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TOM TAT: Néi dung bai béo trinh bay tom tit nguyén ly hoat dong, kha nang tmg dung ctia may kinh vi
con quay (Gyrotheodolite) trong cong tac dinh huong ham. Khao sat d6 chinh xac giira duong chuyén
trong hdm thanh lap bang phuong phép truyén théng do goc, canh va dudng chuyén trong him c6 phuong
vi cac canh do bang may kinh vi con quay. Phan tich wu, nhuge diém va kha ning ung dung may kinh vi
con quay nham dam bao va nang cao do chinh xac dinh hudng ham khi thi cong xay dung dudng him tau
dién ngam bang cong nghé TBM (Tunnel boring machine) & Viét Nam.

TU KHOA: May kinh vi con quay; Tuyén ham; TBM.

ABSTRACTS: This paper briefly presents the operation principle, the ability of application of
gyrotheodolite to the tunnel orientation. The paper also presents a comparison of the accuracy between
the traverse established with traditional method, measuring angles and sides, and the traverse inside the
tunnel with azimuth of measured sides determined by gyrotheodolite. From the comparison, the
advantages, disadvantages and the ability of application of the gyrotheodolite in order to ensure and
improve the accuracy of the tunnel orientation when constructing the subway tunnel by TBM technology
(Tunnel Boring Machine) in Vietnam were analyzed and evaluated.
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Cong tac dinh hudéng him phai dua vio co s&
tric dia thi cong ham bao gdm: ludi khong ché mat
dat, ludi khong ché trong him va cong tac chuyén
toa do va do cao xuéng ham. Bé dam bao cho cong
tac thong him dat hiéu qua cao nhit va nam trong

1. PAT VAN PE

Khi thi céng cac cong trinh duong ham, do
chinh xac thong ham cda cong trinh phu thudc rat
nhiéu vao cong tac dinh hudéng ham. Neu cong tac

dinh huéng ham lam khong tét thi két qua thong
ham s& khong dat yéu cau han sai lam anh hudng
dén chit lugng, tién do thi cong cong trinh. Do vay
van dé dinh huéng duong ham 1a rit quan trong
trong cong tac thi cong dudong ham.

giéi han cho phép thi can giai quyét dugc van dé
nang cao do chinh xac cta co s6 tric dia trong thi
cong ham. Tir trude dén nay & Viét Nam, ludi khong
ché thi cong trong hdm thuong dugc thanh lap &
dang tuyén dudng chuyén treo (hinh 1) do dic diém
ctia dia hinh va quy trinh thi cong dao ham [3].

Hinh 1. Lwéi dwong chuyén treo [4]
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Véi dang ludi khong ché nay thudng khong
c6 diéu kién dé kiém tra chat luong do dac, do
d6 ludi co do tin cy thp vi khong c6 cac tri do
thira. Khi thi cong ham bang céng nghé TBM,
do quy trinh thi cong lién hoan (Bao gdm: dao
ham, gia cb, 1ap dat hoan thién vé ham ngay)
nén yéu cau ky thuat dinh hudng ham cé do
chinh xé4c réat cao. Chinh vi vay can phai nghién
ctru, ung dung cac phwong phap thiét ké, cac
thiét bi do dac hién dai... dé nang cao do chinh
xac khi thanh 1ap lu6i khéng ché mit bang thi
cong trong hdm nham dam bao cac chi tiéu k¥
thuat can thiét trong thi cong ham bang cong
nghé TBM. Mot trong cac phuong phap do dac
chuyén phuong vi dé ning cao d6 chinh xéac khi
thanh 14p ludi khéng ché mat bang thi cong
trong ham 1a sir dung mdy kinh vi con quay,
song thiét bi nay chwa duoc tng dung rong rii &
cic cong trinh thi cong duong him ¢ nudc ta
dic biét 1a thi cong hdm bang cong nghé TBM.
Nén viéc khao sat @ chinh xac va danh gia kha
ning ung dung may kinh vi con quay nhim dam
bao va nang cao d6 chinh xac dinh huéng ham
khi thi cong x4y dyng duong ham tau dién ngam
bang cong nghé TBM (Tunnel boring machine)
& Viét Nam la rat can thiét.

2. NGUYEN LY PO PHUONG VI BANG MAY
KINH VI CON QUAY

2.1. Giéi thiéu may kinh vi con quay [3]

Viéc nghién ctru va ché tao may kinh vi con
quay dugc chia lam ba thoi ky:

- Vao nhitng nam 1950, st dung chu yéu Ia
loai con quay ndi trong dung dich, trong luong
toan bo ctia may khoang 250 kg dén 640 kg, thoi
gian mot 1an dinh huéng tir 2h dén 4h, d6 chinh
xac dat khoang + 01° d¢én + 01°30”. Vi may qua
ning nén sir dung thyc té rat han ché trong thyc
té thi cong cong trinh.

- Nhitng nam 1960, sir dung két cau day treo
kim loai dé treo hop con quay nén da giam trong
lugng ctua may con tir 35 kg dén 80 kg, thoi gian
mot 1an dinh huéng giam xudng con 30 phat dén
60 phut, d0 chinh xac dat khoang + 10” dén +30”.

- Nhitng nam 1970, do yéu cdu ngdy cang cao
vé do chinh xac ciing nhu tién do thi cong cua

cong tac tric dia duong ham va cong trinh ngam,
may phai cod trong lugng gon nhe, cac hang da
nghién ctru va ché tao thanh cong may ning
khoang 14 kg dén 30 kg, thoi gian do ngan khoang
17 phut dén 40 phut, do chinh xac khoang + 20
dén + 40". Gan day Cong hoa lién bang Dtic da ché
tao thanh cong may kinh vi con quay Gyromat, do
tu dong va duogc diéu khién bé“mg may tinh dién ti,
thoi gian do 9 phut, d6 chinh xac dat + 3. Mot s6
nuée khac trén thé gigi nhu Hungari, My, Nhat,
Trung Qudc... cling di ché tao thanh céng may
kinh vi con quay dién tir, do ty dong, c6 dd chinh
xéac khoang + 2" dén + 3.

2.2. Nguyén ly do phwong vi bing may kinh vi
con quay [1, 6]

Goc phuong vi cia duong thang (gbc phuong
vi canh) 1a goc hop boi huéng Béc cta kinh tuyén
tryc toi hudéng duong thang theo chiéu quay kim
ddng hd. Vay dé do duoc goc phuong vi cin phai
xac dinh dugc hudng Bic cua hé truc toa do. May
kinh vi con quay hoat dong theo nguyén ly: Ap
dung dinh luat thi nhét caa Newton (Pinh luat
quan tinh). Thiét bi con quay, quay quanh truc
quay tu do (truc dimg ciia may) c6 téc do goc du
16n (> 20.000 vong/phut thi vi tri can bang cia no
ludn ndm trong mat phang kinh tuyén di qua diém
treo (diém dit may). Trén nguyén 1y nhu vay, dé
xac dinh phuong vi mot canh, can xac dinh vi tri
can bang ciia truc quay va goc hop boi truc nay voi
canh can xac dinh phuong vi. Ttr d6 tim dugc goéc
phuong vi tir vi tri ddt méy, tinh chuyén kinh tuyén
tir sang kinh tuyén truc théng qua do léch tir thién
() tim duoc goc phuwong vi ctia canh can do. Quy
trinh do chuyén phwong vi cho canh dau tién cia
lu6i trong hdm theo nguyén 1y nay duoc tuan theo
quy trinh sau:
~ Trén mat dat dat may kinh vi con quay tai mdc
goc A (Hinh 2), do dugc goc phuong vi tir cho
canh AB dugc o'as, AB 1a canh gbc dd biét goc
phuong vi aas. PJ 1€ch tir thién dugc xac dinh theo
cong thue (1).
J =0 AB — 0AB (1)
Dudi ham, dit may kinh vi con quay tai diém
C (Hinh 2), do duoc goc phuong vi tir cho canh
CD dudi ham dugc tinh theo cong thirc (2).

ocp = OL,CD -0 2)
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Hinh 2. So' d6 do lién h¢ qua giéng ditng sir dung may kinh vi con quay [1]

(X- Kinh tuyén truc; Xr - kinh tuyén tir; 0 - dg tir thién; a'ss - phwong vi canh AB trén mat ddt do bang
may kinh vi con quay; ass - phirong vi canh AB tinh dwoc tir toa dg hai diém goc A,B; B, p2 -cdc goc
bang can do; Si, S - chiéu dai cdc canh can do; a'cp - phirong vi canh CD duwéi ham do bang mdy kinh vi

con quay; acp - phwong vi can tim ciia canh CD).

Viéc tng dung may kinh vi con quay dé xac
dinh phwong vi cic canh ludi duong chuyén trong
ham s& giam thoi gian va cong stc cho cong tac
dinh hudng ham, khic phuc dugc nhimg kho khan
vé mit k¥ thuat khi chuyén phuong vi xudng him
bang phuong phap truyén thong do goc, canh trinh
bay trong [5].

3. CO SO LY THUYET VA PHUONG PHAP
THUC HIEN

3.1. Uéc tinh d9 chinh xdc sai 50 huéng ngang
diém cu0i dwong chuyén trong him khi do
phwong vi bang may kinh vi con quay [3]

Puong chuyén trong ham dugc thiét ké nhu
hinh 3.

N
p

1

Hinh 3. So’ 6 lwéi dwong chuyén trong him

Tt hinh 3 ta ¢6 toa do diém cudi dudng chuyén
P dugc tinh theo cong thuc:
Xp=Xa + Sicosa + Spcosay + ...+ Spcosan (3)
Vi phéan toan phan hai vé (3) ta co:

o
L | cosands,—

p

dxp = dxa + cosauids; — Sy sina .

. da . da
— Sysinoy.—= + .+ cosands, — Spsino,. —2  (4)

p

Chuyén (4) sang sai s trung phuong ta co:
n n )
mip :Z(Coszai)-m; + Z(Si .Sin(xi)z_mi;i 5)
= i=1 p

Trong cong thic (5) bao gdm hai thanh phan:

- Sai s0 dich vi doc:

m; = i(cos%ti).méi (6)
P
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- Sai s6 dich vi ngang:
n ) m2_
mé :Z“Si2 (smzai).p—;‘ (7)
i=1

Gia thiét duong chuyén trong hdm (hinh 3)
duoc thiét ké véi truc duong hdm trung voi truc toa
do Y, goc phuong vi a = 90° va cac canh dudng
chuyén xép xi bang nhau (S; = S; = ...~ Sy = S),
khi d6 sai sb hudng ngang tai cong thirc (7) duoc
bién d6i thanh:

m, =S~/n. 123} ®)

Trong do:

- mq: Sai sb dich vi ngang;

- S: Chiéu canh duong chuyén;

- n: S6 canh duong chuyén;

- mg;: Sai s trung phwong do phuong vi.

Tir cong thuc (8) ta co thé wdc tinh duoc sb
lwgng canh t6i da ctia duong chuyén trong Ham
hodc lya chon may kinh vi con quay phu hop voi
d6 chinh xac theo yéu cau.

Pé lam rd mdi quan hé giita sai sd hudng
ngang diém cudi duong chuyén (mg), sai sO
phuong vi do (my) va chiéu dai toi da cua duong
chuyén trong ham (n.S). Ching t6i da wdc tinh cac
truong hop sau:

+ Néu cho trudc sai sé huéng ngang m, = 9.5 mm,
canh dudng chuyén thiét ké dai S = 200 m va do
chinh x4c ctia may kinh vi con quay m, = + 3, 4p
dung cong thirc (8) ta co:

m . n
Jn = S‘*—p ~32 9)
.l’nm

Véay n = 10 canh, do d6 chiéu dai t6i da cua
duong chuyén la: L =200 m x 10 = 2000 m.

Tir két qua tinh toan cho ta thay néu sai s6 xac
dinh goc phuong vi bang méy kinh vi con quay c6
d6 chinh xac do phuong vi m, = + 3” thi chiéu dai
t6i da cuia dudong chuyén can nho hon 2 km.

+ Néu cho trudc sai s6 huéng ngang cho
phép my = £ 9.5 mm, canh duong chuyén thiét
ké dai S =200 m va do dai cua duong chuyén la
L =1000 m (n=15), ap dung cong thuc (8) ta co:

m_p"

m, = — (10)
S~/n
my= + 4,47

Két qua tinh toan trén cho thiy dé dam bao sai
s6 huéng ngang cho phép khi chiéu dai duong

chuyén trong ham 1a 01 km thi may kinh vi con
quay phéi c6 dg chinh xac m, <+ 4,4”.
3.2 Khao sat d chinh xac giira dwong chuyén
trong ham thanh lap bang phwong phap do goc,
canh va duwdng chuyén trong him do bang may
kinh vi con quay [3]
3.2.1. Pwong chuyén trong him do phwong vi tit
cd cdc canh bang mdy kinh vi con quay

a. BY chinh xdc hwéng ngang diém cudi diong
chuyén do géc - canh bang phwong phdp truyén
thong [2]

(Mg)ge = —B[S] n+l>s

p 3

(11)

b. B$ chinh xdc hwéng ngang diém cudi diong
chuyén do goc- canh bang phwong phdp truyén thong
va do goc phuwong vi bang mdy kinh vi con quay.

mai
(M, g = SN X (12)
Lap ty s gitra hai cong thirc (11) va (12) ta co:
my N n+1,5
(mq)gc _ p" 3 _ &\/ﬁ n+1,5 (13)
M)oey  gp M My 3
p"
- Gia thiét mg = m;, bd qua gia tri 1,5 ta co:
m
@ = A (14)
(mq )kch \/§
3
(mq)kch = T'(mq)gc (15)

Tir cong thirc (15) cho thiy khi may kinh vi con
quay c¢6 do chinh xac xac dinh phuong vi bang do
chinh xac do goc trong dudng chuyén (mg = my;) thi
sai s6 hudng ngang cua diém cubi dudng chuyén
giam di f lan. Khi n tang 1én thi sai s6 huéng
ngang ctia diém cudi duong chuyén do bang may
kinh vi con quay giam xudng so véi phuong an do
goc - canh trong dudng chuyén trén cung mot dang
dd hinh.

Qua cong thirc (15) ta thdy dwa vao do chinh
xac do goc thiét ké trong duong chuyén va do
chinh xac dat dugc cua may kinh vi con quay ma ta
c6, ching ta c6 thé danh gia ngay dwoc hiéu qua
ctia cong viéc Gmg dung may kinh vi con quay dé
thanh 1ap ludi khng ché trong ham.
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3.2.2. Puwong chuyén trong hiam chi do phwong vi mét sé cdc canh bang mdy kinh vi con quay

B
A AN H1
n-

~
n

Hinh 4. Pudng chuyén trong him cé do thém phuong vi mdt sé canh bing kinh vi con quay

Nhim muc dich kiém tra va nang cao d¢ chinh
x4c, mot sd canh trong dudng chuyén do goc -
canh dugc do phwong vi bang may kinh vi con
quay. Pé udc tinh d6 chinh xac trong cac duong

chuyén loai ndy, cin chia duong chuyén thanh cac
phan doan gitta cac canh do phuong vi. Sai sb
trung phuong phuong vi canh cudi dudng chuyén
dugc tinh bang cong thire (16)[2]

Dich vi ngang:
2 2 2
m k(k-1)(2k -1 kK k-1+2%0
N PR TET) IR I,
p 4 (16)
2 m3  (n—ik)(n—ik+1)(2(n—ik)+1
P P 6
Trong do: huéng ngang cua diém cubi dudng chuyén s& rat
m nho, khi d6 cAn xem xét viée lya chon thiét bi do
0= m cho pht hop nhdm nang cao hiéu qua cong tac dinh
p

-k: S6 luong canh trong mdi tuyén dudng chuyén;

- i: S6 goc phuong vi do trong dudng chuyén;

- mg: Sai s6 do goc bang may TPDT;

- m,: Sai sb phuong vi do bang may kinh vi
con quay;

- S: Chiéu dai canh duong chuyén.

Tir (16) giai bai toan tdi vu tim k dé m, = min,
dua vao ty sb giita k va n, c¢6 thé tim dwogc vi tri
canh phu hop can do phuong vi con quay.

Khi str dung cong thirc (16) dé du tinh d6 chinh
x4c huéng ngang cua diém cudi dudng chuyén
trong ham can dic biét luu y dén gia tri o.

Truong hop @ = 1 khi mg = mp: viéc do thém
mot dén hai phwong vi con quay s& lam ting do
chinh xac huéng ngang twong ddi lon. Néu do
thém mot phuong vi con quay thi vi tri do thém
phuong vi con quay & khoang 2/3 chiéu dai duong
chuyén 1a t6t nhat. Néu do thém tir hai phuong vi
con quay tr& 18n thi vi tri do phan bd déu trén toan
bd chiéu dai duong chuyén. Trong trudng hop
® = 4 xay ra khi d¢ chinh xac cua may kinh vi con
quay qua thip thi tic dung cua viéc do thém
phwong vi con quay dé nang cao do chinh xéc

hudng ham trong thi cong xay dung céc cong trinh
ham ¢ nudc ta.

4. KET LUAN

Tir két qua phén tich vé 1y thuyét va khao sat
thuc nghiém do chinh xac ludi dudng chuyén trong
ham, chung t6i rat ra mét s6 két luan sau day:

- Trong diéu kién dic thu cua cong tac thanh
1ap lu6i khéng ché trong hdm, viéc nghién ciru tng
dung may kinh vi con quay dé dinh huéng ham
trong thi cong xay dung duong ham tau dién ngdm
bang cong nghé TBM sé& ning cao do chinh xac,
giam thoi gian va cong stic cho cong tac dinh
huéng ham, khic phuc dwgc nhimng kho khin vé
mat k¥ thuat thuong gap khi dung phuong phap
truyén thong do goc canh.

- Khi duong ham dugc thi cong xay dung bang
t6 hop may dao ham TBM véi yéu cau do chinh
xac dinh huéng théng ham rit cao, do vdy nén do
phuong vi bang may kinh vi con quay cho tit ca
cac canh trong duong chuyén trong ham nhim
nang cao do chinh xac dinh huéng ham, gép phan
nang cao hi€u qua thi cong xay dung céng trinh
ham & nudc ta.
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