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Experimental Investigation of Strength of Axial Flow
Compressor Blade Root

——Pin Joint Lug having Clearance between Pin and Pin Hole —

By Tameji IKEDA and Takashi YAMAGISHI

Static tension tests of a single lug large-size model of pin joint made from 17S-T3
aluminum alloy were carried out, varying the clearance between the pin and pin hole. The
stress distribution over the lug, the contact area between the pin and pin hole were measured.

Destructive tests of practical multi-lug pin joint models made from 17S-T3 aluminum
alloy and SCM-3 chrome-molybdenum steel were carried out.

The experimental results are as follows :

(1) The stress concentrations of the lug depend on the magnitude of load and the
clearance between pin and pin hole, and those effects are remarkable in the case of
small clearances.

(2) The stress concentration factors on a square head lug are from 8 to 10 per cent
smaller than those of a round head lug in the pin hole boundary, but those are reversed
in the lug tip.

(3) As the clearance decreases,the contact area between the pin and the pin hole becomes
larger than that caluculated from Hertz’s-Contact formula.

(4) The strengths of practical lug models are from 70 to 80 per cent of the tensile
strength of the material.
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1R 7Bl v yoER~SE, X0 h
HEXBERTHALTIREBERT,

H (a) oRE7 7, BX 10mm o 17ST3 o
— VNS Z 7OEFHFW (ARAHR) ¥ROo—L
HREAX5Hv L, mEEHEIL CRE 9.5
mm iz PSR TO 5, 7 7%moOERE, —FHH
vYREBLOMBTHY, aHBHETHI. £h
ZRoFESTBEREALTHY, CrOHE dag ¥ 50
mm, 77 %\ENHE VRBLET OER H W dr
LREL 50mm, 574 2b b 2dg TH5H, FTo,
7 v R OB 8dr ThHY, ZhikrRad
HOTHPRELEWTSLEETHE, Z0L577
TERL R SKEEL, TO LD IREIENS
HRIFCHD, ROD2EEC V¥ VR E DM

X1 BBTEXAE (WHIHHEDEE)

7 7 17ST3

¥ o I Vilh, A
AE ¢(mm) 9. 450 9.432
L% dg(mm) 50.070 50. 057

| S 17ST3

vrigy dp(mm)| Cy(%)|dp(mm){ Cr (%)
Al, A2 49. 990 0.16 | 50.000 0.11
B1, B2 49,745 0.65 | 49.740 0.64
C1l, C2 49. 495 1.15 | 49.490 1.13
D1, D2 48. 985 2.17 | 48.995 2.12
E1l, E2 47.990 4.15 | 47.980 4.15
Fi, F2 46. 000 8.13 | 45.995 8.11
— G2 —_— 14.12 | 43.000 14.10

v v S45C

S o dp(mm)| Cy(%)|{dp(mm)| Cr(%)
Al, A2 49,985 0.17 | 49.985 0.14
B1, B2 49,740 0.66 | 49.735 0.64
Ci, C2 49. 460 1.22 | 49.475 1.16
D1, D2 48. 990 2.16 | 48.980 2.15
El, E2 47.980 4.17 | 47.970 4.17
F1, F2 45. 990 8.15 | 45.980 8.14
G1, G2 42.995 | 14.13 | 42.995 | 14.11

dg—d
W CH=—%T—1XH»%
H

This document is provided by JAXA.



ER RSB B A O BMEI DWW TOERNIZE 3

BEEANL DIV, IWHahBERZ7 7D Y
AFE dey LRE ¢t OEREELELIZRT,

K ) 3BBAY Y ERLIEBDTHD, Vil
HENSOFIYHLT, ZhbEBEHOo—-LHR
=BT 5, O VZBRTHY, dp NED)
PEZAZEIZLY, CyREDHBICEMSTES &
5H78 2T B, IIFH (KOERSy) (XEEDS S0mm
ThY, BHBR7 7BIUXFEROThEFhoY vy R
HLBNAARTER I 5o T b, £7, ¥
REDOTAERES 272007, RZRLAL 548
W12 yoEEY 10mm, X 1.5mm o
B Yo7, ©YHEIZ 17ST3 e S4CHO
2HEETH, ththovr & dy, oFfEE, =
PIRTIHEBE7 7 Y REDEMERLICRLTH
. ZIZTHM Chp SIHBELEMECL2HOT,
KRADEYEHT 5,

dy—d
Cy=—"2-F

X 100% (2.1)

H

IHBHORBRI 7KLY 2 1) iRl &
SIXBHERIRIAT, ZoXRFERO—F(FH)
PEOTTANBBTOMEY, F (EF) dxbH
CHBRE Y EBER T35 1 R0 Yy TEESNAE
HAERENL TAGEBT O L LI, 20X
nnXFHEE, OEVEHTHS BRNEBEOCBARE
L OEBIRMEICE T 2R 7 7' L v & OB
BIA3RYY, BITRLEBHCIIICER L,

2.2 EMESHTERARY

CrEE I IO v EY yREDERERL, 77
DOMFAEREEDRE (7 7RO EESIs
REE) i Hertz EoXnbRkDEN L, Ll
77 ORSRBERTEDHS (CVvBE 7L LT
BIARRR) X7 I RmcHiERE Y A0, B
BHEOHE L VEMEIRIKEL KR TTH S,
BRI NBOZ LR/ LHOL D ThHibr, ¥
1z, ZORBEHD, XEOLEINHRAEDHS LR
—ThIWHEHETH2, £ T, ZORBH 7
LG RRCRBYE LG HBEA 7 703 b0 28 %,
BB Y& LT, WHBERAD O O AL
Rl Tl Y AR

ZhBDITD5 L, BAWIERADLDOEFIRS
7, EBOJVOEERZ 7T 5, BIBRS 7 iXER
DEFITHY, AEHFEIICHTBEOBEGLELFEL
Thb, FE77 2 20T, BRNEHENRIL 7
®, BRZ70%E (b4 200mm) TEHEER
HIZGIET L, 7 78byMEEARL Thmfiz gL

% 2 BRTHEAME (ERERREOBE)

7 7 17ST3
¥ = E&EA7 7 (FE)|5158M7 7 (FK)
BE ¢ (mm) 9.432 9. 450
L& dy (mm) 49.996 50. 007
v v 178T3 v v & DB Cr(%)
v itE No.1 | No. 2| No.1 | No. 2
A - — _ —
B 0.51 0.50 0.53 0.52
C 1.01 1.00 1.03 1.02
D 2.02 2.02 2.02 2.04
E 4,03 4.01 4.05 4.03
F 8.00 7.99 8.02 8.01
G — 13.99 — 1 14.01
v S45C v ¢ oM Cu(%)
v iaE No.1 | No. 2 | No.1 | No. 2
A _ _ _ _
B 0.52 0.51 0.54 0.53
C 1.04 1.07 1.06 1.09
D 2.03 2.01 2.05 2.03
E 4.05 4.03 4.07 4.05
F 8.03 8.01 8.05 8.03
G 14.00 [ 14.00 | 14.02 | 14.02
W% Cn= d”d_d" % 100%
H
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PE2TRT,

2.3 HEERARNT /&R
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X2 AR HBER

dg (3, 585 Bl TITFEHR 10mm, 444 B (3 8 mm
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AL 585 B T 4dy, 444 BT 3.75dy T
2, ¥ VYROBE H (5 7%H0n6 RPLETOE
) 3, 578 BEda LHELTHD, Criy
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EE® 0.5mm O 2V THs, 275U, REMAEL
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CYBOTHARETH 5, BRBOFTRFHETONT
GRS (2.1) TN (K1 2R), WEOKES
OV TE, EHEL0RLSLHFEL T, 400ke, 800
kg, 1,600kg 351 7r 2,400kg D 4D & Uiz, 7278

LBRIR7S 2 Ml A B 0F&IZi, EMSoMuEEs
ZEL TRERWTHEEZ SP 1,

3.3 EMEHROME

VST 7B TE v ¥ v REDEMER L
MBI R, SIREBOEREN, BOYBLEEDD
LR B ENBROBE I E OB TH B &
Zz2bh5b,

BfSHB A {5 HEe L CAE 2 b 503,

ZZTRRICARND L 5T BB HE L » TH
Nz, $THRERE YOERAMEABT v 1 — T #HL
BEGL CTHoEtEd s, CYRABLZEBVHE 4B
M) TBYOHRL, FOTOAE &8 K&k
o EVREZT v =BG L2 v 2 #E, Bh
WHTEDKEX S THESKEE IR AT 5, B
W%, Y ORAE- HEWROR S LT
15, -
ARMHFEE OV, BEREEOH SIS E
HEDOHELEL TH Y, ERMEAEDH ST, A
B (2.2) Ta~NcEsERAZ Y 85 70—
W vELLD) O ¥AY YRE LI C V2
&, BN 7 OMBIIERT 2, SO 7OTF
FetoEEd s & ABHS, AL - TEMECE
UYEELRWIICEAERL.

WEOKEXIZ, BI3KY, ERE HFEL T, 500kg,
1,000kg, 1,500kg 35k 70¢ 2,000kg D 4@YTH
5o eI LBHEAKDEAEOBEITE, Bzt y
TEBHUEEPES R L 51 KHEL S, 250kg @
AMFEEZBMU7ce FAPPEEML Lo SR 0EE
20T, EBRVPERETH B0 Bl 2 EmsL
720

3.4 EBT/EROBMERR

CORRIIER T VORI BB BDITITIE -7
DT, HHEIRICARNZEO TH 5B, WM TR~
BE (X 2) 22xhTn rTEEL, ERO—EH
M4 5 £ THEEOEFIICIW - < VEBEEREL Y
folice EALALHBEIIA LY Y HARARETH
5, EvEEyREDBEMOMAEE R, FPRBM
sL&, HEF 0.5mm ThHs, 7, 585 HKD
Bz onTiE, A—RET2HOERYITo 7205,
DB IO TUUI—~FH 1 MTBORRTH 5, ok
ZORBIC BT, R, BB L OHE SR

R, BHORWLE W SITTEBE I DOTHAN
77

4. RBERLTO&HRH

4.1 BHME

AEBIZHT T, SBCOo—EMMALEYH
Li-AEB LRSS0 7&ile, AEBHOY ¥
EXCTFHERY T oo, X LERY O
W ITEEL - TRWREBTHY, LB -T77
FEDIEHEBIEL 5 otze KIS IITFHERLAE
BREDERIZOVWTO—RERLICHLDTHD, TD
Blicid, MM (RoLEM) E/3HE (MoEH) >
7oXHHE (K62 REEA [R(S)H] &k
FAMEAROTARGEERL Th b, HOBREITIX
MRAOY A eo/en %, BERIXBENME (/0) %
EoThbo FIMLIERIIONWTOZRHE, 77
8€7®ﬁﬁﬁggﬁ,S%CH§7zSﬁCH87
OBE @TROE+ILHTRY) &, 17STI #7
7L 17ST3 MY yois (RTIEER L BRTR
1), B Cu »#9 0.1% (¢ v&5A) &, ¥ 0.5
(¢ i85 B) LU 4% (¢ YiILFE), WEY
800 kg(0p=1.7 kg/mm?, XDFIHOLHHR) & 2,400
kg(o,=5.1kg/mm?, {H+LEH, CYALBOE
&) LU, 1,600kg (0,=3.4kg/mm?, {E5+EE
B, Y VEEE) OFZThENTH b, HEVTH &
REHETA-HOY V IEK E ioun Tz, S45C
7 7 C221,000kg/mm?, 17S T3 # 7 7' T 7,500
kg/mm? & L7z,

vy e vie® Hertz iR HEE T,
A—WETIE, 17ST3 Iy S4CHo7 LY
Y DBETISOTEBERY N THY, Lo TH
HHET TN RPHFEESE, REZETHH
RAROIEHESRED SACHOHETKREL S,
F 1R L 2 ROV LBI ST A 0§ A co/en
O5TEb SBCHOBFAI KL 23, EBRERIZE
FOX5KBATHS, IRLL-EBRERDOS D, B
MbE 4% Thrv vy ETi, HEORELEET
ERBEBICHED co/en OFHHB L —BL, FTH
Fs 7 TIIMEROEEHIIEALBOOLRIG, 2O
ERIMHRICIITELOTHE, €Y EZRT?
ERTIX, WEFTHOFHBRPFTEIENOT, 7
T OIBNAHCE LI THEOEBIED THiiX
FThHa, 72, COERTR, VBN T257
BEOhPEHT IS, XAHOEE IR L
EOBEIZE Y, 77 DIEhFHCR LTI Ol

This document is provided by JAXA.



BERI(Cy

) 0.056( 7 - ' »; S45C)

B R B R B D FREE DV T O EBRIIT S 7

BRI S A2)
0.052(5 7 ¥~ S45C)
pr*“'ﬁ"”j(c“[oul4( 57.¢;175T3)

MEB 77 (KAL) 3

0.160(7 7'+ ¥ »; 17ST3) £a/Es

\\
L \‘QJ_ 1 | ] )
07 0.5(H) 0.6 /b 07
HX 7 7 (¥ ;B | %I 7 (€ ;B2)
0.55(3 7+ ¥ ~; S45C) \ - 0.55(% 7+ ' S45C)
€o/es Fﬁmi(c")[(lﬁs(i7’-&"/;17ST3) €oles \ mec")[a%(??'-E'):]?STS)
\ K
3 3
2 2
Q\
\\
\\Q\
| ] ! ?1 l
0.5(H) 0.6 /b 0.7 05(H) 0.6 /b 0.7
4| 4’—
MET 7 (V5 EL K5 /(¥ ER)
&y/E. Y S Eg/En ,
Bt (Cy) [ 40807 7 E i S45C ) / s (Co) [ 4087 7+ E 71 S45C)
415(7 /- ¥~ 175T3) AR 415(5 7 ¥y 178T3)
3+ 3
3,
$
2f- ol \
54 - Yy S45C 17ST3 #Hke Ty
¥YA-B-E O ——— 800
¥~A-B + 2400 s
w/ E + 1600 \
1 1 1 i Qx 1 1 1 ‘i
0.5(H) 0.6 /5 0.7 0.5(H) 0.6 /6 07

RS 2 70 F 9%

This document is provided by JAXA.



8 MU F T AT 183 5

77 178T3 dy; 50.070
78 ; 800kg 0w 1.69kg/mm’

Y2 S45C Al Gl
d} 49.985 42.995
Cv% 017 1413

EB@EES O +

bbb a,

1 1 1 L PR § L L 1
01 02 03/ 04H05 06 07 0.8 0975
Y RH{#

X6 7 7T/

TEREOXELERTE, ILEBREROBREDL
BThb, NHDOZEND, FERIZEIB7 7D
CRIHEPHEINTEY, BROGEHEISVEEZ
b, LichoT, BIZIEHOEDKBOWE, E
REIUMEOEETH D LEBZ TEXZILV,
X6 iz AERBIZIT A ERO—BT, SHCHY
XT3 17S T3 H&RMB T 7ol hafhimRLic
bDThbH, ZOHTHEL ©rRPLRELTE
CHEARGR (XHR) TRIGEWEE, HEHE
(YHH) THRFENE O 77 FELOSDOTH
D, ThENT 7ORERS on (W T 2BELHO
KTRLTH 3, 222 LBIRISHOHEBECEL T,
E=7,500kg/mm?, y=0.34 ¥ L7z, ¥ Y&V VRE
ORI Ca=0.17% (v Y8 A, OH) & 14.13
% (¢ vi5G, +H) THH, ZhxEERCST
AR EBROBHMEHTH S, $70, WIFhbHE
IXE L (800kg, 0,=1.69kg/mm?) THhs, B&HEH
LROFETH 2B EOEBITNTINLOFHO
fHEERLIC, TTWHVAHFTRIROBYTH 5,
r/b; BIELLE
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P, kg/mm®

X 16 (a) wi[T & #E0

B kg/mm®

X 16 (b) Wik & sy
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585 444
A B A B
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585 444
A B A B
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TREELLLLOTHS,
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Cu; B (%) (X 2.112k3%)
Onp; 7 7RO REAENNS (kg/mm?)
VAP AN DR
Wg
BT 2h—dy)

Wp (3EmE (kg), ¢ 17 78 (mm),

(4.3.1)

(Y
(1

17 ST 3(a) SCM 3
585 585
B B
(d)
20 EZ 7 (mm) Thb,
BB°; T UM (&)
7erEL,
cos fp=—— (4.3.2)
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7272,

mwxloo%

=t (4.3.3)
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