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Tolerance Analysis of Partial Parallel Assemblies Based on

Jacobian-Torsor Model

DAI Hongwei, CHEN Kun, YU Hui, DU Xinfei, GAO Jianmin, GAOQO Zhiyong

(State Key Laboratory of Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In tolerance analysis of partial parallel assemblies based on the Jacobian-Torsor model,
it is difficult to calculate their cumulative tolerance. To solve this problem, a calculation method
of fractional steps is proposed in this paper. This method is used to establish functional
requirements for these assemblies to produce connection diagrams, describe the process of
generating the assembling results, create the Jacobian-Torsor model of parts and components,
and calculate variable spinor of the mating surface in the coordinate system of the parts and
components. Moreover, a detection algorithm for the spatial relationship of the mating surface is
designed, correct physical contact of mating planes is ensured. To attain the optimization goal of
the gravity center of assembled parts or components being the lowest, the differential evolution
algorithm is used to calculate the cumulative tolerance of partial parallel assemblies design
information is fully based to transform from a partial parallel chain to a single series chain in
connection diagram. The feasibility of the proposed method is verified through modeling and
calculation of steam turbine flow gap. The results show that the proposed method can balance the

tolerance and fit information and significantly improve model accuracy and reliability.
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Fig. 1 Clapboard-inner cylinder assembly diagram
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Fig. 3 Parallel chain with partial parallel structure of assembly

and form a connection diagram with Pg,
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Fig. 6 Three-dimensional model of steam turbine
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Fig. 8 Simulation results of the flow gap

k2 RREBFZHITHELRGREK
Table 2 Comparison of calculation results of different methods
S0k KS Kt P (1 T HE it 2 ey
[ WIRZS 0.958 9 0.848 9 0.813 8 (—1.592 5,3.290 3)
DR S 0.990 8 0.863 1 0.039 6 (0. 744 3,0.981 9)

http: // zkxb. xjtu. edu. cn




%5

U E S O PTG e 14 2R TG A IR 45 K O 22 23 T O IR BE 5T 165

4 LEHIE

ASSCHR T — T A AT LG A AR e T AR
FFHR A5 F 0 22 22 3 J5 vk« o SO T A T 1A SRy 3 O Bk
LER I D REBESR L T7 (T BB A AR Ao A 5 4R H T
AL T A A e AT L S A T L A R AT L A
TR 7 AR AL 15 RE B s BT 1 C A O L G &R
RN 05 o Al Al 249 R0 2 03 AR Rk 5 L T 0 e
TC A J5 748 5 K 95 4 1) B B L SR I 1530 s fie s - LARAR
BLAE I 18] B2k 51 A 27 7 s AR AT B e A SR IE 1%
J7 SR AT M 2 R S R O3 A O 1k AR A
P LR ARG B PR A AT SRR . AR SR T T
VE XL S BT 7R JR R O I S5 R ) 5 A R T A 22
Oy BT BAT — 5 B IE R X T 6 A 2 Y )R
IFHREH B R B A 22 0 0 BT — B W8 5 38 3L

Y

(1] XK, Fhi R, FROE, S5, 7 I AR i #fF 50

REARN R kRS [J] P TRk, 2018,
54(11) . 1-28.
LIU Jianhua, SUN Qingchao, CHENG Hui, et al.
The state-of-the-art, connotation and developing
trends of the products assembly technology [J]. Jour-
nal of Mechanical Engineering, 2018, 54(11); 1-28.

(2] Sk, PREE, T2, 4. T R 2215 38 19 &2 2= ML

Y VR OSTvE U7 e B A 7 B i N =
2021, 55(4) . 86-94.
ZHANG Jiakun, CHEN Kun, YU Hui, et al. Assem-
bly unit partitioning method of complex mechanical
products for error propagation [J]. Journal of Xi’an
Jiaotong University, 2021, 55(4) . 86-94.

[3] LAPERRIERE L, GHIE W, DESROCHERS A. Sta-
tistical and deterministic tolerance analysis and synthe-
sis using a unified Jacobian-Torsor model [J]. CIRP
Annals, 2002, 51(1); 417-420.

[4] DESROCHERS A, GHIE W, LAPERRIERE L. Ap-
plication of a unified Jacobian-Torsor model for toler-
ance analysis [J]. Journal of Computing and Informa-
tion Science in Engineering, 2003, 3(1). 2-14.

[5] CHEN Hua, JIN Sun, LI Zhimin, et al. A compre-
hensive study of three dimensional tolerance analysis
methods [J]. 2014, 53;
1-13.

[6] CHEN Hia, JIN Sun, LI Zhimin, et al. A solution of
partial parallel connections for the unified Jacobian-

Torsor model [J]. Mechanism and Machine Theory,

Computer-Aided Design,

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

http: // zkxb. xjtu. edu. cn

2015, 91. 39-49.

ZENG Wenhui, RAO Yunging., WANG Peng. et al.
A solution of worst-case tolerance analysis for partial
parallel chains based on the unified Jacobian-Torsor
model [J]. Precision Engineering, 2017, 47 276-291.
JIN Sun, DING Siyi, LI Zhimin. et al. Point-based
solution using Jacobian-Torsor theory into partial par-
allel chains for revolving components assembly [J].
Journal of Manufacturing Systems, 2018, 46 46-58.
LIU Ting, ZHAO Qijian, CAO Yanlong. et al. A ge-
neric approach for analysis of mechanical assembly
[J]. Precision Engineering, 2018, 54 361-370.

X g, BT T AT B Y 2R C 1R 25 4 i 7 BF Y (DL
BUM : WITL R, 2019,

LAPERRIERE L, LAFOND P. Modeling tolerances
and dispersions of mechanical assemblies using virtual
joints [C]// ASME 1999 Design Engineering Technical
Conferences. New York, NY, USA:. ASME, 1999.
933-942.

DESROCHERS A. Modeling three dimensional toler-
ance zones using screw parameters [ C]/ ASME 1999
New

Design Engineering Technical Conferences.

York, NY, USA: ASME, 1999. 895-903.

SRR, B, ZEMG R, SF. BT E AT LU OBE & R R S8
BR 002 22 A L], HRHLAE il 3 R4, 2011, 17
(1) 77-83.

ZHANG Weimin, CHEN Can, LI Pengzhong, et al.
Tolerance modeling in actual working condition based
on Jacobian-Torsor theory [J]. Computer Integrated
Manufacturing Systems. 2011, 17(1). 77-83.

e, T T LOiE o B B Y = 4 A 25 03 M 7 R AT
RAe sl rch R (D] L. BilEssd R,
2015.

GHIE W, LAPERRIERE L, DESROCHERS A. Sta-
tistical tolerance analysis using the unified Jacobian-
Torsor model [ J]. International Journal of Production
Research, 2010, 48(15): 4609-4630.

CHEN Hua, JIN Sun, LI Zhimin, et al. A modified
method of the unified Jacobian-Torsor model for toler-
ance analysis and allocation [J]. International Journal
of Precision Engineering and Manufacturing, 2015, 16
(8): 1789-1800.

AR B, TRFE B IR B TC BT A U A 4 ) 7 ¥R BIF 5
[D]. WA/RE: W/REE TR, 2020,

FREREL. BT R AL R e 22 oy AR B B b 5 (D,
vrm e AR RA, 2017,

CREEEE 222 50)




222 [ TS S R N S 55 56 &
pulsion Technology, 2016, 37(10) . 1839-1846. struts [J]. Experimental Thermal and Fluid Science,

[19] BROWN K, GUILLOT S, NG W F, et al. Experi- 2000, 22(3/4): 183-195.
mental investigation of gas turbine axial diffuser per- (23] TWEF. ZEERI, 2240, 378 M B0 28 A% ) 0 A i 31
formance; part |  parametric analysis of influential YRR RALHER Y R A Eme g m [J]. s
variables [C]// ASME Turbo Expo 2020: Turbomach- A 2021, 42(6) . 1245-1255.
inery Technical Conference and Exposition. New DONG Yuxuan, LI Zhigang, LI Jun. Effects of airfoil
York., NY, USA:. ASME, 2020: V02DT36A016. and radial tilt design of struts on aerodynamic perform-

[20] BROWN K, GUILLOT S, NG W F, et al. Experi- ance of gas turbine exhaust diffuser [J]. Journal of
mental investigation of gas turbine axial diffuser per- Propulsion Technology, 2021, 42(6). 1245-1255.
formance: part [  effect of inlet flow profiles at on- [24] VASSILIEV V, ROTHBRUST M, IRMISCH S. Re-
and off-design conditions [C] // ASME Turbo Expo fitting of exhaust diffuser of industrial gas turbine [C]
2021: Turbomachinery Technical Conference and Ex- // ASME Turbo Expo 2008: Power for Land, Sea,
position. New York, NY, USA. ASME, 2021. V02 and Air. New York, NY, USA:. ASME, 2008: 979-
CT35A001. 987.

[21] UBERTINI S, DESIDERI U. Flow development and [25] SIOREK M P, GUILLOT S, SONG X, et al. A sen-
turbulence length scales within an annular gas turbine sitivity study of gas turbine exhaust diffuser-collector
exhaust diffuser [J]. Experimental Thermal and Fluid performance at various inlet swirl angles and strut
Science, 2000, 22(1/2): 55-70. stagger angles [J]. Journal of Engineering for Gas

[22] UBERTINI S, DESIDERI U. Experimental perform- Turbines and Power, 2018, 140(7). 072602.
ance analysis of an annular diffuser with and without (i AR AFR)

(L5 165 50

[19] VESTERSTROM J., THOMSEN R. A comparative 55(12) . 87-97.
study of differential evolution, particle swarm optimi- ZHANG Jiakun, CHEN Kun, GAO Jianmin, et al.
zation, and evolutionary algorithms on numerical Accuracy prediction and repair planning of steam tur-
benchmark problems [C] // Proceedings of the 2004 bine flow clearance [J]. Journal of Xi’an Jiaotong
Congress on Evolutionary Computation (IEEE Cat. University, 2021, 55(12). 87-97.

No. 04TH8753). Piscataway, NJ, USA: TEEE, 2004.  [24] Rk, BIER, BWAM ., B 5 TR AT HObE ALY
1980-1987. RN 2250 [T, ML S5 #T58, 2015, 31

[20] GUIGUE P, DEVILLERS O. Fast and robust triangle- (6): 97-100.
triangle overlap test using orientation predicates [J]. WU Changlin, HUANG Meifa, CHENG Binbin, et
Journal of Graphics Tools, 2003, 8(1): 39-52. al. Statistical tolerance analysis for assembly based on

[21] 4B25 Pk, THE, E, 5. 2506 = /A1 P A5 K8 the Jacobian-Torsor model [J]. Machine Design & Re-
Ak U i HLR A BE ST, 2008, 25(10): 2906- search, 2015, 31(6): 97-100.

2910. [25] B, WEM. RIGR. SRR 5000 kA4 &

(22]

(23]

70U Yisheng, DING Guofu, HE Yong, et al. Fast in-
tersection algorithm between spatial triangles [J]. Ap-
plication Research of Computers, 2008, 25(10): 2906-
2910.

ERICSON C. Real-time collision detection [ M]. San
Francisco, USA: Morgan Kaufmann, 2005; 184-194.

TRFEA . PRI, mid R, SR VAL U R] BRURS BE 0
SRR Jr ik m s (1], 78 % 3838 K24, 2021,

http: // zkxb. xjtu

. edu. cn

PO TG A B O 2 B RIOR AR [T, W % 3208 R R,
2014, 48(7) . 53-59.

LV Cheng, Al Yandi, YU Zhimin. Cylindricity toler-
ance model solution combining Monte Carlo simulation
with response surface method [J]. Journal of Xi’an

Jiaotong University, 2014, 48(7);: 53-59.
(i HHE AFR)




