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On Protection against the Shaft Breakdown of Pleuger Type Active Rudder—I.
On General Consideration of the Shaft Breakdown and on

the Basic Experiment to improve the Shaft Supporting
By

Masahiro Yosuizawa, Hiroshi Kanaoka and Masami NISHINO

. The breakdown damage of the propeller shaft of Pleuger type active rudder has
been much seen all over the world, and in case of all four ships in Japan the
probability of the damage has now got to 100 %. Thinking of the condition of the
broken surface of the shaft, the feature of metal strength is sure to have been
of “repeating bending fatigue” type. But the solution of mechanism of the break-
ing power has not been successful, and thereby the repairing method has been
yet unknown.

The authors are now interesting at many fundamental similarities between
the damages of the broken shafis of an active rudder and a main propeller, but
are also looking severely at the difinite difference of the damage probabilities
between them, which tell that the one of an active rudder shaft has been ex-
tremely large and the another has been extremely small.

2. The authors had a plan to test the effect of the “both-sides support” method for
an active rudder shaft with the aid of conjectural analyzation as much as possible.
The authors are now sure to think the method technically applicable, and are
also sure to realize the exact limit of the effect.

This report shows the fundamental test of the series, and authors are now
satisfied with the test.
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Fig. 1. (a,b). General arrangement of Pleuger type “Active Rudder” (AR) equipment in
case of 150 PS of Kéyd-maru. (a) : The picture of the AR equipment surround-

ings. (b) : General arrangement from the blue print.
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Fig. 2. (a,b,c,d). Pictures of the AR equipment
immediately after overhauling in case of
the second damage of the Koyo-maru.
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Fig. 3. (a,b,c). Condition of the “Shell feature” of the broken shaft in case of the C-ship.
Where (a) : General arrangement surrounding the broken shaft, (b) : The broken
surface of the shaft, (c¢) : An illustration for strength of materials of the broken
surface, and sizes are in mm.
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Fig. 4. Conjectural S-N curves on the AR (Active Rudder) shaft materials
(SUS 27 ete, in JIS). (a) curve : A sample of a case of the (nominal)
stress of the standard test picce for an AR shaft material (SUS 27).
(b) curve : A samvle of a case of the MS (main shaft) material (C-
steel) with many micro-crack on the surface of the corn part larger
end. (¢) curve: In case of the AR shaft material (SUS 27) in the same
condition of (b) curve. (d) curve : In case of especially weak condition
of (¢) curve, (e) line : A sample of an upper limit line for safety zone
of the breaking stress for the AR shaft with the micro-crack. Triangle
ANEF: A sample of the breaking stress zone for the AR shaft with the
micro-crack.
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2 BEOYRZFELWERINTNDH EUTE, & E TR @m?@m%i%@&% THL TR
M HEEESME R 5 2 U378 6 0 E U D TS VHD@<0ﬂhf@$ﬁTer§M6L“?”@éc six, wEE
ER 2 ETH UIREAMEIGRIEE 725, CD DEIERIZED L, A TSRS ZICER LT
Z OWAOE 11X, THO—Wse/E b TSTHRICHZE U e, 99RO A TR Bk By 7
b LT R R LIS L & Th B, & L THADE 213, MoBT#SEE stz 3 5 ik
HBWFD DB EEZELDIPLTH D,

117 U ELRHIC IR e 2 e T 2 AT, HHCHE 2 B BT ANEN D b, T L ZDE 1A
TSR E & MEN T RFEOMCEET 2 Y O 2 ZATER T 5 L& Th b, cbc@@mzmmf

OREITEER IR L 1z BT, EADOET 2 ORFIED ORI s b LA BORR 2 AT RED 5 L TH
2. RBDOET 5 FEHROIMA 20 UBEEIL C D2 SO 5,

4. 2 B 0o # #

FERORME e LR, T — 2 O OIRF THIAT %
4-1 2 B ¥ B
FEEEOTERNE, ROBED L DD LD,

[

VB

1200

Fig. 5. General arrangement of the experimental apparatus. Where SCU : Speed
control unit, VB : V-belt, Uy & Us : Universal joints. Th : Thrust bearing, SR :
Slip ring, TR : Test bearing. MR : Model rudder, and sizes are in mrm,
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4-1-1 ELMSEGEPLETIEEREE (B5H30)

Bl FEIE A OB 2R b DTH AHS, WML 3. 2mm FHIEE, {LEENE 356 S U S™27 #Elw,
COLEFRBACERIECI Y O TEED LD TH %, 217U COFEBTIEIIKPOHNERL TR E LD
T, HEERHIERIN U Tz D oBE & TS ELE ¢ e —F5 L T 35 mm ELRBIDMEC AN, FEIRERILiE

Jels

THERENUTEEL, ZReAMIEROL 32 BHEPEEL I, 2L T2 ORMEREDRS LT v
PR bR UTTRBE D 2 Y — MRICEEL, REUIERL WIS T %M e Ui, & EliERE)E
i, AIZRHEEEA 5P S 3MAC HEEHEA RIS L, HOL 3 WFlET Y~ VAL F 240 T
REM PRI 272 B HE 2 >, Bl E 7 ) — & OO EO R MO FREBOHEIC L2 O
TRAIOERG 20 ST 2BOa ==Y a4 M ERFESEIH, THIEIIES ko0
REGEERORBR 2EITT 2 C & 2REE T2 DT, COEBRTE 1IBTESEBDNE, h

bABDERBROE R T 2L E L > TWAIGEE LV, 25 2 MXT Y » ZIZKPREEROERHAD L T, <
DERTIHHORE 2 Hizs i,

4-1:2 HEWMSLEE (E6RSB)
B BLRATN 2 PRIt & 4 2 ERE TR 2R L, REEEE D 2 v or—y GEREEEHY, MARE s
Imm, Bl 119.14+3Q, ¥—2 0 >2 42— 1.8640.8%) 2V v 7Yy (LFESEGH, 55
12 kg), TWEEMEEE (5kg WATCRA 100ke) & L CAEBIZERA~T Y >4 (F—Ax7 Yy ) L4
DIFFRRER T, CNR—ETHREOTIRDEEITEMAN SN2, ZBHETH (a, b) BESHSOE
RO & LTI 5,

l: 163 e 310 1
‘ ' 165 | r}m%
- : = ML :
55 i 1! I\ e
N I i - I I - mrehe
| ‘ L I sl
- L]

; SR

] I
1 |

W

[ SRS

s

Fig. 6. The testing part of the AR shaft (SUS 27). Where SG : Strain gauge
(axial length 1 mm, resistance 119.] 4- 30, gauge factor 186 + 0.8 R
SR : Slip ring (weight 12 kg), W : Lorded weight (5 kg unit, 100 kg
totally maximum), SS : Shaft suppoter with ball bearing, and sizes are
in mm.

SETNEHED D2, T OMBFEORRICRD HET 5 & 513,
EFA, NFOEET SUST HMe@All,
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(a) (b)

Fig. 7. (a,b). The picture of the testing part. (a) : In case of an “one-side support”,
and (b) : In case of a “both-sides support”.
-1-3 EHHRBER (HE8H (a,b) 28
HISEEL X b HFIEE R () WooRDER T, EVIREIENESR (DPM—CO—50 ATIE), A
vus57 (F¥T—4~, RMB—13BE) LbM5, ot 8Dy — &R, 487 — o I
X o CIRIEMESRT2b b MR RER 2 50 L AT T H 5,

i

(a) (b)

Fig. 8. (a,b). The measuring apparatus for the test consists mainly of the strain gauge
meter (DPM-CO-50AT), the electro-magnetic oscillograph (Rapicorder RMB-13B) ;
and the apparatus are all made of Kyowa-Dengyd Co.Ltd. Where (a) : A diagram
for the mechanical connection, and (b) : A diagram for the electrical connection,

42 EBRF—-X—-DOEREEWN
EENEZNFNOEMZE > TROIAF EFRES L L > TITE 215
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(b) In case of a “both-sides support”. Range : 1/10, W : 100 kg, and rpm : 200.

Fig. 9. (a,b). A sample of the recording card of the phenomenal wave for
the oscillating strain.

4-2-1 BREFEODE (EINBE)
FRXETHEIRICHIRL I L 2 SR EE U TERL, »2 1 RBC L 10EO, #HELUEER
Bh, FOEMIGHELRD TERFT — 2 & Uic, ¥ — 2 QBB SR 5 C OEBICEE OREICEDS
WIFTED A ML o — oo 12, BRERFHEW IEEOEEOAZWLE L, MEOHEL
20 e TN ED IBRIE UTHRA LT, 1210 WIRHIG T 3I5 00 1

J— 50 _—
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TS EBLXY v T SEER LSS, ZOLILOICHIGET S W LT, ERLERTELO
BRBIELTHRABELNEZLE, (ADBAAZDEEFERZE— 2 bEUTEEINIZL DD 5KD
SNAHMLHELETH D),

Table 1. The data of the test checking the fundamental relationship between 6 and shaft

revolution —120, 300 and 470 rpm were representatively tested.  The marks are the

same as in Fig, 9 and 10.

R/IM| W [éry- éom| é&e 64 Erph Scm | e 62.0 Emy -t Ecp | Ee 6.1
e) + Jkglem2) | ) MCkefem) | (kg/em?)

0 18.0 41.0 71.9 4.8 10.0 8.6 12.0 41.0 47.9

120 50 40.0 11.8 555.0 9.0 10.0 147.3 24.0 41.0 95.8

100 23.5 3.7 1054.0 13.8 10.0 225.9 38.0 41.0 151.7

0 18.0 41.0 71.9 4.5 10.0 73.7 12.8 41.0 51.1

300 50 39.0 11.8 541.1 10.0 10.0 164.7 28.5 41.0 113.8

100 22.0 3.8 960.4 15.0 10.0 245.6 37.0 41.0 147.7

0 18.4 41.0 73.5 4.8 10.0 78.6 15.5 41.0 61.9

470 50 | 40.5 11.8 561.9 9.1 10.0 149.0 22.5 41.0 89.8

100 21.5 3.8 938.6 14.0 10.0 229.2 38.5 41 ° 153,7

1000~

400

200

h'lgh@ O"Z'b’mi Y10
6‘2-\3-1’3;‘ oz

(Lower 1o

| | I

40 60 80 100
W (kg)

Fig. 10. The graph of the data for the three cases of the shalt speed. Where
61-12p : The stress in case of an “one-side support” type and 120 rpm
condition, and so on ; 69.a and 63.p : The stress in case of a “both-
sides support” type, and the sub mark a or b means each data in

the twice tests.

— 51 —
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422 HEEHEoEEOBEYE (F1% S10EER)

F T RN IHEER DL LT R 720 o [TThsu b 20 2 B 2 7R 97 B2 HER U o, AR #iE#EE s UT
3 (120, 300 %208 470 rpm) 23N, £ 1FEEH 10 K21E12. T8b LRI EB O SIE 5
SEOUERLPEET LD, BI0ROBMIFE U T, TEAEE WANEE 28460 6 MEkEEE IR
I BEE s AN S . S A5 &, RICIROLBIRBEL 2B AZVED, KidE TEED
EEE R 2 RA TINS5, 2358 10 TN T W= 0 DEED o {iF HRUREEE 2 Y v 7Y
VO EBEORIENCL A LD TH B, COMBMHEIHOHUE LR FOHGOEONL e LB &b
REMEE LTREN TN A,

4-2-3 EmOEEICLBZESR (B6, 11HER)

FHF — 4 BIR AR R T, —IGRB L 255, OB INCERE & O 2 ES A 1o, £
HEZEDO—{B /AT T, 6O EOBSOEMEZHE L, —WME MY OB E 20T,
EBILEOETERFN6th-1& Gin-e & LTEDLI, I UERHELMEEEL XY » 7Y v 7HE
PR LUIL, (R CTERINLER, FHEENTsbNLBICEBERESNATE L),

1000

300

g/em?)

< 600

(k

400

200

: |

0 20 40 60 30 100

W (kg)

Fig. 1l. The graph of the main test result, Where 6.n-y : The stress in
case of the theoretical and one-side support, and so on; the expression
of 6;.a,61.p and Gy are the same as shown before ; and 6in-1 : The
modifying line for 6;n-1 got by parallel shifting corresponding to 61.a
and 6;.p, and sc on. The data of the test are got in such processes
as 61.a, 6o and 6., regarding the higher correctness. Each line was
got by the minimum square method and thereby the corresponding
experimental formula was led for following analyzation.

4-2-4 REBT—42 (E2E S11E2ER)
SR IFEERROPE 213 & A ERI RN EDPHIL 20T, #X70 KEREERE S U T 200 pm & ET,

J— 52 J—
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UTFC oM U, 1217 Uil 2 &0 RSB OB G RGO R A & W E R TR T 5 1201, B
Zpt% 5kg i S8 T, CDRREERIID L L L A EBFRFCBNTED TEEL TV A L & 2T
Utze FHEBMOZENRTTZT2ERT, ERP—IHZFE 610, HWMXEE 62 2 U T—U30%E
61.0 DIEFETIT/L -T2, CREEE L TERAMZ EB6HOSS) DRIIVERICHS S K EDAHD
FEBADHREERZB LI D TH A, M Z2OMREBOEELIRZTESEHAT, TIIHEREG
B 4 1000 kg/cm? %2 HfEE U THHERTRD 128 S/ A 100kg 2 AE LI, COHE 6 HDH
4 1000 kg/em? ($ AT OITIBSE 2 ZEBOE DT, 7257 75 # =0T 3 AFEOEKRICE O THE
BLIZEDTH A,

Table 2. The data of the main test. The test had 5 kg unit weight checking the vibrational
effect’ of the apparatus, and had 100 kg weight maximum considering the breakdown
condition of a main shaft., The marks are the same as shown before, and each &y
data is by the arithmetical average of ten waves of the oscillating phenomenal waves.

W(kg)| érm(mm) & 61.a sry(mm)| & 610 sry(mm),  &e 62
(kgfcm?) (kgfcm?) (kg/cm?)

0 39.8 | 57.0 114.3 41.0 | 62.0 108.3 || 25.5 | 52.6 79.4

5 15.7 | 16.7 153.9 58.0 | 62.0 153.1 36.4 | 52.6 113.3
10 20.5 | 16.7 201.0 | 22.0 | 18.5 194.7 | 39.4 | 52.6 122.6
15 24.4 | 16.7 239.2 27.1 | 18.5 239.8 | 42.1 | 52.6 131.0
20 29.2 | 16.7 286.2 32.1 | 18.5 284.1 13.0 | 16.5 129.0
25 32.7 | 16.7 320.6 3.8 | 18.5 325.6 15.0 | 16.5 148.8
30 37.9 | 16.7 371.5 $2.2 | 18.5 373.4 17.0 | 16.5 168.7
35 41.6 | 16.7 407.8 473 | 18.5 418.6 16.5 | 16.5 163.7
40 47.8 | 16.7 468.7 52.7 | 18.5 466.4 17.7 | 16.5 175.6
45 17.0 5.7 501.5 18.6 6.2 491.1 18.7 | 16.5 185.5
50 18.6 5.7 548.6 20.6 6.2 543.9 20.0 | 16.5 198.4
55 19.8 5.7 584.0 23.3 6.2 615.2 22.0 | 16.5 218.3
60 21.6 5.7 637.1 | 24.1 6.2 636.4 | 24.4 | 16.5 242.1
65 22.7 5.7 669.6 25.9 6.2 683.9 | 25.0 | 16.5 248.0
70 24 .4 5.7 719.7 27.6 6.2 728.8 | 25.5 | 16.5 253.0
75 25.5 5.7 752.2 29.1 6.2 768.4 24.2 | 16.5 240.1
80 213 | 5.9 805.3 |  30.8 6.2 813.3 27.3 | 16.5 270.9
85 28.7 | 5.7 846.6 | 32.9 6.2 868.7 26.5 | 16.5 262.9
90 303 | 5.7 893.8 | 353 6.2 932.1 28.0 | 16.5 277.8
95 31.7 5.7 935.1 | 37.1 6.2 979.6 29.5 | 16.5 292.7
100 33.7 5.7 994.1 | 38.4 6.2 | 1013.9 29.1 | 16.5 288.7

XTF—RIZELEDERY TS AL, HEEF—2LLTO eom (Z0EED 10 44 2 VDAL H 10
[[5OETEEEEE 72, FIUFITENT, 614, 6i.b BLI 6 ODFEMOKDTIE, MEFELTE
—He DD HRTINC EEBED LN T EH, AR CERMTE T EORENBNTH 2556, BEDH
BRDDVFERLZE LT, —IOHEMNNE2HAT 2 E & Uic, T8b b REHIB/NEARRICE DY,
XS ZNENDOTERZRD LI IWEDI

G1.0 = 8.70W + 110.28
61.b = 9.06 W + 101.25
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69 = 2.06 W 1 97.51

IedSEE 11 PSS T, 3 XIIIRHEEOIETEE 2 Y » 7)) » O EE
BT L b EA & LT T VA, 28T 6tn-1, 6rn-a ORIHREZFM
FIAD L CETBHOFEIC L - T, %h%ﬂ6m1,6qu@%ﬂbto

ST 11 el & EHiliE & 20T % &, —USEERICRT AIMEDHOW EBER SN D, 1
IR ok JJ\L@st,p\@mEW’M*rﬁJOL T L TOT &, SR L Rl & R O FE AT RS
B AHhb, ZOENPELREZEEEEZ THALOEEDLND, OB TR OGE AT ER
UDTE#RRL T T & b, MROBEEPNET 2 CEPEBL LN, FIE B ZITIMS  L3HENTH
A5 EZEZLND, Lich - Tl kmiﬁm@@ﬁ?&@f@osmﬂb&,AJM@C®E&®WM
BIRTLOHERIRTA L TH D,

4-2-5 WMRHEHF XD -EOLE (FIFK(a), (b)sE)
mpwmm@xm REZD 527 W2 AT B E D 6 MO REE L THE3E (a) WY 12
12U 61, 6 EERICRZETDH OGS U T BUDEZESNICOT, DT h—2 2RI
BArLDELT, CLTM61b&néccmbtoLT&(a)th 62/ 610 DEBEAMELTW

WL, b OHEE
il A—iE e T 2 i,

Table 3. Conclusive data on both types of support in comparison with each other. Where
(a) : Each 6 value was calculated by the experimental formula, and the 63/6;.1
value should be regarded as the barometer of the deducting effect against the break-
down stress of a shaft, (b) : The W value has a special meaning corresponding to 6 of
500 kg/cm? and 900 kg/cm? which are of special limits in a breakdown shaft condition.

TTW(kg) | | ‘
: | 20 40 | 60 | 80 100
6(kg/cm?) i B | N R
Gm-r 1226 | 451 367.7 0 490.2 612.5
Gih-2 ‘ 55.4 110.8 f 166.2 ; 221.7 277.1
6.0 | 284.3 458.3 632.3 | 806.3 980.3
611 282.5 463.1 644.9 861 10073
6 A 3% S N VX 211 2623 303.5
6261 - 0.491 0388 | 0343 | 0.318 0.301
(a)
6(kg/em?) W(kg) i olkgfcm?) W(kg)
i '
Gw-r 50 | 81.6 @ o0 146.9
Gin-e 50 180.5 | 00 324.9
51.a | 50 4.8 | %00 | 90.8
! H i
61.p | 500 44.0 ! 900 88.2
s | 50 195.4 “ %00 389.6
(b)
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bk & s BRI S OMET D BIIROENC &R T I L B4 b s BERSEO—2ToH
505, TEEINCIZFERE 2 KA IS0, T bEROYE W DR S WY ifu’] 30 % DIEZRT o M
C O ¢ DENUCEG O, SN EETE DL 5 IR & 3B BRIV, Lo UEE
DR & b b —IBESEERPEA 5 CERBSND EBA S, AWTEIDEL LD ij;ﬁi? A0E 50 %0 W
LT (=] OWENZT N5 ERTRL, HoO2NEBMIC 30 % 1T & R IIFT 5. & O IGHKE
T3 © DS IR LS DT % & DI kW B 25k 2 B0 DS D73 5 C & 2T %o
igas (2) OBEEEE LT (b) 2EMLIIZ. CAUdZi oy 2 ZoFET 5 HEORERE £ 500
kg/em?, WZLEOMETS 5 B OB £ 900 kg/cm? 2N ZNEGT 5 W HZH L72hs, SUST
Mon L x5 b A REMICT LT BRBE L e EEZ b,

5. & B

FHRT 2 F T 5 & —RI OV TORRER O O—RIEE L, ZONEO—FE U TOMIR

PR B D 7o OIEEEAD 2 TEE D b AL A DS, ER & EHORERENENIRD & 5 SR,

51 —RMEBRELCDOVT

RO, TEE T 2T 794 —ThE OIFEEFIOMT, REMCE DD TRV ERD
EAES, TR i“%$@LTWWRma&(atW@Mﬁtuj/ﬂcw%u e 100% & O %
oo & OMEEDIEH TS 5. KRT T T DR, Hlk O 6 [EOHER], BIERORIEOHEE 2 A
e %ﬁmcﬂ4ﬂ%%mﬁo¢ab BB ¢ [MOTEEOTRI R MBI k- T, B
B DIEEN BRI bH, »oZOMEBER, COZMAEO (), (d) wiEans 2 UDMEST D
BRI I ho> B & & TR T

5.2 EWXHEABO—EICDNT

Tl SR R O, 2B 4 UTmmi(C)%ﬁ(/bb(UﬁmM % LR EQAIEED-DTH B,
T b b ME &S —EOB e, MEO6IE 2 a0 LR EEd 3 e R0 S THHED—2T
BAYE, THF T T —EEBOE AN ORI N T EEO—D L s A DTILY BT
320 2L THDEEEROE L UTHIRD 2 M TEHTS %,

(1) A& ZeE 0BT

RN DB EN B 2 L CEMARN LD 2R T, o Thiultb [=50%)
bbb [y LS e C e BIHETE 5. > OoRBGHPEMOLE OIIFRICIN {RE
T3 LIRS BN 6 A0 TR S 6 [=30% BE] b5 [ZREBH3ELa
B L] DTSN, CNEDF— 2 iEbind &b COZFEOHEHOPHFIC >N TIHFELORBL 2D
SR EBRTEEZR D,

(9) LHHTIEOB I ER e 6 & LT 4 500 kg/em? & 4 900 kg/cm? DI DNT, Eh
W LERE LI WL, 77 F 772 —fcs > T RFEEEBCs5EEDNS,

= #
*704”W%/7?7/°~@H%M%bﬁ|MMW%M DEIHICE - T A B, AKRE
4 EDBAOIHERIX 100% Tdh Ho Z OB ORI 5 HMba,ﬁﬁ®ﬁﬂrmH%dfﬁ'&b%

*Pleuger Unterwasserpumpen G.mm.b.H., Hamburg-Wandsbek, Deutschland.
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