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Abstract: Aiming at the low computing efficiency of assembly accuracy for complex assemblies
under multi-index requirements, a parallel computing model for assembly accuracy with multiple
error transmission paths based on the compute unified device architecture (CUDA) was pro-
posed. Firstly, the torsor transformation was performed on the local parallel structure to obtain
the SDT model covering the series and parallel structures. On this basis, the assembly feature
was used as the error transfer unit to build the position transformation and error transfer model,
decompose the error transfer process, and provide support for the subsequent parallel computing.
Next, based on the type characteristics of the error transfer path of the multiple functional re-
quirements (FRs), the path was combined and the error torsor was reused to reduce the amount
of computation and data generation. Finally, the algorithm data structure was designed to allo-

cate thread tasks according to task requirements, reasonably allocate memory and reduce memory
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access delay. The model was used to simulate the assembly accuracy of the high pressure com-

pressor rotor of an aeroengine, and the simulation results showed that the proposed model could

compute the assembly accuracy about 97. 3 times faster than a conventional CPU model and can

provide support for the assembly accuracy computation and tolerance design of complex assemblies.

Keywords: tolerance design; assembly feature, assembly accuracy; computer unified device archi-

tecture; parallel computing
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Fig. 1 Local parallel and coordinate system merge error

transfer diagram
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Table 1 SDT error screw model for common local parallel fit assembly feature
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within a part
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Table 2 Rotor mating surface parameters

P> t,/mm lp./mm l,y/mm t./mm [./mm d/mm

0A 0.025 75 75 0 0 0
AB-1 0.020 270 270 0.02 3.5 237
AB-2 0.020 270 270 0.02 3.0 237
BC-1 0.025 356 356 0.01 3.9 320
BCG-2 0.020 356 356 0.01 3.0 320
CD-1 0.025 408 408 0.01 3.5 374
CD-2 0.020 408 408 0.01 3.0 374
DE-1 0.025 230 230 0.01 3.5 194
DE-2 0.020 230 230 0.01 3.0 194
EF-1 0.025 145 145 0.01 3.9 111
EF-2 0.020 145 145 0.01 3.0 111

FO 0.025 80 80 0 0 0

T 2 1y e Loy 53 0 RS THT Y 2 2245 S v iy 05 ) A BBE 5 20 VLo od 43 00 3R 7 B A T2 2205 98 B I BE R 4%

3.3 CUDA M4

PR T B o R A e s A U ) B 2 {8 ¢ 8 kg AT
IR TR ENEEN B, D3 AL, E 9
TR T R 22 BT SR R AL AR E v S T U IR) (4 R
WAEHO FIHEALH CREE A FO B . 2 A
MEJUR ¥ FP32 A, FEARR E Ol 32 M B4

IS =y

http: // zkxb. xjtu. edu. cn

B W D7 A7 Uk 46 2802 DA 128 F5 XF 5% . 1 2R
H Cwarp) A RL— U M IR 42 38 28 72 i 75 19 128
FAEAESY A AR MK R BT 55 2 A [ 2D
PEFEAT [0k, 5 ER AT U AR BERCR S W T 32 1. B
HH AR AR e A 2 E AR B B A R RN AT SR
AZ R NAEAR L ) R LG BE O — Ui A7 45 R T 1%




112 v A2

PN

%57 %

1,>2*(w+a*L,,/2+
BLy2) |

{l’Thread 0: BO]>2*fabs(A[T60]+A[0]* B[11/2+4[32]¥4121/2)
| Thread 1: BOJ>2*fabs(A[L61[+A[1]*B[1)/2+A4[33]¥4[21/2)

' Thread 2: BIOJ>2*fabs(A[[l 621 +A[2]* B11/2+A[34]*4[21/2)

R LFET
RandomMat (A) MFInfoMat (B)
DT Jii] a 5 ; - i di% 5
E | AL 0
1 0 32 64 96 128 [i6d TEKL, 1
2 1 33 65 97 129 [161+ Ja L, 2
3 2 34 66 98 130 I6d| ! ﬁ}?gﬁ%} i
| A:t 3 3:5 6:7 9:9 13:1 1(:3 i  REEREL | S
L a o 8 o o 8 8 ‘ i i}?k[ql 6
| 32 31 63 95 127 159 191, T ETiLy, -

K9 BEALECHE & IR ) 5 ) R L H N R R
Fig. 9 Schematic diagram of application of combined access
and broadcast mechanism in random number deter-

mination
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Fig. 10 Simulation result of radial displacement and

rotation error

AR 52 8 45 2R, R BT 0 ] B SR 0 R AT T
P P ) e 3 5, O 2 DL B AT T 3L TSR
(5] J5 T A A i AR 25 9 BB N 22 AR L A
NP s e 7 2 S R BT /& 2
R Y IE 1) SN 5 RE R 0 BT AR S5 . XL
T AL G2 00 H3 ARG JEE U 0 B RS B A Al
SHARIL A 23 B TS 2= BN X A S PR TR A
PAE 32 .t AT A 2% HLBRCR SEKS i 3 0 ik 42
N T2 5 1) — A LA TR 3 — A 55, 3 T A
JEE TIUI AT 55 79 9 47 3 5 i e ol g U A 2T
i A DR RS RS i 2 22 A A B2 T 3 550 ik [ T 9 4
3% o FEITT R R AR A A 2 P AT 55 19 B3 T ik
B v [R)AE AF A X R Y BT R i RO




o506 1

SRR A B — T AR TR B2 O B AT T SRR 113

25 (0 RE R N A — AR A R
b A ST RT BE 5RO T ) B — A FR 4T3
B, A LA I X 5 B TR R £ FR, 0 SR 3 K
REWHEEIHR . MASCH M 2 FR AL 1
CUDA ¥ & F #1471 42 22 15 14 B 48 1 B4k 21, fig
g 3k — AR THT SRR

ML > 22 B TE M il D) RE TG SR A e il 2
DIRET R AR $2 T F7 5 0 45 77 f 19 6 A Fie /N
AR SCHR Y B BERLLE 7 BT B BEAR T T 2 RS JEE
TR AT LT AR 7 R AL A 36 BT 1 A 22 2 B0
906 12 2 RE BE5K L 4 BT A R AT BE B RS 1] A L) 4
7 T R SR AR TT A2 A
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