coshv  cl, -  l,) cosh  61 sin 71 sins  (l, -  l,,)

  -sinh7(li-l,,)sinh6lcos7lcosS(li-l2)

  +sinh71icoshSlicos71sinSli-cosh71isinh61isin71icosSlt

  -eosh71icoshSlisin71isin61t-sinh71;sinhSlicos71icosSli

  ･-sinh71!eoshSl2cos712sin612+eosh7't.gsinhSl2sin712cosSlt

  +cosh71;,coshSl2sin712sinSl,,+sinh71,,sinhSl2cos712eosSV2

  ± n) ----l-------ttJ---------,E.---.---.-----.---t--

sSll 
((::g))

 l .,  -,i.h71  c.,h6(l,-l,)  si.7(l,-l,)  cosSl

  +cosh71sinh6(li-l2)cos7(li-l!)sinSl

  
--cosh71teosh61icos71ices61t-sinh71isinh81isin71isinSli

  -sinh7gicosh81isin71icos61i+cosh71isinhSgicostylisin61t

  +cosh712coshSl?cos71!eos61e+sinh71LasinhSl,,sin71!sinSl!

  +sinh.712coshSe2sin712cosSl2--cosh71tsinhSl2cos71zasin81!

  Tg,  ...."..--........"  ".v""..H""H..-

.......(15)

..,....(16)

.......(17)

･･.....(18S

.......(19)

.......(20)

I051
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where  e,

ge ts

The

 
isSl

 
(("x
 
><

 g] ) .,. -  cosh71  cosh  6 (l, -  l,) sin7  (l,- l,) sin sl

   -sinh71sinh6(li-l!)eos7(li-lz)cosSl

   -sinh7eteosh61icos71isinSli+cosh71isinhSlisin71icosSli

   --cosh71
£ ¢ oshSlisin71isin61i-sinh7IisinhSticos71tcosSli

   +sinh71!coshSl2cosvl!sin612-eosh712sinhSl2sin712cosSl2

   +coshvl!coshSt!sin712sinSl2+sinh712sinhSlseos71!¢ osSle

   +n,  ･-･-･---･--･･･----･･･-･---･----,

v are  given in (12), (13)l and

 Gi=cosh71ieosh81isin71icesSei-sinh71isinhSlicos71isinEli

   -sinhrylicoshSlicos71icosSlt-cQsh'yli6inhSlisine)tlisinSli

   +eosh71tcoshSl2sin71!cosSlg-sinh712sinh6I2cos71!sinSl2

   -sinh712eosh812cos71!cosEIL,-cosh71tsinhSl2sinorl2sin612,

 G2=:sinh71icoshSlisin71isinSli+cosh71isinhSlicos71icos81t

   -cosh71icosh61icos71isin81t+sinh71tsinh6Itsin71ieosSli

   +sinhyl2eoshSt2sinvl2sinSl2+cosh712sinhSl!cos71tcosSl!

   -cosh71!coshSl,,cos71!sinSl2+sinh71!simh61!sinorl,,cosSle.･

solution  for displaeement thus beeomes

      Y=4E"Fi(p!illli,I2),III,(l,,211i[;,)v,,et(crt'gtan-"ii+tan-i?--t..-tf), .

.......(21)

-t

....(22)

.,.....(23)

where

When

   If

In.mg

   X==(ReosSx-R2sinSx)cosh7x--(RicosSx-RsinSx)sinh7x

     +(QicoshSx--SlisinhSx)cos7x+(Steosh6x+(2,,,sinhSx)sin7x,

   Y=(RisinSx+Acos8x)cosh7x+(PisinSx+R,)eosSx)sinh7x

     +(tSUsinhSx+Q2coshSx)eosorx+(-Q,sinhSx+SlicoshSx)sinorx.

S-O, (24) reduces  to the equation  (4).
we  put x=O  in the special  case  lt==O, l2=t, we  have

every

 force

X--R+Q,

   =4{-sinh71'coshSleos71cosSl-cosh71sinhSlsin71sin81

    +cosh71cosh81sin71eos61-sinh71sinh81cos716inSll,

 Y=B+  Q, '

   =41-cosh71coshSlcosvlsinSl+sinhorlsinh6Isin71cos61

    +slnh7(coshSlsin71sinSl+cosh71sinhSecos71cos511,,

numerical  example  of damped  vibrations  we  shall

is the pgopeller unbalance  at  the ship's  ,end apd...,

..(24)

......(25)

assume,:th.  h{it the vibrat-

 calculatt. iihe  vibration

NII-Electronic  
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amplitudes  at that end,  the equations･(25)  thus being availed  of.

    [Phe resonance  of  the vibration  is eonditioned  by the minimum  of (g2+n2)i!L' in

(28). In the case  wherein  no  damping foTce exists,  ny tends to zero,  so  that y

assumes  an  infinitely large value  under  resonance.  It should  however be borne ill

mind  that, when  the unbalanced  force is present at  any  of  the nodal  points, of  the

free vibrations,  the  vibration  amplitudes'  are  not  necessarily  too large, the reason

being as  follows:

    In the special  case,  S=O, namely,,the  case of  no  damping force,

                  (x2+Y2)'n=:(11+Qi)e.o=-2(Lxt+Iltxt), ･･i･････+･･･(26)

where

   xL,.M,
"

siin+hC&gih,cMoisi80iS,-Mciio'shClril',sln+me2,?

hMxi,2=CZi'nMhi;i,cosmi,-coshmi2sinmt.l(27)

I!=O, 4=O  are  the frequency equations  of  clamped  free bars of  lengths lt, l2 res-

pectively, ,whereas  xi=O,  x.)=O those of  hinged-free bars of  Iengths li, l2 respeetively.

Thus, if the  position of  the unbalanced  ferce be at  any  of  the nodal  points of  the

ship,  we  have

                        (X2+ Y ±) ipe=  (Pt +  Qt)s.v-O, ....-･-･-･-･--･･･--･(28)

the numerator  as  well  the  denominator  thus tending  to zero,  whi.eh  after  some

mathematical  examination  shows  that the  vibration  amplitudes  in the  special  ease

in question are  not  infinitely large. It will  therefore be seen  that the postulation

of  a  slightly  different condition  of  the engine  part results  an  evidence  that is
                        

t.:
oppesite  to our  previous conclusion.  In the actual  ship,  however, the oondition  of

the engine  part is possible to be somewhat  elastic,  6o  that the nature  of  the vibra-

tion, paTticularly with  respect  to the  position of  eiigine  room,  would  be somewhat

intermediate between the present and  the previous answers  even  should  the effect  of

the  damping which  we  are  discussing be neglected.  If further the  dalnping action

were  taken into consideTation,  the  nature  of  the  problem would  be mueh  more

eha]iged,  the result  being that the phenomena  similar  to those of  our  previous

paper tend  to manifest  themselves. This will  be seen  from  (4), (12)-(17) in the

ease  x=::O. With a  viewto  collfirming  the problem  let us  specially  assume  that the

datnping i's fairly large, then the resonance  frequeney of  the foroed vibration

approximately  satisfies  the equation

                      sinh71cos71--cosh71sin71  =O,  ..................(29)

which  eerresponds  to the frequency equation  of  a  hinged-free bar of  length l. The

principal form  of  numerator  of  the  expression  (4),. on  the  other  hand, does not

NII-Electronic  
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much  change  even  in the condition  ef  high damping, so  that the usual  conception

concerning  the node  and  the roop for a  free-free bar is quite reversed.  The reso-

]]ance  vibration  rather  results  relatively  large amplitudes  under  the  force near  the

node  of a free-free bar, and  relatively  small  arnp]itudes  under  the foree near  the

loop of  the  same  bar.

    To ascertain  the damping  nature  of ship's  vibrations  it is obviously  preferable
to use  numerieal  constants  mostly  agreeing  with  those for an  actual  ship.  The

prediction of  the nature  froin a  model  experiment  is not  satisfactory  unless  its result

can  be extended  to the  ca6e  of  a  full-seale ship  by means  of  any  reasonable  theory.

With  the idea under  eonsideration  in mind,  the numeriea1  value  used  are  as

follows:

    Ship's length==l=:202m  (length of  Deutschland),

    Ship's breadth=B=2lm,

    Ship's draught=Il=8'65m  (using the block coeMcient  O･6 this virtually  corres-

        ponds to a  ship  of 25,OOO tons displacement).'

    The stiffness  of  the ship  is sueh  that the  natural  frequeney  per min.  is 60ao!2T

=60･612T==57'31min.,  with  the exceptien  for the ealculation  of  the case  of  the

generation of  presSure waveF,  wherein  60atV27;-=60.7'194!27T'==68'81min.

                    Iil, Damping  clue to Vvaiter thic･tion.

    Let the  side  walls  of  a  ship  be resisted  by the  viscous  force of  the  surrounding

water;  then  the vibratory  motion  of  the ship  is approximately  represellted  by

                        Ml.iill!g,+Elg"iilg-2il'k(ttl'ii),.,==o, ･･･････-  ････ -.(2g)

where  JI is the mass  of  the ship  per its unit  lengt,h, "i the viscosity  of  the  water,

z the  coordinate  directed transversely  from  the ship's  side, and  u  the oscillatory

velecity  of  the water  particle.

    The  determination of aulez may  be made  as  follows:

Since
                                       o

                                
th`-7'Y/i,･･････････････.-.･...･･....(3o)

where  p is the water  density, the proper solution  for u  is

                             te =Ae'"  Ct+t)Pt+tae cs)
                                   '

where  B-=((rp121L,)i/2. If y=yie`aC, then
#

t5} H, Lamb,  lilirdrodynamics, g345.
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rarelkst`DtaXh, niS}Ene. axM E

                                  '  icrt
                               tL

 
!=

 zgyie

atz=-O,  so that A=iayi. Thus  we  get

                     
-"i(Ztz),.o=(1+Oifyil/a::P-eigt.

 ..,.

Substituting (31) in (29) it follows

                     nfgt., +EIgli/,+(i-1)o1/e:tpy=o.  ...

Writing  again  y:=yLe`ct, we  ebtain

                EI  
di.Y?

 =  I(1ifTa!+ 2.El7a l/aP2Pi) 
-
 i2Ha l/ 

ff:'P

Comparing this with  (1), (10) we  get

               m"  =  ilitiil((fiftr2 + 2Ha  )/ 
aSiP)

 -nffa  / a:iP]  ,

                p 
=

 IiMiiJ (eL' + 
2S;a

 l/ 
a:

 
p)
 ,

                 v:.tnyi2]HfaV
'a:Jp.

    If we  assume  that  the  natural  frequency of  thes

namely  a=6s-i,  then we  have (M/El)iX`=O'O0957m-i si!].

wall-sided  vessel  of a  uniform  distribution either  in weight  or

ship,  M  may  b3 writtei]  as  M=pBifl  Eo  that

                 p=]i\Jl(a2+Sl/2il,l!i)･  v-:ilsV2a,pa]･

where  H  is 8"65m  in the present example.  Whi.le p is taken

in the case  of  pure water,  the assumption  as  to

In the case  of  laminar  shearing  motion

                         p, =  1'7.10':' kg  mass/m/s

for the water.  But, since  the existence  of  such  a

po$sibie and  furthermore the  damping  force due  to sueh  a

small,  the idea of  eddy  viseosity  is rather  availed  of,  
'

                           "i=  1'7 kg mass!mls

.............(31)

- . -.-----

iYi. .... ...

.---.-t..

.(32)

(33)

..(34)

ve

   hip wjthout  damping=57'3!min.,

         Again, in the case  of  a

             in section  along  the

            ...,.,......(34')

            to be 1ooOkgmasslm3

the value  of  t`i is Bomewhat  arbitrary.

                                            laminar condition  is hardly

                                                  viscosity  is extremely

                                           aSsUmlng

 the value  of  eddy  viscosity,  that  is  the  value  a  1000 times  the  usual  "i. Sueh
enormousl.v  large value  of  tL, is rather  itnprobable even  in the case  of rapid  fio.w

a  pipe. From  Stanton's experiment  it appears  that  the  value  of  eddy  vis.cosity  is

 higher than  a  100 times that  ef  the  actual  viscosity.

 Substituting (34') in (23) for the special  case,  lt=O, l,,=l, x=O,  yve obtain  the

NII-Electronic  
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vibration  amplitudes  for

dimensions of  y, FIE]l

inereases in aecordance

     i

as ･tt

,i.5

1･0

0･5

  yloSE

 in mS

l

 different

are  ln,  ln

with  the

   l 6'6･g

 vaiues  of  (Ma!/EJ)'i"l, as  shown  ill Fi.ff. 1, the
H!

 respeetively,  In  the actual  case  F  generally

inerease of  ff2, namely  in the form  F=:.fo2, where

           

JO

20

ie

                             "

     0 f 2 j 4 S 0 ! 2 j 4 S

    Fig. 1. Resonanee Curve in the Case oi  Fig. 2. Resonance Curve in the Case of

      Viscosity Damping;F==Constant. ViscosiSy Damping;f=Constant,

,f
 is not  necessarily  constant.  For example,  a rotating  unbalanee  is expressed  by

F= fniri  where  mi,  o" are  the unbalanced  mass  and  the distance of  that mass  from

the  rotary  centre  respeetively.  From  this consideration  the result  in Fig.1 is

reproduced  in Fig, 2. ･
                          '

    It will  be seen  from these figures that the vibration  amplitudes  under  a  resonance

condition,  namely  (MTa21EI)ii"t[4'73, are  too large, whieh  is obvious].y  contradictory

with  the experimental  result(e) of  the forced vibrations  of  a  ship  at  different fre--

queneies. In the preseRt case  we  assumed  such  large value  ef  pi as  a  1000 times

its aetual  value.  If we  were  to assume  the actual  pi value,  the ordinate  correspending

to the resonanee  condition  would  be about  32× 2407. It is therefore improbable that'

the water  viscosity  under  any  criterion  would  take  the Iarge part of  the  damping

action  in ship's  vibrations.  -

("O For example,  see  Seh]ick's paper, loc. cit.Ci)
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              IV, Da7nping  dite to Generation of R"ess',re PIhves.

    Let us  assuine  that the form  ef the ship's  seet･ioll particularly for the present
ease  is of  a  cireular  cy!illaer  of'diemeter  B, the  immersed  part of  Lhe  ship  being

therefore of  a  Eemi-circular  form. The equation  of the vibratory  motion  is ex-

pressed by
                                      T

                     MI;t..+EJfl.i(,+e[:'(Il9/),,.!{i-cle=o, ,....,........(3s)

                                     i L,

where  O is the potential of  the  .crenerated  pressure waves.  Since

                        tal9, '+li' tbl91 "i.e tfot-' le!ip=o, '' ''  ''' ' ･･  - -･ - ･ -･ ･ ･ ･ (36)

in which  h=::alc, c being the velocity  of sound  xvaves  in the water.  In the present
ealculation  c is taken as c=1430  m/s.  The appropriate  6olution  of (36) is

                            ¢ =AH'S!'(hr)cosee`a`.  .......,..............(37)

It is possible to write  y :y,eiae.  Since

                                eteose=.aL¢  
.................,.,,...,.(3s)

                                nt                                        eT

at  o'==B12,  we  have

                                    dm!)(h-2B)

                             
iaYi==A

 d(Lg) 
,･･･.･-･･-･--･･･..･･-･.(39)

so  that

                             A-iay, 
d

li
i

l/t>'B).......................(4o)

Substituting this in (37),
                              -iayHll!)(ltr)eose

                             
¢ -

 dH12)(%B) 
'

 
''''-･-･･･････

 
･..(41)

                                    d(e)
From  (35), (41) we  obtain

                     uglkfy,+EJgl"gfg+iP,

a

.

B

{.,]/tN'B)sl-e,......,.,,.,....(42)

                                        X21

                                      ci(<})
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This is the  equation  of  t･he damped  vibration  of the present case.

write  y =yteidi,  we  get

          Ei  !:tlf,r 
--
 ((Ma!- 

PacBtzJi,J+i'i,i,- 
Yi'))

 
-
 i 
PaCBSi\,

 t
'

i, ,l,(l liu')
The  argument  of  di, Yi being aB12c,  where  c==1430mls.  (fomparing

(10) we  have

          
M

i
'

LDSe,(!lll
O

i,ist
a

,i;1,ll

･Siis,,ff
')-ipae"i\･ffiLM･)},

)
              ]iftr'pcB (}1 ut' -  J  YI')

           
V=

 EII7Eti}. (w+kn)  
'

    If we  assume  that the natural  frequency without  damping be

frequency  used  merely  in the present example),  namely

(Mll!U)i'`=O'OOS74m-i sifZ'. Were  the immersed  part of  the ship  be

section,  it would  be possible to write M=TpB!!8==226.103 kg rnass/m.

1-5

1･0

05

y

t

loet5t-in

 m'

     01234

Fig. 3. Resonance  Curve  in the

  Wave  Generation; F=Constant

ference of  this value  from

the effect  of  such  difference

JO

20

If we  again

)yb--..(43)
this with  (1),

....(44)

        68'81min. (this
ao==7194s-i,  we  obtain

     of  a  semi-eircular

        Since the dif-

             10

ld-lrt)lt lti-!lil)tl
   H -

                 0-1  2J4S

Case of  Pressnre Fig, 4. Resonance Curve in the Case of  Pressure

 , Wave  Generation;f=Constant.

the one  M=  pBIT=.208.10e  kg mass!m  is merely  8 percent,

 on  the damping is not  marked.  Now

yinnfT/"2

1i/6

tloSE,
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fi{;eelkitDtaXlh. tettwzabli:･.vava g

                      A-j-.i//

'](i-

£
c".Jij4,1,+.}i

r

tl;.,-i'),
                         ]fo L' 8c Lell' -  tJI  Yi'
                       v=:--  - -------.

                          .E;ITBcr  Jltt+M,Li

    Sub.b'titutin.ff (44') in (23) for the special  case, li=

the vibratioll  ainplitudes  for diffe,rent values  Qf

in Fig. 3. .fi'  is as/al,n assumed  t･o be a  eonstant  for

force, instead of  bein.cr contitant･, were  assumed  to be

,fo2, the resonance  curve  would  then  be modificd  to the

    In the present case  too the, amplitude  under

in the ease  of  the viseous damping. If, on  the

frequene.v ae  were  inerea･scd, t･he amplitude  nnder

owing  to the fact t･hat the faetor involvin.cr Bessel's

of  v  is much  increased, But, for a  mueh  larger

tends a.crain to be larger, for the  reason  that at such

                                        '
in the change  of  the value  of  v.

              Y, Da"eping diee to Genera-tion

    In this case  we  assume  that the ship'ti  section  
'

which  the  breadth and  the draught are  B, Il

the effective  breadth of  the ship'ti  bot･tom to cause

which  k'=ilg. Then, taking the pressure reaetion  as

the aPproximate  vibrat･ion  equation  of  the ship  beeomes
                                       i

                jf flY/, + "E]f2if/(,  + pgBy+  Bplli (II911) 
,.
 m,d (

¢ i being the potential of  t･he .aenerated  waves.  We

This eorresponds  to the eondition  that the ship

the generated  "Taves.  The expressions  of  ¢ i ]na.y  be

as  follows:

                         ¢ 1,.AeJcr,e-･kw`iice  (1i>O) .

                         gbl=Aeto,e-Aw+tke (k<o) ,

the axes  of  z, w  being directed horizontally and

tlie water  surface  with  the  ship's  middle  pJane. ¢ i

         Q,
 (jf.rl,EJ')t,Ul
         al]IT

      proportional

         t.vpu,

   re$onance

      other

      resonance

     functions

     value

        high

   of Steo:ftzce

       IS

respectively.

    surface

        shall

        g
        R

        shall

    effectively

      put

         .

   vertically

     obvious]y

                   IJE･L

 .... 
.,........,(44')

 Zs==l, x=:O,  wc  calculated

 ,tlie  result  being plotted
   ff. If the  unbalaneed

       to cTL' i]amelv  F=                  u

   sliown  in Fig. 4.

  condition  is F/o larsre as

 hand, the tship's  natural

     would  be decreased

    "'ithin  the expression

ef  av  the same  a]nplitude

   ffo, 8clTBa  part･ieipates

   ll'aves.

of  a reetangular  form, of
             .

  For siJnplieit･y,  let R  be

 waves  of  length 2rrlk, of

   generate surface  waves,

)==O,..,........,(45)
    assume  Rl(2Tfk)= 112,

   rest6 on  half length of

under  some  approximation

................(46a)

...............,(46b)

  from  the intersection of

    Eatisfies  -
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Il14 
vsu

 . va

                               
"S$S+/

"-S;-O･

 ･･････････-･.........,.(47)

and  the uniformity  of  pressure on  t,he wave  surface,  namely

                              
e;9,i+gtalt;,=:o..,......................(4s)

gives the condition  k=-ff21g.

    Since, on  the other  hand, it is possible to write

                                
ay-

 
e¢ , ,........,................(4g)

                                et ow

at  z=  O, w:=iO,  where  y= y]dife, we  obtain
                                     .

                                 A.,iakYi, ..."..............  .,(50)

By meai]fi  of  t･he condition  already  given, nainely  Rl(27;'lk)= 112, and  (50),
                      i

                  Bpli'I(tblO).=st(zZi)=illBILEX'il,2(1-e"7')y,e`or`
                      2

                                  =  
2pBg

 akt, ,... ..................  ,,(sl)
                                     rra  et

The equation  C45) is thus reduced  to

          . Mfl}Y,+EittiY+pgBy+2P.B.9fYt=e. ................(s2)

    The  condition  <46) between lt2>z/R>-112  should  rather  be the addition  of

<46 a)  and  (46 b) together, namely

                            ¢ i==2Ae`if`-ktocoslez,  .........,....,.......(46')

but, owing  to the determinateness of  the iiitegrated value  in (51) we  have used  the

respeetive  original  expressiolls  in (46).
    NQw, writing  again  y=yietof, we  obtain

                     EIdti.Y,i==((]fa2-pgB)-a2-'OtllLllyt. ................(s3)

Cemparing this with  (1), (10) we  have

In thecalculation

      wL" =  
]Ebl!

 ((1 
-
 ;9f?e) 

-
 i 

T2tff
 #.2 l '

       p-].fo,
e

(i-SfB.L),
          Ma' 2pgB
       

"=
 EI  

.-ut2'

for t･}ie case  under  consideration  we

......,........,(54)

shall  useao  =6
 -1s
 , sothat
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A-LtedieloptaXh.ntes£ ttE,asms =.

(MIEI)'/`==O'O0957m"is-'ra, whereas  M==pBll=

The  simplified  expression  gf (54) is

                       m"=%f;!I(1-lzga2)-i7r}Ja!1J

                        p=  gaJ
!

 (1 -  ia2) ,

                        v=jfo!
 2g-.

                           EJ  TLfaE

Under･the first reEoi]ance  condition  we  have 2gy;(Tlila:)

that condition.

    The  result  of  calculation  for the eatie, li=T-O, l2=l,

being assunied  to be a  constant.  Writ･illg F=fb-!, the

assu]nption  that f is a  constant  is shown  in Figr 6.

1-5

1･0

05

  y7i,?7n

 in ml

f

JO

t

208,103kgmasslm,  Hbei]]g

   1:5'

8'65 m.

.......  ........(54')

=1150,  so  that v!p  ;1/50  at

x=O,  is plotted in Fig. 5, 1'

  modified  result  under  the

20

           10

    tte-st"'

 -

 amplitudes

at  frequencies

 y 
i'n

10?tmV'(r'

L

    07  2. j4S  012j45

    Fig. 5. Resonanee  Curve in t･he Fig, 6. Resonance Curve in the

     Surface Wave  Generatioll; F=Const･ant, Surfaee Wave  Generation;f=･Constant

    In t･his ease  the  vibration  under  resonanee  co])dition  is

sively  large, though  they  are  still somewhat  large. Assuming  that  f is

constant,  the amplitude  under  resonance  eondition  is about  sixty

.crTeatest  one  of  the  amplitudes  below that resonance.  Thus,

a great  probability of  a  fairly due to the generation  of'

waves.

      theik

 -:-L.L

Case of

     ,

 not  exees-

 invariably

 times  the

   there  is

the surfa ¢ e
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     Although the formation of capillary  waves  is also l)ossible, the wave6  do not

 much  participate in the dampin.cr at  such  frequencies  as  uet  exceeding  100 or  20e

 per mlnute.

     It should  be borne in mind  that, the smal}er  t･he value  of  ll or  higher th(}

 ship's  natural  frequeneies, the more  the vibration  amplitude  under  resonanee  con-

 dition is diininished in virtue  of  thc expressioiis  p, v  in (54'). The  rous.h  ratio  of

 the amplitude,  A,, under  resonance  to the greatest amplitude,  A., outside  ancl below

 the first reso]iance  is shown  below.

/

llH'  in m

Ar/Afi

l
    8･os1IN
     59

4

L)7

1

6･S

6･,

3-4

O･U7

 1

Again, from the expression  of  v=(jfa`L'/EJ)(2g/7T.lra2)  Rnd  t･he fact that a;ocl,  the

doerease of  the mornent  of  inertia of  the  seetion  deereases A./A,. Thns, the deerease

of  the depth of  the ship  is doubly effective  in the decrease ef  A.IA,,

                   VI, Da7npainy dne to St7'zect2cral Foo'ee. .

   The vibration  equation  of  a  bar subjected  to inner resist･ance  was  obtained  b.v

us  Rbout  ten }'ears ago,(7)  its forin bein.u

                        Jige
'Y+Eflliiil.,Y,+glzll 't'Y.',=O･･J･･････'･･････････(55)

where  g is the coeMcient  of solid  viscosity.  The value6  o £ g for ferrous materials

ete. obtained  by  Honda and  others(S)  are  of  the order  10Stvl09 in e. G. S, unit$,

"'hereas
 the sai"e  values  for F.ome  of  non-ferrous  tnaterials  determinea by usf9' are

less' t･han 107 C. G. S. units.  Tha, above  equation  may  be written

                        flItal/+EI(1+T-gT/)tb
"

lllY==o .......,,.....,...(ss,)

where  T-giE.  In the aetual  structual  condition  the effective values  of  g are  greater

than  t,he value6  above  described, owing  to the fact that the energy  dissipatio" !n

material  joints as  well  as the eontact  fiurfaces  between the ship's  structure  and  the

load inasti. Contact resistanee  under  dynamic forces is very  6mall  and  is of  such  a

kind as  dissipates much  dynamical energy.  The values  of T  for pure ]naterials

   C7) K. Sezawa, Bull. Eartttg, Rts. Jhst., 3 C1927). 50.

   CS) K. Honda  and  K, Konno, Plbil. Mlxg,, 42 c1921), 115-123"

   [9) K,  Sezawa  tmd  K.  Kubo,  
"Measurement

 oi  Solid Viscosities of  Metals through

Vibrations  of a Bar", Rep. Aeron, Res. inst., No, 89 (1932),

the FIexural
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obtained  by spceial  experimental  conditions  is of the order  10-S s, whereas  the

vaiues  of  T  for eomposite  materials  estimated  from the result  due to eertain  en,a.ri-

neering  tests(te) is of  the order  10'Es, notwithstanding  that the coinposite  collditio]i

under  consideration  js rc]atively･ simple,  From  this fact we  shall  now  take T  as

10"2s. For  exarnple,  in the  ease  of  steel  E=2.10`! C. GI. S,, so  that TE--2.10ie  C.

G. S,

    IVriting y::=yte`Ut, (55') rGduees  to

                           
(k".V,j=T.g.I70-ili.-./L:-g)),,.

 ....................,.(s6)

Coniparh]g this with  (1), (10) "Te hax'e

Using thevalues

1
 i

 dU .ia`E-l}-i

 t'n  m3

ao=6s

'

  4 ]fog(l-iTa)
77Z

 
=

 Ef(1 +  r!o2)  
'

             '
       ,fifo2

 
pa=:-I(1+r2a5'

       "a2
 V=  ---  Tcr.

    El( 1 +  T!a2)

-i,
 (MIEf)i14-

3
-O･O0957

.,......,,.,..,.,.....(57)

m-isiX2,  we  hax-e obiained  the

1･O

e-s

                 

               01`j45676Y  lO 11 12

          Fig. 7. Hesonance Curve in tlte Case of St,ructural D}'tmping; F=Censtant.

resonallce  euryes  for both cases  F=constant and  f=constant, the result  being plotted
in Fi.crs. 7, 8.

    I]i the present case  the damping under  the resonanee  condition  is faii'ly large.

The ratio  of  the vibratien  amplitude  under  resonanee,  A,, to the greatest one  at

the freqneneies outside  and  below t･he resonanee,  A,, is about  18. The  same  ratio

oo) A, B.Eason,171e  Pret:e7itien of Fibrat-ionand  IVZ)ise (London, 1923).
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Fig. 8, Resonance Curve in

following approximate

  56789  le fl  f2

the Case of  Structural Damping;f=Constant,

values  in accordance  with the  difference in the

T 10-2 10-t 10-3

Artrigt1 18 1･8 180

The largeneEs ef  the {ffc,etive  value  of T  is greatly probable to be pre6ellt･,in the

caEe  of  full lead in the ship,  namely  in the ease  of  deep drav.crht.

                  VII, General St{7nma7-y and  aoncl2esion･

    From the reEult  of the invcstigatioll shown  in every  preeedipg section  it will

be seen  that thc principal cauEes  of  dampii)g in ship's  vibrations  are  the energy

losses due to the structural  forces as well  as the energy  dissipation in the ferm of

tiurface  waves.  The  viE,eo"s  frietion in the water,  even  shQuld  the value  for eddy

viscosity  be used  in the constant  of  resistance,  would  not  much  participate in the

ship's  damping, The generation of pressure waves  also  dees not  dissipate the

vibratienal  energy  in usual  frequencies of  forced vibratiens.

    In the case  of  a  Ehip  of  Ehallow  draught the generation of  surface  waves  is the

primary  cause,  ii'hereas  in the caEe  of  a  ship  with  full road and  deep draught,, the

effeetive  structural  damping  resistance  beeomes the primary cause  under  consideratioll.

    A  suggestion  for inereasing the damping  under  reEonanee  cendition  is to fit
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such  flat surfaces  like bilge keels or  Motora's stabilizer(i`)  to the sh;ip ali possibly as

near  the water  surface.  This increases the generation of  surface  waves  due  to Ehip's

vibrations  provided the area  of  the  6urface  of  the p]ate is suitably  large. It appe･ars

rather  improbable to expect  higher damping resistance  from  the structural  eondit･ion.

Inglis's suggestion(it)  of  putting an  oseillator  on  board a  ship  seeins  rather  hopeless,

owing  to the reason  that the temporary  adju$tment  of  damper and  frequeney of  the

masstve  oscillator  is practical]y impoFsible, aBd  that one  of  th 
･
 frequency of the  eoupled

vibrations  is so near  that of  the us{,fui  natural  oscillation  of  the oscillator  alone  that the

vibrating  system  is liable to encounter  resonallee-like  condition,

    It is obvious  that the nature  .of the problem  shown  for the case  of  the flexural

vibration  of  the ship  is naturally  present even  in the  case  of  its torsioi'talvibration.

    Although  in the present paper we  have separately  studied  the dampillg pheno-

mena  due to different causes,  the  actual  state  is rather  under  the simultaneous

damping  action  of  various  forces. The  equation  of  the vibratory  motion  ullder  the

action  of  different forces is expressed  by

           Mt31iilY,+Ei7",J"+pgBy-2HpL(g/il`),.,
                    r t

               +cp.L
-

l(t/IIgiE').=,{}de+Bpl/ll,(il;4i'lii)..ge(-ft)+glailalY.4=O' ''''(5S)

The nature  of  the  problem under  such  a  conditioll,  howtver, would  not  be much

different even  should  the natures'  of  the ref,pective  kinds of  damping forces be st･udied

before the simultaneous  eomparison  of  the respective  cases.

    The present paper is merely  a preli]ninary note  of  the investigation which  we

have recently  attempted  under  Professor Hiraga's kind  encouragement,  We  are

now  going to make  s/ome  idealized model  expcrime]its  as  well  as  the  vibration

observation  on  board an  actual  ship.  Since, howcver, we  have  devoted ourEelves

to the  research  of  f/ome  science  problems during last eleven  years, we  have been

almost  impo:,sible to study  the ship's  problem  to any  satiEfying  extent  notwithstand-

ing our  eontinual  interest in the same  problern. Recently, nevertheless,  it has kindly

been decided by  the Council of  Kond6  Memorial  Marine  Foundation  t-hat the  Eame

Foundation will  aEsist  us  in our  investigation on  the problem  of  ship's  vibrations,

and  we  wish  to express  our  thanks  to the Council ef  that Foundation, with  whoFe

aid  the present investigation iti being greatly deve]oped.

   (U) S. Motora,  Jburt-. Scc. Altv, Areh･, 32 "923), 75-84;  36 (19?5), 1(i9-117.
   C") C, E  Inglis, 

"A
 Suggest･ed MeU]od  for Mi!iimizing Vibrations in Ships", T, L tVZ ft.,  T5 (1933),

252-?67.
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1！i泣 講 演

討
輅

fi田

O 座長 （卒賀譲君 ）　 唯今の 御講演に封 して 御質問夊 は御意見が御座 い ますな らば御蓮 べ を願ひ ま

す。 御座 い ませ ん ければ 私が
一一寸お 伺ぴ し度い と思 ぴ まず 。

resonanCe が ひ ど くな つ た時は strUcture

は ど うなる で すか 。

○妹澤克惟君　structure は之れで謝算 出來ますが 、夫 れ は 波 の 上 で受け る stress と至 く同樣で

す 。 之れは stless が 振幅に 比 佛jするか らで あ ります 。
　 resouancG 　 eulve の F 三g ・2 を見ます と reso −

nanee で な い 所は 、 例 へ ば或る 興へ られた點で alescissa 　2 の 所 の an ／pli七ude 帥ち stl
’
ess が 2 と

致 し ます と 、
reso 膿 nce の所の ampl 三tude 皀卩ち stress は 24G7 とな ります 。

○ 卒賀譲暑 　其 の 2407 と言ふ resonance に な る前 1’c 何か X“抵抗 して さ う さ せ ぬ 、 夫れ が 共の sbruc −

tUl’e の 抵抗で すか 。

O 妹澤i寛惟i雪　御設 の 通 t；）で あ りま して 銘 々 の frequeney で 本文 に あ る や うな抵抗が 働い て 始絡

damp し て ゐ る と、1
’
esonance の とき の ampl ：tude が 低 くな ります 。 普通 な らば 鏡V ・ ℃ so りance 　curve

は是等の damping を逋當に adjust して 置 くと 、
resonanee に な りかけ よ うとする時に其の 場合 の

resonance 　 cu1
・
ve が 雫 ら1く な り決 し て s七ress が大 き くな りま せ ぬ 。 元良式の 樣 に active 　 ty．　pe で す

と resonanee に な る前 に もう dalnl） しか けるか らよ い が 。船 の anti −rolling 　tank 等で は 調整が う

ま く行か ぬ と 1
・
eson ．11コce 　 eurve が鏡 く昇 ります 。

　 vibiatio 且 で は寧 ろ 簡單で 、色 々 な frequency の

amp11tude が常に鏡 くな らぬ樣 に adjust が出來 る の で 幾 らか ましと思 ぴ ます 。

O 座長（卆賀譲書）　 どなたか外 に御座 い ませ んか 。 御座 い ませ ん ければ 、
一

言 御挨拶申上 げます。

妹澤博士 は此 D 前 の 御誚瀕で も振動に 關す る大變新しV ・極 め て 有釜な御意見を述 べ られ ま し た 。 今 日

は夊 進ん で 振動の 非常に 難 し い 問題に 入 られて 竝 に 始めて 其の所見 を述べ られ ま した 。 餘 り薪 し く解

析 され て ゐ る の で猫我 々 の 了解困難な黜 もあ りますが ．非常に有釜 な御發表で ある と信 じます 。 博士

の 云 はれ た樣 に近藤財團 の 補助 で 續い て 抑研 究 され るとの こ とで あ りますか ら、ど うか 釜 h 御研 究 に

lt　v 、續 い て 本協會に 御發表下 さ い ます樣に 御願ひ致 し ます。 諸君 と共に拍手 を以 て 感謝の 意を表 し

度V・ と思ひ ます。 （
一

同拍手）

N 工工
一Eleotronio 　Library 　


