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V.V. Sokolov, S.I. Voinov, J.V. Agashina, P.Yu. Antipov, O.A. Golishev, S.V. Dolinsky. Technological Design

of Small-sized Carbon Fiber Parts with Complex Geometry Used in the Features of Unmanned Aerial Vehicles
Design

The process of technological design of small-sized carbon fiber parts with complex geometry is considered. Approach
the placement of splicing points of woven blanks when laying out a preform are presented. As a result of the studies carrie
regularities were established that relate the number and location of splices in the reinforcing layers of CFRP andats mechan
characteristics (tensile strength).

Keywordssoftware Fibersim; carbon fiber reinforced plastic; splicing of layers.
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khkeh gHchf Ijbg_kdhighc ey kibehlgeolZl evgiioZjzZlh\

Technological design of carborPber parts
with a complex geometric shape for unmanned aerial vehicles
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<A"NZgghg[hljZzkkfhljijghp_klk ogheh]lbqg_ikdhbibjh\Zgdbgh]Zz[Zjblgpde_ieZklbdh\liee _c
khkeh gHchf_Iljh bkihevam \fdlogkljmdphdbehlgaiolZl_evgu@jzlhYj_~klzZ\e_iq®oh"d
jZaf_s_ghxkkjZsb\zZdlkehyp nhjfuMklZgh\eafdhghf_jgh\Wldu\Zxshebq_kjWwkiheh  _gb_
f_kkjZsb\zZgjfbjmxslkehyw]e_ieZkbbdlZ_oZgbq_&dbZdl_jbklbdb

Dexq_\kie h\dbersim,m]e_ieZklbdh\degbbZpbhgghélgZqg _ighgyghklv

In this paper, the process of technological design of small-sized dalpkoiparts with complex geometry used in the design of
unmanned aerial vehicles is considered. Approaches to the placement of splicing points in preform layers are preserites. Regular
have been established that relate the number and location of splicing points in the reinforcing layers &beantmimforced
composite and its mechanical characteristics.

Keywords Fibersim, carbotpber parts for aviation purposes, strength
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>eymemqr_gblgh ogbq_kadbj@zdl_jblkidfthe I\ hkgZkligbbkoh”bljZah\ZzgbeZ M pgZaju\h\ldZghf
fbjh\hfZ\bZkljh_ghjlhdtbkihevamxhleypf_jguwhf fZl_jbZ@@bkl), ZIZd hldehg_bgbaZz*Zgdhb_glZpbb
ihabpbhgdg@l_jbZguDF). HI_q_kI\_ggWyZpbhgoiyl.dMdZazZgdun_dlmkljZgyxikij_~kli\mhjfbjh
ijhfure_gghklkd klj_fblkdm\_ebq_¢beldhfihab\Zgb¥jfbjmxs_klehy |Zetbag kdhevadlhlIh\dgzy
pbhggudl_jbZehVeZg_jkbd\j_f_ggli@ "ZgkdbodhlhjugZsb\Zxlfky*mh[hél[jZamxsbkdkeZNET " _
\h_ggk&fhe_ [H\ GZhkghVDF ijh_dlbjmxbklyath \hafh dlunj_azZkihke_ "mx&«hpZsb\ZghljZ aZ]lhlh\db
IZ\eb\Zxlklykkbckdb kibehlge_1Z1_evgiiiZzjZlu\*heesbghgZ "j. &ZZsb\Zdggfbjmxs finl_jb zZi¢Zg-
(;1E:) deZKKALE (Medium Altitude Long Endurance kj_"g_ijZ\bevghfroh™d\udezZ”d_nhjfuh _IhdZa#glviz
\ukhlgulthevrhighhe bl_evghhlev3lz Ib\ghlebyghgZijhgghklgozZjzdl_jbkldbrfihablghc

= N _1Z¢D5]. Thwihfma]lhlhle gbZebea DF khijy _gh

kj_r_gb kfeh ghcogheh]bqgakdZehh*hklb™ _gbix
IbfZevghmdezAd&E ghb k[hjdij_nhjfulh_kl¥Zdhc
mdez”dblhjZyhalhelibgbfbabjh\inh_jxijhgghklb
mle_ieZkbbalZebadhjZkiheh kjdgbad Z ¢d.c

P_evygZklhysjZlhlu\eyehikklZgh\e agldhghf_j
ghkl_&\yaulZxspokiheh  _dbklkjZsb\Zgbyjfb
jmxsba&ehymn]e_ieZkbbdaijhqghklgazjzdl_jbklbdb
ijbjzZkly  _gbik Zlhbkzl1zd hp_gdhn_dlb\ghkhb
ebggulb_ogheh]bq_jkdbgbdh jzaf_s_ghotudh\
kehybDF gZijbf_j_"~_1ZeieZg_jAdE: khkeh ghc
]_hf_ljbq_ldbthc

Wdki_jbf_glZeZkly

<dzZqg_kRn[t_dlZkke_"h\AgE¢hlbkihevah\iZei
fh\Zzggd_lh"hfZdmmfgbomahpe_ieZklbdéXklbgu
b _1ZegzhkghyZ\ghijhgghte _jh~¢gdzZghzjd 22502
kzj _\hihj_ie_I_gjdywa\h*"kHEHAKBI|_d#$Z

KjZsb\Zgt#hjZ_ \F ijb \udez”di_nhjfluihegyehkyv
«\klwd Ih_klkihkh[hfbdhlhjhdjZkh_~bgy _Ifdioguo
Jbk1. > _n_dlun[jZamxsb iky mdez~@jfbjmxs_¢dzgb aZ]hlh¥iddmxIfky *nkh[hc
\ hkgzZkldnbohlh[jZ _ghib fh~_ebjh\ZgbbH Fibersim: <1Z[ebpijb\_~ dikgh\gu dklbevgdjzdl_jbklbdb
:—kdezndZ jzaju\ldZghfizl_jbze_ bihdZzazl2gbibjm_fhKjb"_evghe¢j_"mij_"~Zxsbhc
Dhfihablg0_|ZebhE: deZkMALE o0Zjzdl_jbamxhlet_nhjfZpbkke_~mldhAgb_~_evgm¢he nhjfz
fzeufgzaf_jzfbkeh ghchf_ljh_gdhkhanzhilj_»_ pbbm]hfe "*ngblyfokghWwmidgbrhklib™_gdhdhjh]h
e_ggujim~rghkiib \udeZ~keh_iy_nhjfuljb mdezrdjhbkoh/MjZah\ZigdeZ tjb *mij_""Zxsbkh® nhj
Zifbjmxs flol_jbZeR) gZ_hf_ljbqg _kelb gumgzkldbZpbjpZz\_gheh\bg_"_evgm]eZz
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LZ[ebpZL _dklbevewZjzdl_jbklbdbdZzazl ~¢bibjm_fhkilk ZIbbhghlhgghb Z 1&®5 b20% khhi\_1kI\. ¢gH Z
I'dZ g22502. gh\e_g@Zdhghf_jgheklbnmdblu\Zjwijh_dIbjh\Zgbb
Lbi l Ih\_jogh!lj_~mij_"~Zxsbclj_~ evgug¢ dhfihablgudZeihkj_~kI\W_"_gblyihegbl_eVvgiko
g

ie_|_gbkigZiehl mlhe_nhjfZpbbnlhe nhjfZpbbjmxsb&eh,_dhfi_gkbjmx&igdb _gb_oZgbq_lodidd
IdZgh ghk,|¥f2 liz» liz» |_jbklH®F baaZebadhjZkiheh kj#gshdZgbc
KZj Z 200+10 27 54 1
<dzZq_kR\yamxs[lrAu[jZg®ihdkb"gihe 67 Gep/Onex

ijhba\h"kHHEHKBI_d$zHij_~_ e gjlhgghkijbjzkty 0o | !
‘_gbbuihegykkhhl\_lkl¥HKLU56785-2015g Zh[jZa ’

PZ&]Z[ZjblZa0x25ff. Hij_~ e dgjthqghklpb k Z 2
Ibb\uihegy®khhI\_lklkHHK L156788-2015g zh[jZapZo 08 -

k]1Z[Zjb1Z300x36ff. JZajmrZxdtkiulZgbljZapijh n - -

\h~*bedzbkiulZl_evigdrd gTinius Olsenk _jb®T. L_ogh
eh]bq_kdjth_dibjh\ZgthfihablghclZetihegyab 0.7 1

ijh]jzffghh[_ki_q_ ¢l Fibersim, dhihjhfh” _ebjm _|I
mdezZZdibjmxs_fiAl_jbzZeBkgZkldhgghH ihath 0.6 -

ey h[gZjm bkjfbjmxsb _iky\udezZ”8_n_dluih

Ahjziv_Ilhrdeywomkljzg.gbywmevlZhtf_ebjh\Zgby

yleyxlkyZggun]_ hf_ljbdzZ]hlh\imthjfbjmxsbajfb 05 . . . - '

jmxsb kehB IZeWlIb*Zggui_j ~ZxllgZjZzkdjhcguc 0 2 4 6 80
dhfie ,dkpihfhskhlihjhaZ]hlh\dp_azZxlkghehlgz P

Zjfbjmxs _flhl_jbZeZgguZd hlkueZxik3eza_jgmddki AZ\bkbfhkllghkbl_evighgghklfjZzaphDF gzhkgh
ijh_dpbhggmm_,fmﬂhjz]yh[jz‘Zg_mngkkbﬁbfu_\_lengOZijbk‘ZIb@.)ijkIy‘_g(QbhIdhebq_klk‘st_—g
ebgb(hhglmajZ]hIh\Ih'd\udeZ"ajZ_]hIh‘H"[gki_qb\Z_gk'%?keh_mka'thOff'_ _
kh\iz~_dldhglmd&hglmjhjfh_pbjm_fuhkgzkl@az ?kebjbludez”djfbjmxs_kbhyhkgZkldtkeh ghc
jbk2 ijb\_~_gahlh]jZntbeexkljbjmxsjhy dpbhggrxhf_libijhbkoh*jdajuldZghh~ey |hmkljZg_yby
\udezAdimfihablghdZeb ahgknhjfbjh\Z\r_]hky_dhzdeZNu\@kllZ\dm [dZ

_ gmazZlhlhgdmhevrhiPaf {(hkjzZ\g_ghkxm]bfbdzih
Ih\dzfb[jZamxsjdbjmxskehcKms_klI\_gguth
KIZIdRZgghithkhyXey lilyglh dZ ~hkehij nhjfu
gZebadpZkklhydpmhlghkbl_eymAzhjfbjmxIkyz
f_kIEjZsb\Zglhy kivdhfihabIm”mjlokmlkl\h\Zd kb
kKiZjguflkludzfglthljbpZ|_ ekwdd 1% Jijhqghklb
>eyhp_gidbygldhebq_ Kij\Zs ggki®h, Rh*_j"Zsbo
[ebadhjZkiheh iZjgw kludbgZijhqghkIDF [ueb
balhlh\elQkiehcgh[jZakjZaebqgaguf\ khhI\_Tkl\bb
khko_fzfhb\_~ ggudBbk5. GZbk6, 7ij_~klZ\e_gu
ijhgghklgazjzdl_jbktEdlywhdjZaph\

00 90
- . - 5 [ 3 ]
Jbk. Nhih]jZnbph _dpbhgghdeZ db IZethglmjZ]hlh\dl =2& oo = = o=
ih~"k\_geda_jgujfh_dlhjhf 1 - —
J_amevlZlu B %0 ~ S0

ljb mkljZg_@bh_dihhagbdZxgalZ bludez rd _ "~ I Z 1
A |Zekbkeh ghlc hf_ljb o \k_]~vhafh gjzag_ ki3 = =—
f_klEjZsb\Zdblehyip nhjfiyZzagZqbl_ejgiklhygl SO o —
Aimhlghkbl_eNjgH ZVIHjb\h~bd Ihfmglhahgizhki_ 5 - on -
“hihg_dgbklkjZsb\Zgfthy _IkhklZ\eylg_100 ff. < ¢ =ooz == — —560%
wlhkemqiZbjZaf_s_gllodhg_e_khh[jERihtevah\: = =005 00—

|_ogheh]bq Kodrhy_"klZ\e _gg@#ixk3. >ZggRy_fZ ;5 | ogheh]bq_kdbfujzkiheh' gbZjguokliudh\\
iha\heyZhghf_jghag KIkIRjZsb\Zdgjfbjmxsbqgo.kencghfjzap” | h[hagzqfgklZjZsb\Zgby
kehy®Fgz]jZgbg_gbohebgnqzkld_

Ocp/Onex
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JbiB.L_ogheh]bq kiodZiZ kiheh _dbkjZsb\Zgbt-kehc
ghfh[jZap_ahgizhkj_~hlihqfghlkjZsb\Zgby 0.0 P
GZbkaij_~klZ\e agahbkbfhikiphkbl_evighgaghklb Honep cxep

(%{1lpko hlighr_gbjhgghkible_ieZkkhkiZs_gguflibke. Highkbl_evigAgghkliyb jZkly ' _ghlkehcgiudjZa
kehyfthijhgghkhble _ieZklbjdBjh\Zgghlhj_julgufph\IDF gZhkghVdZg®2502,kh"_j ZshBaebqghhebq_klI\h
ldZguffZl_jbzeh{jZaphdF ijbjZkly  glbk Zlbbl kiZs_ggkeh KlebadhjZkiheh' _ggughfbkiudZtb
dhebq_ Kd\Zs ggleh. \jb balhlh\e lghEZaphiez Bajbkmgdbh¥Vghhlhkm\_ebq_dglhebq_KjZs_gguo
bkihevahlZgg@heh]bqgk@&d#ih dZa Z gggdyk3. keh,_ kh”_j"Zshdjgu kludbgZ[ex~Z_lkg”"_gpihy

Bajbk4 \brghlglhkm\_ebq_glhefbq_ Kd\Zsb\Zglblc kgb _ghixhqghklgodjZdl_jbkdbftihabpbhgtllh
0 "h10 ijhgghkhv]e _ieZklbdhjZ@aphjb jZkly  gbb jbZedjb gZebqgbdjgudkludh\ dZ *hkeh|IDF _]h
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ijhgghkiyb jZkly _ghbbk ZIbtkgb Z_Ikyghkbl_evghjzdl_jbkluehbalhlh\e hgizapwkhhl\_lklWko_
ijhgghkhble _iezklbjdBjh\Zggglhj_julgukehyfb fZfbijb\_~_ggudBbkl0.J_ameviZlajmrZxslbloiutz
g8 b30% khhi\_IkI\_ggh ~"nmhif_Iblyglhy y\ey lkgbeZgghdjZapiibjzZkly _gibk’ ZIbithdZaZgdb k11.
[he_am\kl\bl_ew@hZdl_jbklddjokmIkI\kxZsb\Z 00 o0
gbd kljmdIinh[jZaphikjZ\g_ gk Kjz\g_gjbam > [ |
eviZlhdkiulzgthdjzaptalhlh\e _ggkbhl\_lkl\lbk /=2 =
|_ogheh]bq_kobflzfbdl b2, ihdZaZehijb bkihev = =
ah\zZgbbklZzZ\krdkms_klI\_getbyghgZijhqghkIDF . 100 . . w00 -
hdZau\zhdh _gkehkizZjguftkludZzfokljmdIndhf
ihablZzdijb jz\ghtihebq kdéh RiZjgufkkludzft =2
h[jZza<pijh” _fhgkljbjh\eerrmixhqghkdZ djbjzk
ly' _gbkzdijbk ZIhbhkjz\g_ghhk[jZaph?2. JbKIO.L_ogheh]bq klodgZkiheh _gblylZ\?d10-kehcghf
h[jzap”_kehclyley_ lkl\_joghklgkkehc5—ijbe_]zdl
iehkdhkdbff_ljblbhfihahlZz
1
6,,/0,

cp’ Yuex

~ Nl

= fo3]
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= o
=0 o

il
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0,8

Jbk7. Highkbl_evgihgghklib k*ZIbho-kehcgum[jZaph\
IDF gzZzhkgh\dZgb2502,kh™_j"Zshbaebqghhebq_kkj&Z
s_ggukeh K[ebadhjzZkiheh _gg@gudbfbkludzZfb 0 1 2 3 4
. gze\b,\d)Z]JZfJkaly\_gunyhlh]Jzn.bZ:aJmr_gg}m HOMCpCJ‘IOHCHaprlMMCTbIKaMM
jZkly  _gbpjZzaphl, 2 iha\hetej_"_ebflvoZgbB®d ;5119 Az\bkbfhkibghkbl_evighgghklifb jZkly g lb
jZajmr_givhajZklZgpZfimaydh[jZa<p ijhbkoh”bl k- ziphE) mlje_iezkIbdzm[bgaZe ]Z&kh¥s_ggkeh R
hlkeZb\Zlghh xsboZjgukludbh\_joghkldked, §lh [ebadhjzkiheh' ggudbfbkludzZb
\brghh nhih]jZnpbajmr_gghlliZ apjdk8) bgZebagbx Bgbkmgdbz2glylaz\bkbfhikhgghkthhjZapdzdb
0Zjzdl_jgbpijb283dGg2rbZ]jZffZkly  _dblyk9). jzkly  gbbdijbk ZIibhi]em[bgaZe ]Zkj&s _gguo
ljb"Zevg_cihklgZ]jmad®,0dGh[jZaipajmrZ. lkyeh nf_ wdklj fzeva@pzdl KZfhgbadmgzq_gb _
libgZ]jm _dlipZapZ\f_klZj@kiheh  _Bh&sb\Zgb¢inhqghkligwzjzdl_ jbkgtzdex”Z liky jZkiheh _gbb
dhihjuihkmllyleyxIdyogheh]bq_RdbfldlZ§Zgb «\k|z\sd ijbih\_joghklkebym]e ieZk(be&bk 2),
gZ_lKk¥a\blbhi_j_qghjc sbgudhlhjZy\j_""Zik qipdzd\ij_~u~msijbf_j_h[mkeh\dj g _\j f_gguf
\_joghkldgehiylhijb\h~bdiheghfidajmr_gihlZapZjzajmr_gh_fuj\g _rgbloeh(Rehd2 bl). Ijbjzaf_ s _
JZagbpzihqghkrtzggum[jZaphimkeh\el_gAlhm gpp\kiz\hideb  diehkdhkiibff_IjbtshfihablB_klv
h[jzapZ g2 _j\hfwlZijZzajmr_dteyZ[hlbkdexqZxlkYehyot b3, f_0zZgbqg_ kuhidhZazZlhgjtzaphhajzklzxl
"ZehyhklZevdph~he Zxhijhlb\eylgRyjmadh |jp wihffzajmr_gble ieZklEdZgZqbgZ \IkyklZo
\j_fydZd[jZa<p _"bgh\j_f_lggndi\g_rghbloehy kjZsb\Zghy
lj_~klZ\e_g@Zdhghf_jghRKkdh[s__ij_~klz\e_gb_
hl_g”_gplodb _gbyhqgghkIDF ijb kjZsb\zZgtjz _\
ldZgubehl_IghgpbibZzevgzpzdlbgf g_gjhygghklb
ih\k_db~bfhklpm”_H~rbgZdteydhfihabpbhggi-o
jbZeh\k_dbih\>eym]e_ieZkllg@hkgh\ldZg?502
mklzZgh\e_@@uhghf_jghtkdbhekl\ukhdhthklh\_j
ghklvikjh]ghabjh\@hgghkfZl_jbzZ&zazZ\bkbfhklb
Jbk8. Nhlh]jznhgajmr_gghlhzapalhlh\e ggtjhhi\- | dhebq_KI\WkjZsb\ZgWgy k_gdujp nhjfm

kI\btkl_ogheh]bq_kal hféxcl. G4bkl2zihdza¥lgehcguizg]hmeézZg_jiZE:, \jZ bmk
guamhg@dlhjhifbnhjfbjh\Zgbbd "hPifbjmxs _Rbhy
40 ! bap_evghe&]hlh\tjZamxIkZajuludZgth kdez”db
2/ glhihA\_j"~Z JkeamevIZfAfb ebjh\Zmodg Z4dbn hj
fu \ I HFibersim.

30 MAZe &beZ™highp kkha’Zgbggheh]bq wedhd

jhgghth”_eb_|Zelbkms_kl\eihekh "kI\h@iiheg_gby
2 hi_jZpbozZ jp.KmIvZgghd_jZpalZzdexqz\ key ~m
xs_fazlhlhgdzj_az\ by n_dIZ djZkludmxlky
\"heebgbpz"j.aymkljZg_pgbyju\h\idZzghffZl-_
10 jbZeijbijh_dlbjh\Zglkeb A1, 3, 5[uebbkihevah\Zgu
«\klz\dbkehb2 b4 nhjfbjh\Zeblky_kdhevad]hlh\hd
kludm_fdo "mkh[hd f_klZ&[jZah\Z\rbokwpn_dlh\
0 (jbk13). Ijbf_g_glhf[bgbjh\Zdgbgheh]bqg klkdlia
0 0.5 ! L5 2 25 3 33 (\dexqzxs\kc [ibf_ g gdklZ\hH" e ghjfbjmxsbo
Hepevemerme, mvt o h g\zg _kdheadhhlh\hdynkljZg_jgbaju\RA\IdZghf
Jbk9. >bZ]jZffuzkly _glyjZaphdalhlhle_gdwkdhi\-_ 1 fZ| jbZehalhebjmag_ kfibklZjZsb\Zgbiehyig -
kI\bikl _ogheh]bq_ kidd fiZ fol (1) b« 2 (2). nhjfurjmhighkbl_ejmigdjb_fe fhZzkklhydtZdbf
>eynklZgh\eagbhghf jghkkiau\Zxsheh  ghkeh \h[jZahhkj_~kI\thi*_ebjh\Zgley ieZklbdhXigJthmlZz
kiZjguflkludzfibkljmdIimjle ieZkbbdBAjhqghklgu\ IHFibersimih~I\_j"~_wHAn_dlb\gbkikevah\dghbx
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L ogheh]by nhjfh\Zgby m]e ieZklbdh\uo ehg  jhgh\ A\mlzZ\jh\h]h k _q gby
lhqghklvx “ey i_jki_dlb\gh]h ;iE:

WIlZiu ba]lJhlh\e _gby ehg jhgZ

> >

1,2+ iZd lukeh 7% [ZedBb: mihjQi+ pmeZQZ mih] <t

< jZfdZo jZajZ[hlZgghc | _ogheh]bb ey ba]lhlhl\e _gby ehg jhgZ bkihevam_Ilky,
hkgzZzkldZ dhlhjZy kddkhiklgih\guo dhgkljmdpbhgguo we f glh\ ihke_ "~h\Zl _evgh
kludmxsboky f_""mikH[hc mdez~rdb izd_lhytkkeHhf we_ f_glu hkgZkldb
kh[bjzZzxlky kaZ*"Zggufb aZahjzZfb hij_~ eyxsbfblhesbguihehd bkl gdbehg jhgZ

Kl _dehieZklbdh\uc
h[jZza_p




L ogheh]by ba]Jhlh\e _gby dhfihablghc dhgkheb djueZ fZehjZaf_jgh]h [_ki
ZiiZjZIZ

L _ogheh]by \ jZfdZo h~rghlh nhjfh\Zgby iha\hey | iheghklvx ba]hlh\blv\ZAfbi hie[h jdja
hkgzklgbf g gb_jZajz[hlZgghc | ogheh]bb kihkh[gh h[_ki_gblvk _jbcgh_ijhba\h~kI\h \u

Ko fZ balhlh\e gby dhfihablghc dhgkheb djueZ \ ki _pbZebabjh\Zgghc h



L _ogheh]lbb mevljZa\mdh\h]h dhgljhey
ijb ijhba\h~kI\_ b wdkiemZIZpbb :iE:

>ey dhgljhey ~ 1Ze_c¢ b Z]j_]Zlh\ ;iE: ©Kdhjibhg? b
©Kbjbmk?2 jzZzajzZ[hlZgu | _ogheh]l]bb mevljZza\mdh\h]h f _[h"Z
dhgljheyajZ[hlZggu_ | _ogheh]bbiha\hey [Ij rZlvke_ _"mxsb_
aZ™"Zqgb

- dhgljhev balhlh\ebaggebf jguo dhfihabpbhgguo
fZl _jbZeh\ ™ pbZgZebqb_ "~ n_dlh\

- dhgljhev de_ _\uo kh_"~bg _gbc \ijhp_kk_ k[hjdb Z]j_]1ZIh\
ileZg _gZgZebgb_~ n_dlh\

- "bZ]ghklbdZ 1ieZg jZ ba” _eby k p_evx \uyle gby
wdkiemZlZpbhgguo ih\j_ "~ gbc



