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CTaTnyeckmn pacyeT n pacyeT cOOCTBEHHbIX YaCcToOT

KoHeuyHble anemeHTbl B APM Structure 3D.
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5-TW y3noBble

8-Mu y3noBble

MNMnacTuHbI

4-X y3noBble

Mupamunpbl

Mekcasppbl

20-Tn y3nosble




Ysne - 8181
Onopet - 81

Yanoesse narpysen - 9
Obvemmsie snemenror - 6400
8-yanoswie - 6400

Marepuanst - 3
Sarpyserma -1

KO ceTka 13 8-Mn y3rnoBbIX rekcasgpoB

CTaTnyeckmn pacyeT n pacyeT cOOCTBEHHbIX YaCcToOT

STEP=1
SUB =1
TIME=1
SEQV (NOAVG)
DMX =.436E-03
SMN =14942

SMNB=~.124E+07
SMX =.113E+08
SMXB=.129E+08

14942

.127E407

Ctatndeckum pacyeT. OueHka pesyrnibTaToB pacyeTa.

NHdopmauma o KO ceTke

TeTpa’apel IInpaMHILI IIpH3MEI T'erca’apel

4-X YII0BBIE 5-TH y3/10BBIE 6-TH Y3/I0BLI¢ 8-MH y3/710BBIE
Koua-Bo yi1o0B 11720 14581 8181 8181
Koua-so K3 56770 38400 12800 6400

10-TH y3/10BBI€

13-TH Y3/I0BBIE

15-TH y3/10BbBI€

20-TH Y3/I0BEIE

Ko/-Bo y310B

85208

88425

41825

30825

Koa-so K3

56770

38400

14600

6400

.253E+07

ANSYS

.7S6E+07
7

.101E+08
.881E+07

SV
(ke

.113B408

APM Structure3D

KapTta cymmapHbix HanpskeHuin no Musecy




== CTaTnyeckmn pacyeT n pacyeT cOOCTBEHHbIX YaCcToOT
TLET Ctatunyeckum pacyet.OueHka pesyrnibTaToB pacyeTa.
Rovs=o 45 u
o = eer0s P, u
2
E 35 - m4-x yanoBkle
g B 5-TW yanoBsle
E I:.:: ’ B 0 6-TM yanosele
E E 26 | | O 8- yanosele
£% , i R o e
;,' ° B 15-TH yanoBkle
E 15 1 0 20-Th yanoBkle
- | ~ § 1 ||
=05 -
NIRTT T | R
BJ Sx Sy Sz Sy Syz Sxz
KomnoHeHThl HanpAMeHUA
'0_49695704 m .291E-03 ﬁ
.485E-04 .145E-03 .242E-03 .339E-03 .436E-03 . _
g
ANSYS APM Structure3D ,
=
5 @ 4-x yanoeele
KapTa cymmapHbIX nepemeLLeHunn %_: S
: S
% 4 @ 13-T1 yanoskle
e MakcmanbHOe pacxoxgeHue pesynbTaToB pacyeTa HanpsKeHUn B §3 0 e
NpoueHTHOM cooTHowweHnn mexay APM Structure 3D 1 Ansys coctaBuno i
8,73% ans 20-tn y3noBbix KO. B abCoOMNOTHbIX 3HAaYEeHMSX JaHHOEe 1 _l J L
. | | -

pacxoxaeHune pasHo 0,1011 Ma. s s s > sz se
e MakcumarnbHoe pacxoxaeHne pesyrnbTaToB pacyeTa HanpsHKeHnn B ———

abcontoTHbIX 3Ha4YeHnax mexay APM Structure 3D n Ansys cocTaBunio

4,8929 lNa ans 4-x yanosbix K3. B NnpoLUEHTHOM COOTHOLLEHNN JaHHOEe

pacxoxaeHne meHee 0,01%.
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OueHka pe3ynbTaToB pacyeTta. PacyeT cobCTBEHHbIX YacTOT

10-yanoBsle TeTpa3IpEI

CpaBHuMBanuch pesynbTaThbl pacyeTa oo
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2 o —— 4 6 K3 ~ - :
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uacToTE! ANSYS APM Structure3D | Ilorpennmocts pesyasTaTos I_I 6 1 - - i 0%
[] Y 7 7 0| 0%
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2 . . H . .
63892 % . o o
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5 o % 0%
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5 % i
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CTtaTtnyeckum pacyeT Tpyosbl

OueHka pe3ynbTaToB pacyeTa. YYeT nons Temrneparypsi

SUB -1 ANSYS APM Structure3D
TIME=1
e
SMN =.110E+08
SMX =.600E+08
OKBUBANEHTHbIE
HaNpsXKeHUs
2 :
KO ceTka of
6-T1 y3Mn0BbIX NPU3M L I

e MakcumanbHOe pacxoxaeHue pesyrnbTaTtoB pacyeTta HanpskeHur B APM Structure 3D 1 Ansys ans 6-Tu y3noBbIX 35IeMEHTOB COCTaBUIO
17,56%. B abcontoTHbIX 3HaYeHUsX OaHHOe pacxoxaeHue paBHo 0,049330 MMa. lNpu 3TOM B OCTanbHbIX Yy3nax OaHHOrO 3fieMeHTa
aevcTeylowne HanpsxxkeHna B Mla.

e MakcumarnbHoOe pacxoxaeHue pesynbtaTtoB pacyeTta HanpskeHun B APM Structure 3D un Ansys ans 15-Tu y3noBbIX 351eMEHTOB COCTaBUI1O
meHee 0,01%. B abCcontoTHbIX 3HAYEHUAX JaHHOE pacXOXAeHNe paBHO 4,99312-10 Ma.

e (CpaBHMBaANMCb 9KCTpeMarsibHble 3HAYEeHUA Ha KapTax pes3ynbTaToB pacyeTa HanpsKeHUn n nepemelleHun, 6es3 ycpedHeHuUss 3HadeHul 1o

y3nam.



CTtaTtnyeckum pacyeT Tpyosbl

.|iII

OueHka pesynbTaTtoB pacydeTa. [encteme nokasibHOW CuUnbl

ji*
In.

3 b ANSYS . APM Structure3D

STEP=1
SUB =1
% TIME=1
4 SEQV (NOAVG)
DMX =.175E-09
SMN =.308015
SMNB=-483. 662
SMX =2286
ik ’ SMXB=3205

OKBMBaAIEHTHbIE
HanpsXKeHUs

Ka CceTka msoe'légvez.l Fum R g Mzzae
6-TW Y3NOBbIX NPU3M P

e MakcumanbHoe pacxoXpgeHue pesynbTaToB pacdeTa HanpsbkeHun B APM Structure 3D n Ansys ans 6-TM y3noBbIX 351IeMEHTOB
coctaBuno 11,07%. B abCcontoTHbIX 3HAa4YeHUsIX JaHHOoe pacxoxaeHue pasHo 0,1132 Ma.

e MakcumanbHoe pacxoxneHue pesynbTaToB pacyeta HanpskeHun B APM Structure 3D u Ansys ans 15-TM y3noBbIX 3J5IeMEHTOB
coctaBuio meHee 0,01%. B abcontoTHbIX 3HAaYEHUAX AaHHOE pacxoxgeHue pasHo 0,00005 Ma.

e CpaBHMBaNNCb 3KCTPEMASbHbIE 3HAYEHUS HA KapTax pe3yrbTaToB pacyeTa HanpshkeHUn n nepemMeLleHnin, 6e3 ycpedHeHus  3HavyeHul rno

yanam.
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-.003001

[ eOMeTpPUYECKUN HENMNHENHBbIUN pacyeT

ANSYS

=-.002573
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CtepxHeBon KO.
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oo APM Structure3D
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[ eomMeTpU4eCcKUn HENNHENHbIN pacyeT

[MnactuH4yaTbin KO.

ANSYS APM Structure3D

STEP=1
SUB =7
TIME=1 W5
vz (AVE)
RSYS=0

DMX =6.794
SMN =-6.218

lNepemelleHus
no ocun Z
m ~2.073 . 690861 ‘
3 -1.382 o .
ITepememenns mo ocu Z. M IlepeMemerna o ocu Y. M
3-X y310BbI€ 4-x y3.10BBI€ 3-x ysnoBbIe 4-x y3noBbIe
ILIACTHHEI ILIACTHHEI ILI1ACTHHLL ILTACTHHEI
ANSYS 6.218 6.220 ANSYS 2,737 2.750
APM Structure 3D 5;215 5;2[,3 APM Structure 3D 2.738 2.741
Morpemuocts 0.03% 0.19% MorpemuocTs 0.04% 0.33%




[ eomMeTpU4eCcKUn HENNHENHbIN pacyeT

ObbemMHble K3.

TIME=1 LY [m)

Uy 9 4598-06
DMX =6.858 0.393
-0.7859
-1.179

SMX =.946E-05

lNepemelueHuna| ['*¢
-1.965
-2 358
-2.751
-3 144
-3.537
-3.93
-4.323
Vindopianigns 4716
Yo - 21997 5109
Onope - 103 .
Ottt e - 4837 -5.502
“ :
mm:w w’ X -5.894
Barpymenen - 1 ‘(T
-6.287
C=] @ Z 1 T
1. -6.286 -4.889 -3.492 ~2.095 -.698437
- -5.588 -4.1901 -2.794 -1.397 .9468-05
\;

ANSYS APM Structure3D
KO ceTka

TIME=1

SEQV (NOAVG) SVM[H/mW2]
DMX =6.858 2441
SMN =896692

SMX =.262E+10 2269

2136
1964

OKBMBANEHTHbIE | [=

1679
HanpsHKeHUs
1374
1221
1069
916.2
763.7
511.2
458.7
306.2

Qx 1537

1144

—— S| T—
896692 .584E+09 .117E+10 L17SE+10 .233E+10
.292E+09 .B7SE+09 .146E+10 .204E+10 .262E+10



A A4 A4
= = reOMeTpI/ILIeCKI/II/I HEJIMHENHbIN pacCyeT
e —
FL =S Ob6bemHble KO.
MNepemeweHna no ocn Z, M
MepemeweHua noocu Y, M
6,420 0,035%
3,000 0.120%
0,030%
0.100%
0,025% 2,950 7
0.080%
r 0.020% 2,900 -
0.015% 0.060%
2,850 +
0.010% 0.040%
L 0.005% 28007 0,020%
0.000% 2,750 A 0.000%
TETpasapel npuamMel rexcasnpel TETpa3agpel npHamel reKcazspel
= ANSYS mmmm APM Structure 3D —k—orpelwHocTs EEm ANSYS mmmm APM Structure 30 —a—TlorpeluHocTs

SKBMBaneHTHbIe HanpskeHus, MMa

2650,000 1,000%

1 0,900%
2600,000 +

+ 0,800%
2550,000 + 1 0.700%
2500,000 + T 0.600%

1 0,500%
2450,000 1+ 1 0,400%
2400,000 + 1 0,300%

1 0,200%
2350,000 +

1 0,100%
2300,000 A 0,000%

TeTpasapsl npHamel rexcasgpsl

E ANSYS o APM Structure 3D —a—MorpeliHocTs




dun3n4eckMn HENMMHENHBLIN pacyeT

T2 2% MnactuHyaTbI K3.
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Mepemeluenmn

7 x
A
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CHCTEMa KOOPAHHAT
o e
FMpoexwy Ha 0o TCK (Cbepuueckie KoopAUHETE!
| NSNS —— |
w0 ] veamn e b -.055811 ~.039865 =.023919 -.007973
ar N -.063784 -.047838 -.031892 -.015946 0
ZH Phi, rpaayc 180
z
¥
[ ANSYS APM Structure3D
SYM[HAm2]
1212
HanpsxeHua, MMa
300 3.00%
250 1 2,50% 3
2901 200% OKBMBANEHTHbIE
150 1 1.60% HanpaxeHund
100 1.00%
50 4 0.50%
0+ 0.00%

SVM SX sY SXY 113545 SVMIH/ MM 2

«500E+07 + S06E+08 «961E+08 .1 +09 +187E+09
.278E+08 L733E+08 +119E+09 L164E+08 +210E+03

[ ANSYS s APM Structure 30 —s—TorpeluHocTs




dun3n4eckMn HENMMHENHBLIN pacyeT

ObbemMHbIN K3.

UZ[mm]
0.3107

02715
0233
01942
01853
01185
0.07767
003863
1963613
Vanw - 4040 g -0.03553

Gnap - 480
OB6BEMHBIE 3NEMEHTEI - 40000 = _
8-y308kIe - 40000 T -0.07767

JIABAEHME Ha OB BEMHEIE JNEMEHTS! - 3000

e o1
-0.1553

¥ 01942

-0.233
2718 [MNepemelueHne Boosnb ocn Z

-0.3107

Vingopmauma

LI nama]
2.814

2637
2.46
2283
2.108
1529
2500 1.752
1575
1.398
1221
1.044
0.5665
£ ' 0 6355
05120

0.3358
0.1588

o119 [NepemelueHne Boosb ocn X

210

QL - o=

007 7 £



dun3n4eckMn HENMMHENHBLIN pacyeT

ObbemMHbIN K3.

SYM[HA2]
2818
2722
2627
253.1
2438
234
224.4

MepemelwweHHa , M

2149 3.50E-03 6.00%
2053 i
1958
1862 3.00E-03 | 1 5.00%
178.7
1871 2,50E-03 +
157 5 + 4.00%
143 i +
1364 2,00E-03 1
1289 + 3.00%
OKBMBANEHTHbIE HanpsaxeHud 180803 1
T 2,00%
1.00E-03 +
5.00E-04 + T 1.00%
HanpsxeHua , MMa 0,00E+00 4 0.00%
Usum UX Uy Uz
7.00%
= ANSYS mmm APM Structure 30 —a—T[lorpewwHocTe
r 6.00%
r 5.00%
r 4.00%
r 3.00%
r 2,00%
r 1.00%
r 0.00%

SX SY 57 SKY SYZ SXZ

= ANSYS mmmm APM Structure 3D —a— MNorpewHocTs




SVM[HAW2]
223

209.1
195.2
181.3
167.4
1835
139.6
1257
1.8
9791
04.01
7012
56.22
4233
26 43
1454
0.6401

z

-3

KO ceTtka

OKBUBANEHTHbIE HanpsxeHud

dun3n4eckMn HENMMHENHBLIN pacyeT

ObbemMHbIN K3.

2500

2

HanpsxeHus, MMa

350,00

SX SY SZ SXY SYZ SXZ SVM

= ANSYS e APM Structure 3D == TlorpewwHocTs

5.00%
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== dun3n4eckn HENMHENHbIN pacyeT

. o

FEET Ob6beMHbIN KO3.

UZ]u]
UY[u] B.16e-07
Rt 00007147
5.746e-05 000143
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4.998e-06 0003577
3.748e-06 -0.004292
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3 748606
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B 74608 001073
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Ux[Mé 006769 0,012 0.05%

00005923
0.0005077 r 0,04%
00004231 0,01 1
0 0003365 r 0.04%
0 0002538 0.008 T r 0,03%
0.0001692
B 462005 L 0.03%
1084813 0,006 +
-5.452e-05 L 0.02%
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-0.0002538 0,004 + - 0.02%
-0.0003365
-0.000423H 0.002 r 0.01%
-0.0005077 L 0.01%
-0.0005923
0.0006769 04 | 0,00%

usum UX Uy Uz

MNepemelueHne Baonb ocn X
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