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ABSTRACT

Turboshaft engine is the main power source of modern helicopters. Since the rotational
speed of the power turbine of the helicopter engine is high, and the rotational speed of the rotor
is low, the reducer is needed for deceleration transmission. The turboshaft engine has a large
deceleration ratio, which requires multi-stage deceleration. Helicopter main reducer is the main
transmission part of the helicopter, which can be directly driven by one or more turbine engine
power turbine, so as to play a deceleration, reversing, bearing role.

Due to the dual-use, broad market and wide use of light helicopters, this paper takes the
most representative light helicopter ' s turboshaft engine as the reference object, and designs
the gear reducer of the main reducer of the light multi-purpose helicopter with turboshaft
engine.

In this paper, the light multi-purpose helicopter is selected as the design target model, and
the development trend of the main reducer of the helicopter is analyzed. The gear reducer of
the main reducer is designed for the Artouste 3B turboshaft engine commonly used in the light
helicopter. This design adopts a three-stage deceleration, the main gear deceleration device
using straight bevel gear and straight cylindrical gear step by step deceleration design. After
the design, the corresponding check, shaft design and bearing selection are completed, and the
design is modeled and assembled using Solidworks software.

The design of the main reducer of light helicopter in this paper meets the domestic market
demand and the development trend of light helicopter in China, which makes the design have
certain research, application value and practical significance. This paper focuses on the overall
function, performance, reliability, maintainability, economy and other requirements of the
main reducer in the design, hoping to provide reference for the design of gear reducer for light
helicopters using turboshaft engines.

Keywords:Turboshaft Engine;Main Reducer;Gear Reduction Unit;3D Modeling
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gi b, H-SuEHEWHERReROE . ST e ks, WIEHEWREE R, H
A R R DR A 15 B RS I A 2T AT T IR Re LT 2k, BT AN Al iy ey, SR &
et EL AR A R A sl il F
2.2 fRENE E S 1EEIERY S EC
2.2.1 1L fifE &

& 2-1 T i e AL sl i
1o kR Eshibse; 2. mEHNNE; 3. TEHETFAR
4: PRGN b LT AR 6: EK Bk
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a: NG b ViR o UiERAh: d Hh
2.2.2 12 EILL R 53 B
T AL Bh i DA
Bk T E YRR, 5 P R BRI
LT 2% 254 50 b ) 23 AR 34 SEAE 3346 F 1 5 P A Bl L S (R B A
Z (Y WE 2-1.
F2-1  EANREEIE L ST

[ et el L YE
LA HE AT e <3
Bk B AR <5

8RN 2 PR AL s FHIEAER “ /R BRI, PAR AR L O
%&%mwraﬁ I HREABCER RN, By 7 ASCEEEE KSR, 5
WAL A E P BCE R, ZhE UL ERNEEAT 0 H, 0% it AL sl LU fE R 2 &

ﬁ:
iozil><iz><i3
(2-

A, G NTIERL, i N —RIRIERL, i N S RIRIE L, i3 N =R
bt

Zia bl b, I BE T, W 2-2,
® 2-2 AL BB b

L &7t
B (EiER) 25
B (P 2.55

FE=2 (RIEZD 2.55
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EZE JFRUERSHHERIETSRZ
BIEWHNE IR SR
3LLERME ALBTZRHEIELZHEE

B REWHEN A RLEFE 18CrNi4A 1Y,  18CrNidA X2 — Rl R s, H
AR RS TERN RIFHEHR. 8. DIH]. BERITERE, 124 K R ARIR R KA B
ARSI PTRLRE K RAFIIEEE T2V Re, A R 07 5 R AR Bk D BUREN . 124
FH 3G i A 5

AR R AL BT U R -
810C ~830<C, ¥
170C~190C, ¥,

WA BT R B A, XN TAS R EOR R, MOEHOIN TR EESEH N 5 9 OFF

I T J705 A8 IR R 22 /N RORG 3 oA 8 Ve poin T 0 I
TN T R B
312 HIE SR EESH
(1) WEHEFMB
EAHER R CIRE, IRE A R RN RUAHER R BN, SRR N 02
(2) i KR ER EREIMAD o

JE TR NS BRARFC AT o0, BN FEUERY). KRN G kAR g, flis
EREERAG. FTLAVEE AR S FREME (A0 1452 202 25<%) ik 20

(3) HixZME

el 2 18] B SR A MO A, RE SRR N L, ORIk LR I R e 4 147 50
E’Jiﬂix% Y90S WAL 90

(4) Wz
WAL 3-1, WaE KN IREL.
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®3-1  HNHEKNRHERE N ML

Z1min Z2min
13 31
14 20
15 17
16 16

AL /NES R EL 70— % B 16~30.

RYER 3-1 PR Stk 2.5, IHFSH /N ERER, REERUNELE
21=21, KFeiHl 20=52, “FHIPUES KT H A%, HE

RANEVIBZ o u=2.476, %% 2.5, BB ERI &S, .
(5) TipR &% C

s B HEG R AR I S 5L, C7=0.2,
(6) tATim A& ha

s B HELG RO IR AR B2 4L, ha =1,
(7 HEMS

0, = arctan (z, / z,) = 21.989°

(3-D
8§, =90°— &, = 68.011°
(3-2)
(8) ERERd
bS5 K 73 P I AR d e -

3 kT1

dey = 1951 |—

Usi,
(3-3)
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K: #fmf 2%, S2EEE=1.5;

Wtk u=i=2476;
Ti: ANAFRCEHE, CADIZEME®E, A A0 =668.3N.m;
opp: fhSLIT IR AR IR ), A

__ OHlim
GHp = SH

(3-4)
A
Oniim:  ATHE AR AR 7 A IR, 22 A E{E =1300 N.mm?;
Sw: A% R, KENE=1.1;
Wit 5K oy, = 1182MPa;
Zx b, 15Hde, =128.8mm, #HI L E /N 5 FE A ELAR der 9 130mm.
R EAYHECH, REEEYS, THEfIHE R ER, AW,

de1z= mz; = 6.5 X 21 = 136.5mm
(3-5)

deo= mz, = 6.5 X 52 = 338mm
(3-6)

(9) Hi%m

FEL YA DR (B DL/ R KB T B me 9, me= “— = 6.19mm.

BURE, I oL HE 56 o T BRI, me=6.5mm.

KIE IR A R, = zme, HMORAF KU T RS 6.5mm.
(10) 7% % Hog

AT ~2 K03, HUEALR 03,

(11) AMERE Re

R, = et _ 1365 = 182.49mm
¢ 2sin8; 2 Xsin21.989°
(3-7)
(12) % b
i N R o SAMERE IR, 1HE A f5b = 54.75mm, [H%, Hib=
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55mmo.
(13) “PH#¥im,,

m,, = my(1 — 0.5¢g) = 5.53mm

(3-8)
(14) P57y R B Ay,
dpy = de; (1 — 0.5¢0Rr) = 116.03mm
(3-9)
dpz = de2(1 — 0.5¢0R) = 287.3mm
(3-10)

(15) DIAAhr 2 Hix;
RN S LA R, IR BN R D) 1A AR A R 8k, = 0.03mm.
R 5 V) R B 2 B, W HAUE, x5, = —0.03mm.

(16) f2MAIAE 1L 4L x

xi= 0.46 (1 - 72 ) = 0.385
(3-1D)
X2= —0.385
(17) KT ha
hy, = me(1+x;) = 9mm
(3-12)
h,, = m¢(1 +x;) = 4mm
(3-13)
(18) Uitk mrhe
hg =me(1+c"—x;) =53mm
(3-14)
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(19) TgC

(20) AR f10¢

(21) HiTiifH6,

(22) TiHESAS,

(23) HHEAO;

he, = me(1 +c" —x;) = 10.3mm

(3-15)
C=C"Xm=1.3mm
(3-16)
0 = arctan E = 1.664°
fi ™ Re)
(3-17)
0 = arctan & = 3.23°
2~ Re/
(3-18)
0,, = 0¢, = 3.23°
(3-19)
0,, = 0r, = 1.664°
(3-20)
8a, = 01 + 0, = 21.989° + 3.23° = 25.219°
(3-2D)

8, = 8 + By = 68.011° + 1.664° = 69.675°

(3-22)

8, = 8, — O = 21.989° — 1.664° = 20.325°

(3-23)
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8¢, = 8, — B, = 68.011° — 3.23° = 64.781°

(3-24)
(24) WIHE EAtd,
d,, = de, + 2h,, cos8; = 153.19mm
(3-25)
d,, = de, + 2h,, cos 8, = 340.99mm
(3-26)
(25) EETEE Ax
Ay, = % —h,, sin$; = 165.63mm
(3-27)
Ay, = % — h,, sind, = 64.54mm
(3-28)

(26) K4y FE R K& s

U
S; = m, (E + 2x, tan o + xiz) = 6.5 x (1.57 4+ 2 x 0.385 x 0.364 — 0.03) = 11.83mm

(3-29)

s, =Tm, —s; = 3.14 X 6.5 — 11.83 = 8.58mm

(3-30)
(27) Koy JE R 5% 15 )5S
_ 5,7
S1 =581 1—6dgl = 11.82mm
(3-31)
S,2
S, =S5, 1—6ng = 8.58mm
(3-32)
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(28) Kty 73 JBE [ 3% thi e,

_ s? cos §,
ha1 = ha1 + Tel = 9.24mm
(3-33)
_ s cos 8,
ha2 = haz + Tez = 4.02mm
(3-34)
(29) I Ih 4 & Ui Hlz,
_ A oes
1T Coss, 0927 “°
(3-35)
2 _ 22 43903
2= Coss, 0374 7
(3-36)

(30) Ui [ H A E S8y o

1
8va = =2y, (tan e, — tana) + Zy, (tan ay, — tana)] = 7.49

2T
(3-37)
VAR
Olyg, = aArccos ! = = 0.58
zy, + 2h; + 2x4
(3-38)
Oy, = arccos e ek =0.93
Zy, + 2h: + 2x,
(3-39)

FHE SR R E NN EAS S, WK 3-2, R, AT R SIHE R B %
HoN/ N 5 R L R HUE
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*®32 FRENHNREASH
WS NEE A KECHIE
il z 21 52
vkt u 2.476
WETE B (9 0
Wi % b(mm) 55
K Bt ity TH] A5 45m , (mm) 6.5 6.5
JE 71 a(9 20
K 43 B 15 B A% d e (mm) 136.5 338
35153 FE I B AR d py (Mmm) 116.03 287.3
IHEFS(D 21.989 638.011
MM () 90.0
AMEERR Re (mm) 182.49
Vil R4 ha 1
TR Z= % C 0.2
TR C(mm) 1.3
i % 2 ogr 0.3
WS m,, (mm) 5.53
PIEEINES o8 0.03 -0.03
AR L x 0.385 -0.385
W0 ha(mm) 9 4
ViR Eihe(mm) 5.3 10.3
Vit f10¢(9 1.664 3.23
Vil A0.(9 3.23 1.664

15



DR N FH B OR 2022 J AR BEL it

TS, (9 25.215 69.675
TRHEF 05 (9 20.325 64.781
Wi T3 B A2 d, (mm) 153.19 340.99
IR Ak(mm) 165.63 64.54
Kt 43 18 145 )5 s(mm) 11.83 8.58
K3ty 43 5 64 5% 147 JEES (mm) 11.82 8.58
Kty 4 & [ 5% 14 =, (mm) 9.24 4.02
i T 24 B i Bz, 29.65 139.03
ity [H] B A5 P Sy 7.49

3.1.3 IS IR 57 38 E R4
gig%/ﬁ:o'}{ < OHp > ﬁﬁ%ﬁﬂﬁjﬁcl{/&ﬁﬁﬂ?

kAkaHBkH(th Vu2 +1

Oxp = ZMZHZEZLSZBZk\/

dm,lbm u
(3-40)
Ao
Fo ChA4r B Ervim f) = 2(;?:? = 11519.4N
(3-41)

ky (A RED H 1.75;

Hi 5 G0k AN R YT 2R TR vy, = 35.055m/s , Bk, (B AR ED) = 1.055, kyge
LA 1.1, kyg = 1.5, kyge = 1.65;

F./be = F;/b = 209.4 > 100N.mm, & Mky, = 1.0;
Wiz At Hzy = 1.62;
RIS P 2z = 189.8\/N/mm?;
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Zg (IRJEf RED , MENRZg = 1:

Zy GENRRED =0.8;

Zis (BT ICRED = 1;

RANFTESH, WHEEMN oy = 1165.3MPa;
VF AN FT o, 24 300 R -

_ GHlimZNTZLZVZRZWZX
GHP =

SHmin
(3-42)
A

Otim /Y AHE IR 55 IR BR ,  Fa R AT R e 22 KR 8 R e 1 =
DT AS HH I I s P AR RN, 7, 2 B AN {E=1300MPa;

Ine N AN, GERUEN LKL, B AERE )
SHmin%%d‘ﬁé%i&’ EX]..].;

Ly Zy L NI e R 5, SERBUEN 1, Zw RS RE, @BETEN 1, Zx
NIRSF R, SBEBEN 1;

RANFTEZH, KiFoy, = 1181.8MPa;

O I H s FE A A% S5 R oy = 1165.3MPa < oy, = 1181.8MPa;

Bizdt.
32 E SR SR IT SR
3215 MR, MBI ZRHIETZHIEE

RS S BN A AR A EHE R 18Cr2NidWA, 1EvH H & &5 kAN,
18Cr2NidWA FIft i o WEME Ry, WrlfEAB MW s L A, T
WS LA ) — L i 58 2 R I & &0 R 2 1) 18Cr2NidWA.

IR R AL TR
K IR 950CT, ik 850T, T

[k 200C, KA. 4.

H AR R B AR, XN TASEEORE, MOEBOIN TRESFH N 5 9 OFF
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W IN T AR RAVE R Z2 AR /N RS 3 A e By s s 2 in 1
WA T A2
322 IE AR EESH
(1) WEHESMB
U IRFE UG R TOMRIE, MRBEM RN RhA ViR BIOARE, WM 02
(2) WM GREER EMENMA) o

FEJ1 RN R EC s, B REURY) . KR G ik ThiAE 4, ffiE
GRERAR. FTUAEE SRS PRI (1 1452 202 25%55) Hig$F 20

(3) iz
T 22 [R A A S ) /NS UG B 20— MEE 18~30,
TR UG AR sh AT B D B, BOREREL, DA R R, RSV E tham s .

WL SR 2.5, RAERBUNEAH 21=20, KIWKH 22=51, —FHRHBUEH K
TN, HE AT

KNEE R E 2 ol 2,55, Ykt u=f£3)tti, = &3l ttis.
(4) Tk R% C

Wt B A AR bR i R TR RILE 28, C'=0.25.
(5) T R EL he

R B AT R bR R TE I RLE 280, ha =1,
(6) 7 EREARd

A5 K3 43 BE R AR -

KT,

G =738 b40H1im
(3-43)
ﬁﬁ:
. AR, ABEIE=2.6;
1:¢w%%ﬁ,Eﬂ%%ﬁ%ﬁ,ﬁﬁ%ﬁﬁﬁﬁﬁﬂﬁﬁNm
oHim: A B HE=1200 N.mm?;
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by: W R, AXA:
by =bi(u+1)/2

(3-44)
AR, R A BLb: A 0.35 ~0.40, biARMELE L 3-3.

*®3-3  biHIbRAEE

b IR TEEAE
0.2 0.5
0.25 0.6
0.3 0.8
0.35 1.0
0.4 12

M 3-3 hikHtb: v 0.35, 115 4d, >106.94mm, [H*E, ¥k R EAZ do
J9110mm. Sy FEE EAAYME O, RGEEUS, FEMTHES R ER, AT

di=mz, = 55x%x20 = 110mm

(3-45)
d>=mz, = 5.5 X 51 = 280.5mm
(3-46)
(7D HiHm
LA HEE AT 5 A LA /N AT 0 DA i i T AR me DA 7
Me = :—i = 5.5mm
(3-47)
H 2% B AT B A 1A R K i T AR B8O E AL, me=5.5mim.
(8) HbiHa
N W,
. d; -; d, _ m(212+ Z5) _ 5.5;( 71 — 19525mm
(3-48)

%, FREUEIThREE, fia = 200mm.
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W LR a Hbi s, HE A f5b = 200 x 0.35 = 70mm.
(10) ATE ha

h, = h;jm = 5.5mm

(3-49)
(11) iR mrhe
hf = (h} + ¢*)m = 1.25m = 6.875mm
(3-50)
hg, =m(1 +c¢* —x;) = 10.3mm
(3-51)
(12) 4tk h
h =h,; + hf=12.375mm
(3-52)
(13) A TIE Ettd,
da, = d; +2h, = 110 + 11 = 121mm
(3-53)
da, = d, + 2h, = 280.5 + 11 = 291.5mm
(3-54)
(14) AR HATde
d¢, = d; — 2he = 110 — 13.75 = 96.25mm
(3-55)

dg, = d, — 2h; = 280.5 — 13.75 = 266.75mm
(3-56)
(15) R EARd,

dp, = d;cosa =110 % 0.9397 = 103.37mm
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(3-57)

dp, = dycosa = 280.5 % 0.9397 = 263.59mm

(3-58)

(16) i 4 & ki Hz,
Zy = z = 21mm

(3-59)

(17) KT ST,
o, = arccos(db1 /dal) = 31.3175°
(3-60)
a,, = arccos(dy, / da,) = 25.27°
(3-61)

(18) P EF Heg
HA BRI E S ey = 0, AT AU E A B A58 A7 v 1 =5 %
(19) ImH EAE e,
AW
1
€ =5 [zl (tanoy,; —tana’) + Zy, (tan a,, — tan (x’)]
(3-62)
A
WA, AERRIET CREHT, T Aol % T o = 20
AN 25, 5 fGe, = 1.208.
(20> Hig 5y BEE U s
s = ? = 8.635mm
(3-63)
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FIHE S R G E =R E RPN EASE, &34, £, AT
W P IRl AUE /N e 5 KRR 3K R HUE .

®34 FHOHER=HENRENRIEASY

WS i 1 K 2
i3l z 20 51
vkt u 2.55
Wi % b(mm) 70
X m(mm) 5.5
JE 71 a(9 20
TR ) Mo, (9) 31.3175 25.27
HUOEE a(mm) 200
53 B A B A% d e (mm) 110 280.5
ViTiire 24 ha 1
TR Z= % C 0.25
AU 0.62
i 8 R Hbj 0.35
Wi T ha(mm) 5.5
AR FErhe(mm) 6.875
215 h(mm) 12.375
W TR EL 42 d, (mm) 121 291.5
WARIA B 42 de(mm) 96.25 266.75
FE [ B 4% dy, (mm) 103.37 263.59
S 4 FE R U5 E s(mm) 8.635
Uity 1] 24 7 i Kz, 21

ST T4 B e 1.208
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3.2.3 AT HIE 7558 B KA
ROZ AR TS M5 57 585, BTl ZRULE 3-5.

* 3-5 Bob: &GPl

(A7 B HUE
K it FH R 1.25
YFs HEWERE 4.27
Pm (LS 12.73
OFp VIS N A 500

AR 25 i 5 T A 2 SR AR S il R 57 5 2 -
m > 12°| <0 Yes
@PmZ1 OFP

m > 4.068
RANSHL, RAERNBE m= 5.5 > 4.068, SV i 57 58 E R A% @ .

3.3 iSRRI SR

331 MR, BB T ZRHIETZHIEE

Bt U 56 A BHEFR 12CINISA BB &80 . DRA RO R B A 52 v 1 o P D 40 1
& T AR

SEAR AR A B G a0 R

Bk BB 860T, K 780T, i

k. 200CT, K& ZTh.

T B T RS BE B R AN s, WO B0 RS BE SR 40 7

WEIN 7k E Rk FEG RS EYa B e m 1.

WHIRAM T BEHTh B

332 HESERIFESH
ERINRGEM KHLARG S, A REUE CnHhaE . PSS FHLK
fF IR . KAL) , A —ERoR, MR, RN TRIKE).
DL B 26 B — e T B A S HLIE, AL ZhHLE 2255 T R B3hML.
AR — W —— I, BT IR B SR
VR T AV i 7 PR A 0 W 0 3 40T P e i a6 5 T, 2 R R 2.
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ARSI A G AR I R R AT BT, AR S TR AL AT

SERITTRR. RBUN, HEER. BWRMELE. Y. SRR, BaBk. fliEE
Gy HEPITEL M ARAEE .

AN A T ZE 0 AR A F A8 . — M2 SR 7E 5000rpm 7247, A S EL 5400rpm i3t
AT, WM AR R BN BT R LA P T np JUI L 4000rpm,  TEIHIZE DA pL iUE A
FHL, N 129kw,

THEAESNEL i,

_np_4000 _
1p, —-;;; —-Eiizﬂi = VU.
(3-65)
CRMESNLE i, LRI REE u, B T
F RN 22 B 475
y\ﬁjﬁ?@ﬁi& Ze: HY zc= 35,
zZc =uz, = 0.74 X 47 = 34.78
(3-66)

(L THEHHA T

T, = 9550 x 2L = 9550 x —— = 228N.m
5400

(3-67)
(2) M ENT D EIREAT da:
A R A ) 1A 98 AR oy — AR 0.4, ELINHEH RA AdHL 766, B R K — R
1.2~2, XEKNRRERE, WO 1.6, VFHEARN ) oypIUHE 860,
HCEA AR B R ELAR d A SR

3 kTL u+ 1
d, > Aa X

* 2
aGHp u

(3-68)

0.4 x 8602 % 0.74
>108.77mm
WP i€ F ahik§e 4 FE R E A% d2 v 110mm.
(3) WL m:

311.6 X228 0.74+1
> 766 X

_dz_110_234
. a4y mm

(3-69)
7%, FEBUMHIEFREREL 2.5mm.
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(4) HERTHE D BB EAT dzy de:
d, =mz, =25x%x47 =117.5mm

(3-70)
d. = mz, = 2.5 X35 =87.5mm
(3-7D)
(5) TF&EHFLEE a:
2.5 47 + 35
a= m(z, +zc) _ X (47 + 35) =102.5mm
2 2
(3-72)

[F%, HY 103mm.
(6) HE LTS ha A THIE BEAR dags dac:

Foz 18 0 [ 530 A A A i v RO FREWTE, FTERASE, BOATE R4, =
1, M.

h, =hijm=1X2.5=25mm

(3-73)
d,, = d, + 2h, =117.542x2.5=122.5mm

(3-74)
dae = d, + 2h, =87.5+2x2.5=92.5mm

(3-75)
() THEERE he AR E BAE dis dic:
2 0 R ] (5] A A7 e 3 v R PR, Frile AR H, ITRR R %L
Cc'=0.25, .

he = (h; + ¢ )m = (1 + 0.25) X 2.5 = 3.125mm

(3-76)
dez = d, — 2hf = 117.5 — 2 X 3.125 = 111.25mm

(3-77)
dee = d. — 2hs = 87.5 — 2 X 3.125 = 81.25mm

(3-78)
(8) HHEA%E
h=h, +hf=2.5+3.125 = 5.625mm
(3-79)
(9) HHEILT b:
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b=bja=0.4x%x103 =41.2mm
(3-80)
G5 B hRAEKC A, 73 b=41mm.
B E SR R SH =R E RN EASE, WK3-6, K, ATl
HUAE 1) ) U o /N 5 KB L R U
% 3-6 Bk R E A S

[TSE e A il 1 Hdh 2
Wil z 47 35
W u 0.74
i %E b(mm) 41
F 2 m(mm) 2.5
JE T3 a(9 20
WA R S M aa (9 31.318
HLOEE a(mm) 103
53 B A H A% d e (mm) 117.5 87.5
ViTi s R e 1
TR %% C* 0.25
T i R H by 0.4
Vi T ha(mm) 2.5
Wi tR =he(mm) 3.125
£ 15 h(mm) 5.625
Wi TR 4% d, (mm) 122.5 92.25
R A B 42 de(mm) 111.25 81.25

3.3.3 W T B E i
(D THESERE EREE T Fe
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2T,  2x228

o= T87sx103 214N
(3-81)
(2) B ERL M mE, RSl 3-7.
% 3-7 FESHEEL
K= K e
Ka 16 FH 2% 1.25
Kv A R 1
Krg W AR A7 7 A R 1
Krq WA TA) 3R T 0 A R 2L 1
Yrs SEHEWIERE 4.25
Ye HEER 0.85
Yg WEE A R AL 0.85
Yx R 2% 1
YNT Ffn 2B 0.95
YsrelT AE X U AR [ £ U R 20 1
YRrelT AH X U AR 2R T 5 150 2R 40 1
Skmin /N R 2
OFE WEH R S il om B L AR 900
(3) TFEVARZS oV H N ) [opp] :
_ OFg YNT Ysrelt YRrelt YX
[opp] =
SFmin
(3-82)
_900x0.95x1x1><1
B 2
=427 .5MPa

(4) AR N S op:

Fy
or = o KaKvKpgKe, YesYep
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(3-83)
_ 52114
T 40%x 2.5

X 1.25Xx1x1x%x1x4.25
= 276.85 MPa< [opp] =427.5MPa

T R M523/ T U SRRV FIISE A B LA U 4R 25 3 3
e R EER
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FNE  HHFNEHARET
4.1 RV LERIE T
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