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TOM TAT

Két cdu composite nhdn duwoc bang phwong phap quan (tru, cau, xuyén,. ..) dugc dung trong
nhiéu linh viec. De tao thanh két cdu, soi dwgc tdm nhya va rai lén khuon quan theo quy dao trac
dia hodc phi trdc dia. Quy dao phi trdc dia cia soi la quy dao phi can bang, tire la, soi co xu
hieomg trieot ngang. Xu huéng truot soi dwoe danh gia qua hé sé trieot (3), la ty sé giita do cong
trac dia (kg) va phap tuyén (ky), A= kg/kn Khi gia tri A lon hon gia i cho phép ([1]), soi sé bi
trugt. Trong bai bao nay, tu ly thuyét quy dao soi, phuong phdp do hé s truegt cho phép dugc xdy
dung, dong thoi dw bdo sai s6 do xét dén anh huong cua bé réng bang quan. Tir do, khudn quan
duwgc thiét ké va ché tao bang nhwa POM cho tién hanh thi nghiém. Thuc nghiém duoc tién hanh
trén mdy qudan MQC-01CT, vit liéu qudn la soi thity tinh ¢6 bé rong bang soi 6 mm dwoc tam wét
bang nhiea €poxy. Két qua cho thdy, hé sd trueot cho phép trung binh [1] = 0,195 véi sai s6 A =
0,063%. Két qua la co'so dé xdac dinh hé s truot cho phép trong cdc truong hop vdt liéu composite
va khuén quan khdc nhau, dong thoi, gid tri do dac la co s¢ dé todn két cau-cong nghé qudn vit
liéu composite twong ung.

Tir khéa: Hé s trugt; Hé 6 truot cho phép; Quan phi tric dia; Két ciu composite tron xoay.
1. PAT VAN PE

Thiét ké, ché tao vo composite tron xoay bang phuong phap quan di va dang 1a cha dé thoi su,
thu hut nhleu nha khoa hoc quan tdm giai quyét. Theo mo6 ta toan hoc cua quy dao soi, c6 hai kiéu
quin 14 quén tric dia va quén phi tric dia, & d6, quén tric dia 12 k¥ thuét rai soi 1én bé mat vo ma
dudi tac dong cua lyc cang soi, thanh phan Iyc ngang tac dung 1én soi bing khong, tuce 13, soi
khong c6 xu hudng trugt. Tat ca cac truong hop quan khac déu xép vao ky thuat quan phi tric dia,
ttc 1a soi khong nam ¢ trang thai can bang 6n dinh nhat va ludn c6 xu hudng truot. Dang két cau
dién hinh nhét st dung k¥ thuat quén phi tric dja 1a binh ap luc duoc ché tao tir vat lidu composite
dang tru c6 hai day voi ban kinh 15 cyc khac nhau thi mot trong hai d4y bat budc phai sir dung ky
thuét quéan phi tric dia.

Mot tham sb dic trung cho tinh todn két cAu cong nghé quin phi tric dia 1a hé s6 trugt (A). Theo
1y thuyét quy dao soi, hé sb truot 1a ty sd gnra do cong trac dia (k) va do cong phap tuyén (kn) clia
quy dao soi tai diém dang xét [1, 2]. R6 rang, hé sd truot 1a tham sb phu thude vao déc trung hinh
hoc ctia quy dao soi, tic 1a, phu thuQc vao bién dang hinh hoc ctia bé mat vo va cach rai soi 1én bé
mit vé. Nhu vay, vdi moi bién dang hinh hoc vo va dang rai sgi duoc dinh trude s& c6 mot gia tri
hé s6 truot nhat dinh. Dya trén 1ap luan nay, néu xay dung bién dang hinh hoc vo bién thién va
dinh trudc mot kiéu rai soi s& tim duge quy luat quan h¢ gitra hé s6 truot va tham s hinh hoc cua
bé mit vo. Tir do, co thé c¢6 thé dung thuc nghiém dé do dac va tim dugc gia tri toi han cua hé sd
trugt (goi 1a hé sO trugt cho phép) ma 6 do soi chuyén tir trang thai on dinh sang trugt. D6 la ly
luan dan duong cho viée xac dinh hé sb truot cho phep trong k¥ thuét quéan phi tric dia.

Vé mat ly thuyét [3, 4], hé sb truot chinh 14 hé sb ma sat tinh giita soi (dugc tim nhya) va khuén
quén, tirc 12 hé s6 truot cho phép phu thudc vao vat li¢u lam khuon, loai s¢i va trang thai soi (thm uot
hodc kho). Vi vay, khong thé xac dinh hé sb truot cho phép chung cho tAt ca cac loai vat liéu soi va
khuon, ma chi pht hgp cho céc truong hop riéng dé phuc vu cho bai toan thiét ké - cong nghé cu thé.
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Tir phén tich trén, bai bao ndy trong tdm nghién ciru xay dung phuong phap xac dinh hé 5O
truot cho phép nham phuc vu cho tinh toan thiét ké-cong nghé quén binh chiu lyc composite. Bén
canh d6, dé hién thuc hoa phuong phap, mot thue nghiém duoc tlen hanh do hé s6 truot cho phép
ctia vat liéu composite ¢t soi thity tinh/nén epoxy voi khuén quan bang nhia POM.

2.COSOLY THUYET
2.1. Quy dao soi phi tric dia
Xét mot soi dat trén bé mat vo cong 10i, chiu tac dong cia luc kéo soi f nhu mé ta ¢ hinh 1. Do
tac dong cua huc f, soi s&€ chiu c&c phan luc cua bé mat vo dugc phan la 2 thanh phan gom thanh phan
luc phap tuyén f, va thanh phan luc tiép tuyén f ,voi bé mat vo. Can bang luc tac dung soi ta c6 [1]:

fr.Ry.dey, = 2.F.sin(den /2) ~ f.den (1)
f.Rg.dog = 2.1 sin(dpg /2) = f.dpg @)
f,=2.fn (3)

trong do, A 1a hé s6 truot giira soi (hoac bo soi) voi bé mit vo; Ry va Ry tuong tng 1a ban kinh cong
phap tuyén va ban kinh cong tric dia cua soi; d(pnva dgog tuong tng vaéi goc bi chan bai cung cong
trong mat phang phap tuyén va mat phang tiép xdc c6 ban kinh cong Ry va Rg; kg va kn tuong (ting
1a d6 cong tric dia va d6 cong phép tuyén ciua quy dao soi tai diém dang xét.

Két hop (1), (2) va (3), ta co:

(4)

Hinh 1. Can bang luc soi c6 xét Hinh 2. Quan h¢ hinh hoc vi phan
den ma séat phan to vo. cuax, s, Smva f.
Bay gio, ta xét vo composite tron xoay nam trong hé toa do cuc (x, r(x), 6), trong dé, x 1a toa
do truc, r(x) 1a toa do huéng tam va 01 toa do goc. Khi dé, theo 1y thuyét do cong trong hinh hoc
vi phan, cac quan hé sau dugc thiét lap [4]:

= r'(9.cos’(B) __sin*(p)

5
J@rr (023 rx)a/L+rix)? ©

dag r'(x).sin(3)
kg =2 ¢ — 2= M 5
97 ds 12 (6)
r(x)a/1+r'(x)
‘Trong do: B 1a goc hop bai tiép cua duong sinh (dudng kinh tuyén) véi tiép tuyén ciia soi tai mot
diém bat ky dang xét; s 1a chiéu dai soi; r(x)’, r(x)"' 1a dao ham bac nhat va bac hai cua r(x) theo x.
Thay (5) va (6) vao (4), sau d6 bién ddi nhan duoc:
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dag 3 sin2,8 r"(x).coszﬂ __r(x).sin_ g %

ds r(x)y1+ r‘(x)2 (/1+r.(x)2j3 r(x) 1+r'(x)2

Tur quan hé hinh hoc & hinh 2, ¢6 thé dién dat df/ds nhu sau:
d/i' dg dx dspy dﬂ

1
Rt L 1 —————.C0S
ds ~ dx dsyy ds ok 02 d 8)

Két hop (7) va (8), sau d6, bién d6i nhan duoc:

B- ,6’ smﬁtanﬂ r(x)".cosg | r(x)'.tanpg
& r(x) 1+1(x)*2 r(x)

Phuong trinh 1a phuong trinh tong quat mo ta quy dao soi dat trén bé mat vo tron xoay bét ky
hay ch goi la phuong trinh quy dao si phi trac dia. Doi voi truong hop riéng, khi rai soi theo quy
dao trac dia, tirc la sgi khong ¢6 xu hudng truot, 4 = 0, tir phuong trinh (9) c6 thé rut ra:

r(x).sing+r(x).8'.cosg=0 (10)

Tir (10) c6 thé suy ra, r(x).sin # = 0. Pay chinh 12 phwong trinh Clairaut md ta quy dao soi rai
theo duong tric dia, da dugc dung trong tinh toan két ciu composite bang céng nghé quan.
2.2. Co s& x4c dinh hé so truot cho phép

T phuong trinh (9), rat ra quan hé sau:

P r'(x)2).(r'(x).sinS + r(x).3' .cos f)
@+r '(x)2).sin2,8 - r(x).r"(x).coszﬂ

Tu quan h¢ (11) co thé nhan thay, hé sé truot A 1a tham s6 phu thudc vao r(x) va B, tic 1a phu
thudc vao tham so hinh hoc cia sgi trén bé mdt vo, hay phu thu(’jc,véorbién dang hinh hoc cua '
va cach dinh hudng soi (cach rai soi) trén bé mat vo. Nhu vay, néu co dinh r(x) = const va diéu
khién goc quan g bién thién hoac néu c6 dinh f= const, chung ta sé c6 quan hé don bién A =f ()
hodac A =f (r)

Do hé s6 trugt A1a tham s6 phu thudc vao luc phap tuyén f, va luc tlep tuyén f,, (xem cong thire
(3)) nén c6 giéi han hé sé trugt chinh la hé s6 ma sat tinh giita sgi va bé mit vo (hay bé mat khuon
quén). Gia tri glO’l han nay goi 1a hé s6 trugt cho phép [/1] Nhu vy, dé xac dinh gia tri he s trugt
cho phép [4] can thiét ké bién dang hinh hoc khudn quéan r(x) hodc didu lghlen gbc quén ﬂ”de A
bién thién va thuc nghiém do dac tim diém gy ra trugt soi. Day chinh 1a nén tang ly luan dé xay
dung phuong phap do hé so trugt cho phép dung trong k¥ thuat quan phi trac dia.

9)

(11)

Phan tich sau hon, nhan théy, néu cho trudc r(x) = const, dé bién thién A can bién thién goc
quan S, tire 1a can didu khlen bién thién chuyen dong tuong dbi gitta chuyén dong quay cua khudn
quan va chuyen dong tinh tién ciia dau quan. Diéu nay, phu thudc vao kha nang diéu khién chinh
Xdc cua thiét bi quan va dudng nhu kha kho khan cho xac dinh toa do ctia diém trugt soi. Nguoc
lai, néu cho trudce f = const, khi do, dé bién thién A chi can dinh trude quy luat hinh hoc ctia duong
sinh khuon quén. Diéu nay ro rang thuan lgi hon vi viéc tao bién dang hinh hoc khuén chi phy
thudc vao ky thuat gia cdng co khi.

Theo lap luan trén, néu cb dinh goc quin £= 90°- twong tmg véi trudng hop quin ngang trong
k¥ thuat quin soi, tir quan hé (11) nhéan dugc:

A=r'(x) (12)

Tap chi Nghién citu KH&CN qudn su, 93 (2024), 163-170 165



Co kj thugt & Co khi dgng lyc

Nhu vay, 4 =r'(x) chinh1a hé sé goc cua duong sinh khudn quan. Dé bién thién hé sé goc cua
duong sinh r(x), dang ham hé sb goc don gian nhat c6 thé chon 1a dang ham da thtc bac nhat. Khi
do, phuong trinh duong sinh r(x) va hé s6 goc cua duong sinh r'(x) c6 dang sau:

r(x)=ax2 +bx+c (13)
A=r'(x)=2ax+b (14)
trong d6, a, b va ¢ tuong tng 1a hé sb cua da thirc bac 2 trong phuong trinh (13).

Dang duong cong tong quat cia phuong trinh (13) dugc Mo ta nhu ¢ hinh 3. Chi tiét xay dung
thiét ké khubn quan nhu sau:

- Chon diém O (trén hinh 3) 1a diém xuat phét khi quan, c6 toa do truc tung bang R (mat gié tri
bat ky), tai do, hé sb trugt A=0. Tuc la tai O’, ta c6 bd tham sb sau: x = 0, r(0)=R, A =r'(0)=0.
Thay vao (13) va (14), nhan dugc: b=0vac =R.

- Chon Qiém A 1a diém cudi cua bién dang khuén theo quy luat bac 2, 0 do, A= Ac (6 d6, A la
gia tri hé\s@ truot cho trude, dugc chon sa0 cho Ac > [A])- Toa do X tai diém A duoc chonqx la so
nguyén lan cua R, cu thé X = nR (n la s6 nguyén bat ky). Khi do, tai diém A’ &ng va6i diém trén
bién dang cudi cua khudn, ta c6 bo tham sé sau: x = nR, 1=r'(nNR) = A.. Thay vao (14), nhan duoc:
a= A /2nR.

rix)
1=06 /
A
c
\f:a"'(1 +0X
A=0
o
o
A
a nR X

Hinh 3. Bién dang dwrong cong cuia khudn quan.
Khi d6, phuong trinh mé ta dudng sinh bién dang khuén quan c6 dang sau:

2
r(x) = A2C_R+ R (15)

Phuong trmh (15) 1a phuong trinh tong quat mo ta bién dang duong sinh khuén quéan dung dé
do dac hé sb trugt cho 'phép su dung k§ thuét quin ngang (3= 90°). Cac gia tri n, R s& dugc chon
trong qua trinh thiét ké thu:c phu thude Vao su anh hudng cuia chiing dén sai sé do gay ra boi anh
hudng cua bé rong bang quan 1én goc quan S,

Tir phuong trinh (15), xac dinh phwong trinh hé sb truot ciia khudn quan:
, AcX
A(X)=r'(X)=—= 16
() =r()=-""1 (16)

2.3. Sai s6 do hé $0 truwot

V& mit 1y twdng, goc quin B = 90° chi timg véi trudng hop s¢i co bé rong bang quan w = 0.
Piéu nay 1a khong tuong. Trong thuc té, do anh huong clia bé rong bang quan g6c quan ngang co
sai s6 goc £1a ham phy thudc vao bé rong bang quan w va ban kinh truc quén r tai vi tri dang xét.
Tir md ta quan hé hinh hoc & hinh 4, sai $6 gbc quan ¢ duoc xac dinh nhu sau:

e="_p=-"_arcos| _ 7 _arcos| (17)
2 2 2zr) 2 2z
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& do, W=w/r la bé rong bang quan tuong dbi (khong thir nguyén).
RUt B tir (17) va thay vao (11), sau d6, bién d6i nhan dugc:
@+r '(x)2).r '(x).cose

A= 18
(L+r'(x)2).c082 & — r(x).r"(x).sin% & 19

Néu goc ¢ rat nho, sin e — 0, phuong trinh (18) trg thanh:

r'(x
A= (x) (19)
Cos¢
0.08
Khuén guén Géc qudn tie & 0.07
0.06
/ S N B‘::: 0.05
X A S 0.04
™ 0.03
0.02
0.01
0
b;ﬂg qﬂéf’? L) 0 0.05 0.1 0 L‘-‘ 0.2 0.25 0.3
w
Hinh 4. M6 ta hinh hoc cua sai s6 goc Hinh 5. Quan hé giita sai so hé so trueot (A1)
quan trong ky thudt quan ngang. Vvdi do rong bang quan tuwong doi (W).

Két hop phuong trinh (12) va (19), nhan dugc sai s6 hé sd trugt Iy tuong va thuc té nhu sau:

M=

-1).100% (20)
S¢
Két hop (17) vei (20) va biéu dién quan hé gilra sai s6 hé s6 trugt 44 v6i bé rong bang quéan
tuong 601 W dum dang d6 thi nhu hinh 5. C6 thé thay, khi bé rong twong 601 bang quan W cang
lon, sai s6 hé so trugt AA cang lon va nguoc lai. Nhu vy, tuy theo yéu cau vé d6 chinh xac khi do
hé sb truot, can chon gla tri bé rong bang quan tuong ddi twong tng.
2.4. Trinh tw do hé s6 trwgt cho phép

Trinh tu do hé s truot cho phép dugc thé hién qua hinh 6.

Xic dinh hé s6 trwot chophép
-Thutc hénh quan
p— X5c dinh diém trugt
-Tinh todn x4c dinh hé sé trrgt cho
phép
Hinh 6. Trinh ti do hé sé truot cho phép.

+ Thiét ké, ché tao khuén quén: Dua trén nhu cau thuc té cia san phém can ché tao, lya chon
vat liéu 1am khu6n quén, soi va nhya giéng vat liéu cla san pham ché tao thuc té. Trén co so bé
rong bang quan da sir dung, tinh toan sai s6 do hé sb truot anh hudng be rong bang quin ndm trong

ving sai s6 cho phép cua ngudi sit dung, tir d6, xac dinh cac tham so thiét ké n va R. Gia tri A
dugc chon sao cho Ac > /4], théng thuong [A] < 0,4 phu thudc kiéu quan kho hoac wét [3-6]. Khudn
quin dé xac dinh hé sé truot cho phép sau khi ché tao co cing d6 nhdm véi khudn quin cua san
pham thuec té.

+ Xac dinh hé s trwoet cho phép: Sau khi 1am sach bé mat khudn, quén soi dugc tim nhua
I&n bé mit khudn. Piém truot soi 1a diém soi truot chong chéo 18n nhau (hinh 7). Khoang céch tir
vi tri A =0 dén diém truot soi la khoang cach trugt x.. Do gia tri X;, sau do, thay X = x; vio phuong
trinh (16) nhan duoc hé sé truot cho phép giira khudn va soi.

Thiét ké, ché tao khudn quin
-Lita chon vit ligu khuén quén va soi
“Xdc dinh bign dang khuén quin
-Ché tao khudn quin
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|
Soi piém_ trigt
, Khudn qudn
A
Xy ¥
Loy — —

—

rix)

A=

Hinh 7. Piém truot soi va khodng cach trieot.
3. THUC NGHIEM - KET QUA VA BAN LUAN
3.1. Chuén bij nguyén ligu

Trén co so phuong phap xac dinh h¢ s6 trugt cho phép da xay dung, hi¢n thuc héa phuong
phap, mot thuc nghi¢ém dugc tien hanh. Do dieu ki¢n nguyeén ligu va nhu cau cong ngh¢ thyc té,
trong nghién ctu nay, chi giéi han thuc nghi¢ém do hé so truot cho phép trong k¥ thuat quan uét
vai cac nguyeén liéu ban dau nhu sau:

- Vat ligu quan: Sgi thuy tinh duoc tim w6t bang nhya epoxy. Sei thuy tinh dugc chon la loai
chuyén dung cho ky thuat quan soi, mac EDR24-2400-386, bé rong bang s¢i, w = 6 mm. Nhya
epoxy gom 3 thanh phan: 90%320 + 10%/12T-1 + 15% hoa ran m-PDA.

- Vit ligu khuon quén:’Nh’ua POM. Pay 1a loai nhya dugc dung twong dbi pho bién lam 16p 16t
(khudn quan) trong cac két cau composite tron xoay.

3.2. Thiét ké, ché tao khudn quan

Tir phwong trinh téng quét (15), cac tham sb sau duoc chon dé xay dung ban vé khudn quan:

- Theo tham khao mot s6 tai ligu [3-6], h¢ s6 trugt cho phép trong ky thuat quan kho dén 0,4,
con doi vai quan udt, hé so trugt cho phép thap hon, chon gia tri Ac = 0,6.

- Chon n =10, R = 20 mm. Vi ban kinh nho nhét R cua khudn dugc chon, bé rong bang quéan
tuong doi, W= 0,3, tudng (g vai sai so do hé so trugt AL = 0,11%.

. Thay céc gié tri trén vao phuong trinh (15) nhén dugc phuong trinh dudng sinh khudn quin
can thiét k&, ché tao nhu sau:

3x2

"= 2000

Tur phuong trinh (21), khuon quén duoc thiét ké kich thuéc va bién dang nhu hinh 8. Hinh anh
khudn quan sau ché tao nhu hinh 9.

+20 (21)

i/

L
rix)= 2000 +20

80

20
=0

250

Hinh 8. Ban vé khuon qudan. Hinh 9. Khuén qudn sau ché tao.
3.3. Thuc nghi¢m do h¢ sé trugt cho phép
- COng tac chudn bj: Lam sach khudn quan va ga Ip 1én may quan, tiép dén, ga cuon soi thiy
tinh Ién ban réi soi, luon bang soi qua thung tam dén dau quan, sau do, pha che nhya va d6 vao
thung tam dé tam uét soi.
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ién tugng sgi bi trug
chong chéo 1én nhau

Hinh 10. Khuén quan dwoc gd trén may. Hinh 11. Bing qudn bi trueot ra khéi quy dao.

- Thuc hanh quén va do dac: Quéa trinh quan dugc thuc hién trén may quan MQC-01CT cua
Vién Tén Lua/Vién Khoa hoc va Cong nghé quan su. Bé do chinh xéc vi tri truot cua soi can st
dung camera d6 phan giai cao. Mot sé hinh anh v& qué trinh quan dé do hé sb truot cho phép trinh
bay ¢ hinh 10 va hinh 11. S lan thi nghiém: 05. Gi4 tri do s& duoc ly trung binh. Két qua do hé
s6 truot va tinh toan sai sé trinh bay & bang 1.

Bing 1. Gid tri ciia do hé so trueot cho phép.

e Gia tri do e .
Tengidtrido s 2 DT 1an3 | Land | Lans | Ol i trung binh
Giatrix(mm)| 67 | 65 | 63 | 65 | 65 65
Giati[\] | 0,201 | 0,195 | 0,189 | 0,195 | 0,195 0,195
Sai s6 AL (%) | 0,061 | 0,063 | 0,064 | 0,063 | 0,063 0,063

_ Nhu vay, véi vat ligu composite cét soi thiy tinh/nén nhua epoxy dugc quan trén khuon quan
bang nhya POM, gié tri hé so trugt cho phép la [A] = 0,195 vdi sai s6 do AL = 0,063%.

4. KET LUAN

Trén co s mo hinh toan mé ta quy dao soi cua ki thuat quan phi tric dia, di khang dinh rang,
hé sb truot (ty s gitra dd cong phap tuyén kn va do cong tric dia kg) 14 tham sb chi phuc thudc vao
dac trung hmh hoc cta bé mit vo r(x) va goc quén soi f, tirc 14 co the xay dung dugc phuong phap
xéac dinh hé sb truot dua trén viée ¢ dinh mét trong hai tham sb r(x) hodc 4. Tir d6, da dua ra
phuong phap xac dinh hé sb trugt cho phép duge mé ta dudi dang phuong trinh toan hoc don bién
ctia dudng cong bién dang du’(‘mg sinh khuén quin (bé mat vo) voi goc £ ¢ dinh bang goc quén
ly tuong trong ky thut quan ngang, S = 90°. Tu phuo’ng phap xéy dung da hién thuc hoa bang
thue nghiém do hé s6 trugt cho phép trong truong hop riéng vdi vat liéu composite cbt soi thiry
tinh/nén nhya epoxy, vat liéu khudn quan bang nhya POM. Két qua thu duoc, hé s6 trugt cho phép
[A] = 0,195 voi sai sO0 do AL = 0,063%.

Phuong phap xac dinh h¢ sO trugt cho phép dua ra co the ap dung dé xac dinh h¢ so truot cho
phép ddi véi cac vt lidu comp051te va vt liéu khuon quéan khac nhau. Gia tri do hé¢ s trugt cho
phép véi vat lidu composite cdt soi thuy tinh/nén nhua epoxy, vt liéu khuén quin bang nhya POM
¢6 thé dung trong tinh toan két cAu composite twong tng dung k¥ thuat quén phi tric dia.
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ABSTRACT

Research on building method of measuring the allowable slippage coefficient
to serve the design of non-geodesic wound filamentary composite shell of revolution

Composite structures obtained by winding methods (cylinder, sphere, torus, etc.) are
used in many fields. To form the structure, the fibers are impregnated with resin and spread
onto the mandrel in a geodesic or non-geodetic trajectory. The non-geodetic trajectory of
the fiber is an unbalanced trajectory, i.e., the fiber has a tendency to slip transversely. The
slippage tendency of fiber is assessed by the slippage coefficient (1), which is the ratio
between the geodesic (kg) and the normal curvature (ki), A = kg/kn. When the value of 4 is
bigger than the allowable value ([1]), the fiber will be slipped. In this paper, from the fiber
trajectory theory, a method of measuring the allowable slippage coefficient is built, and at
the same time, the error prediction is due to the influence of the fiber width. Since then, the
winding mandrel has been designed and made of POM plastic for experiments. Experiments
were carried out on the winding machine MQC-01CT, the winding material is glass fiber
with a width of 6 mm wetted with epoxy resin. The results show the average allowable
slippage coefficient [4] = 0,195 with error A1 = 0,063%. The results are the basis for
determining the allowable slippage coefficient in different cases of composite and mandrel
materials. At the same time, the measured values are the basis for calculating the structure
and technology of winding the corresponding composite materials.

Keywords: Slippage coefficient; Allowable slippage coefficient; Non-geodetic winding; Composite shell of revolution.
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