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Section S1 Method for calculating the thrust cylinder stroke differences

According to the relevant reference (Szczotka and Wojciech, 2008), the homogeneous
transformation matrix (HTM) for the conversion from coordinate system 2 to coordinate system 1
is determined by the relative position (X, y, z) and relative orientation (e, £, 7). The expression for
the HTM is as follows:
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where ¢ and s represent cosine and sine functions, respectively.

T isthe HTM from Op — X YgZ; to O, — X,Y,Z,, derived using Eq. (S1). Likewise, the
HTM gT , which represents the transformation from O, — X_Y.Z. to O — X;YgZ,, and the
HTM ST , which denotes the transformation from O, — X Y,Z, to O, —X,Y,Z,, can be derived.

Based on the design dimensions of the shield machine, we know the coordinates of the thrust
cylinder mounting pointsin O — X;YzZ,, denotedas °M, (k =1,2,3,4) . The mounting points can

be expressed in O, — X,Y,Z, as follows:

"M, = 4T x ®M, . (S2)



The thrust cylinders are all parallel to the axis of the front shield, and their direction vectors v

in O, - X,Y,Z, can be represented as follows:
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B—
v= AT x v=’;T><[1 00 0]. (S3)
The equations of the lines where the four cylinders are located can be represented as follows:

M, AR =t "V, (S4)

where, B, (k=12,3,4) is an arbitrary point on the line, and t; is an arbitrary real number.

Let the normal vector and the center point of the front face of the previous segment ring in

O, — X,YpZ, be denoted by "U and PO, respectively, where U s givenas [1 0 0 0]
and 0O, as [0 0 0 1].In O,—X,Y,Z,, these can be represented as follows:

"=ATx ", (S5)

"0, = AT x 0, (S6)

In O, - X,Y,Z,, the plane equation of the front face of the previous segment ring can be

expressed as Eq. (S7):

0, "R, x “u=0, (S7)

where P, is an arbitrary point on the plane.

Combining Egs. (S4) and (S7), the coordinates of the intersection points, S, (k=12,34),
between the thrust cylinder and the front face of the previous segment ring in O, — X,Y,Z, canbe
calculated. The thrust cylinder strokes on the upper (U, ), left (U, ), lower (U, ), and right

(U, ,) sides can be determined using Eq. (S8).



U,, =|*™, s -c,
u,, =‘AM2ASZ ~c,

o (S8)
U,, =|"M,%s,|-c,

u,, :‘AM4AS4 —c

where C, is the length of the thrust cylinder when it is not extended.
Subsequently, the thrust cylinder stroke difference in the vertical direction, indicated as U, ,,

and the thrust cylinder stroke difference in the horizontal direction, denoted as U, , can be

calculated.

Section S2 Method for calculating the lower tail shield gap
The HTM from O — X,Y,Z, to O — X Y Z., denoted as ST , can be obtained using Eq.
(S9).
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Let W be the direction vector of the segment ring’s axis, and W= [1 00 O] . With O
as the origin of O —X_.Y.Z., and O, =[0 0 0 1], the equation of the outer cylindrical

surface of the segment ring expressed in O — X.YZ. can be expressed as:

D

"0 °R, XEVV=79, (S10)

where P, is an arbitrary point on the cylindrical surface, and D, is the outer diameter of the
segment ring.

The sensor mounting points in O, — X.Y.Z. can be measured and are denoted as
CHk(k =1,2,3,4), and their coordinates in Og — X_YzZ. can be represented as follows:

"H, =T x °H,, (S11)



ST =[x T xET (512)

where ET is the HTM from O, — X Y.Z. to O — X Y:Zc.
Let r be the direction vector of the laser emitted by the displacement sensor below,

represented by CF:[O 0 1 0] in O, —X.Y.Zc, which can be represented in O, — X.Y.Z,

as follows:

E—

F=STxr. (S13)

The equation of the laser line can be expressed as:

“H, P, =t, T, (S14)

where P, is arbitrary points on the laser line, and t, is an arbitrary real number.

Combining Egs. (S10) and (S14), the lower measurement point D, on the outer cylindrical

surface of the segment ring can be calculated. The lower shield tail gap can be expressed as:

Td,n = EH3 EDs

: (S15)

Section S3 Method for data augmentation
By applying a horizontally symmetrical transformation to the shield tail gaps and thrust
cylinder strokes, the assembly points must also be adjusted symmetrically to maintain optimization.

As shown in Fig. Sla, the original data shows a vertical thrust cylinder stroke difference U, , of
70 mm, upper and lower shield tail gaps, T,, and T, , of 80 mm and 70 mm, respectively; the

previous segment assembly point i, at point 2, and the optimal current segment assembly point

i.,, at point 7. Applying a horizontal symmetrical transformation to this data yields Fig. S1b,

where U, =~ becomes -70 mm, T, ~and T, are transposed to 70 mm and 80 mm, respectively,

and i is transformed to assembly point 6. Consequently, to achieve equivalent optimization, the

*

optimal assembly point i . should also be adjusted symmetrically, changing from 7 to 1.

n+l

Similarly, vertical and diagonal symmetrical transformations were applied, effectively



increasing the dataset size by a factor of four. Table S1 presents a representative example to

demonstrate this augmentation method. Ultimately, a total of 11,560 sets of example data were
collected.

(b)

Fig. S1 Schematic diagram of example data augmentation: (a) original data; (b) horizontally symmetrical
transformation

Table S1 Examples of data augmentation method

Data typeS Uv,n Uh,n Tu,n Td,n Tl,n Tr,n in in+1
Original data 70 20 80 70 80 70 2 7
Horizontally symmetrical  -70 20 70 80 80 70 6 1
Vertical symmetrical 70 -20 80 70 70 80 14 9

Diagonal symmetrical -70 -20 70 80 70 80 10 15




