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Abstract

In this paper, we perform structural analysis for a base frame which is used to support a motor for large centrifugal compressor
drives and a safety assessment according to the concrete placement. First, the structural analysis about four loading conditions for
the motor base frame was conducted and the structural safety was evaluated through both the maximum distortion energy theory
and Mohr-Coulomb theory. It was possible to perform a more reasonable safety evaluation against local stresses occurring at the
discontinuous portion of the fragile structural members by applying the safety assessment through ASME VIII Div. 2. In addition, the
motor base frames with and without the internal concrete placement were quantitatively compared by the structural analysis and
safety evaluation using ASME code and it was found to improve the structural integrity due to the concrete placement.

Keywords : motor base frame, centrifugal compressor drive, maximum distortion energy theory, mohr-coulomb
theory, ASME code VIII Div. 2, stress linearization
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Primary Secondary
Stress
General Local . Membrane Peak
Category Membrane Membrane Bending plus Bending
Description Average primary stress | Average stress Component of primary |Self-equilibrating 1. Inc added to
(For examples, |across solid section. |across any solid stress proportional to  |stress necessary to primary or secondary
see Table 5.2) |Excludes section. distance from centroid |satisfy continuity of stress by a
discontinuities and Considers of solid section. structure. concentration (notch)
concentrations. discontinuities but not |Excludes Occurs at structural 2. Certain thermal
Produced only by concentrations. discontinuities and discontinuities. stresses which may
mechanical loads. Produced only by concentrations. Can be caused by cause fatigue but not
mechanical loads. Produced only by mechanical load or by |distortion of vessel
mechanical loads. differential thermal shape.
expansion.
Excludes local stress
concentrations.
Symbol P P Py Q F

Use design loads

Use operating loads

5 allowable stress based on the material of construction and design temperature

3p5: allowable limit on the primary plus secondary stress range (see paragraph 5.5.6.)
3, alternating stress obtained from a fatigue curve for the specified number of operating cycles

Fig. 1 Stress categories and limits of equivalent stress(ASME, 2013)
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Fig. 2 Models of the motor base frame

Table 1 Sectional information of beam types

B : Sectional size(mm)
eam e
e HxB t1(mm) | t2(mm)
200x200 9 -
Square pipe 200%x150 9 -
150%150 9 -
Channel 200%x150 8 13.5
t1
H H t2
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Motor base

Upper plate is in
(concentrated forces)

contact with X-member

Plate

All translational
DOFs at the bottom
of frame are fixed
(fixed ux, uy, and uz)

(a) Model A
Fig. 3 Finite element models of the motor base frame
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Concrete is filled
up to 50 mm below, : e Motor base

upper X-member entrated forces)

Plate

All translational DOFs at
the bottom of frame and
concrete are fixed
(fixed ux, uy, and uz)

(b) Model B

(d) Re-feeding transitory
torque
Fig. 4 Four load conditions for the motor base frame

(c) Biphase short circuit
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Table 2 Load and boundary conditions for structural analysis
Case Loading condition Boundary condition
Ala) Machine weight only Bottom of members: All translational DOFs are fixed
Model A A(b) Rated torque Bottom of members: All translational DOFs are fixed
ode
Alc) Biphase short circuit Bottom of members: All translational DOFs are fixed
A(d) Re-feeding transitory torque Bottom of members: All translational DOFs are fixed
B(a) Machine weight only Bottom of members and concrete: All translational DOFs are fixed
Model B B(b) Rated torque Bottom of members and concrete: All translational DOF's are fixed
ode
B(c) Biphase short circuit Bottom of members and concrete: All translational DOFs are fixed
B(d) Re-feeding transitory torque Bottom of members and concrete: All translational DOFs are fixed
Table 3 Structural analysis results of model A =z el Wi E232|ES M= Zo] £38|E nepd o)
Case ) | o MPa) [ SE, Aguek PR ZoN S 53} g FrANG
(total) (beam) (beam) %’5‘]—04 Q?lé}giq
A(a) 0.23 98 2.1 o Aoix . A Zokeh LzobAAL Ho]
AN 5] 1 =] o) S
Nodel A Ab) 0.25 130 1.6 E]"ﬁ" E.'Oﬂ _11_- '?L-’—OHﬂ éﬂ—oﬂ 1 ‘|4—1§_ ;L—'—x_x_oa E\__
oce Alc) 0.59 360 0.57 =g A9 Ale) 2 A(d)S Z3EJ} BHEE =Y B
A [ 098 580 0.36 Bo) % B@e udtel $AEe 42% 5 2d%A9
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Table 4 Structural analysis results of model B

c U (T 0 (MPa) SE in

ase (total) (beam) (beam)
B(a) 0.07 16 13 3.5 ASME FZ¢H4A =7}

Model B B(b) 0.07 22 9.5
oae
B(c) 0.13 59 3.5 -
i i £ o]g3lo] TE

B@) 0.19 94 55 ASME BPVC Section VIII Div. 2& ©]&3}c] ]
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A 25, Hd¥e= < 0.98mmel™ ® FA A
ZRAoz HSE H80MPac]l HHAHeH HAAFE
0.3602 FzAow okt A= solaiyn}. Fig. 5 The definition of member number for the
W] Wo]~ o) Wite] EAES Bages 7 motor base frame
PSS B3t 2d Bell diste] Ble)e A%, Hul
A= 9F 0.13mm, ¥ FAlA F5Ho2 e
MPao| At o) HEF oA o]&e ZAS A
A% 350900 B@S A, AhadE o 0.19mm, | S <
W R FRAow AUlgHe 9AMPacE SAASE N o
228 AAFoR Yl AHCE WY ¥ CHAAF 5 BE Wembrane stress Membrane stress + Bending stress

Al A ¢ =& Rk AE HTE = 2H Hlo]lA Fig. 6 Results of equivalent stress for member SP #04
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Table 5 Results of structural analysis using criterion
from ASME code for model A
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Table 7 Results of structural analysis using criterion
from ASME code for model B

Ale) b PLtPhrQ B(c) L BLrBtQ
Location FEA |Criteria| FEA |Criteria| Remark Location FEA |Criteria| FEA |Criteria| Remark
(MPa) | (1.58) | (MPa) | ({3.08) (MPa) | ((1.58) | (MPa) | (€3.0S)

Square pipe #01 138 292 215 585 Passed Square pipe #01 23 292 29 585 Passed
Square pipe #02 66 292 103 585 Passed Square pipe #02 11 292 15 585 Passed
Square pipe #03 67 292 82 585 Passed Square pipe #03 41 292 51 585 Passed
Square pipe #04 | 233 292 307 585 Passed Square pipe #04 14 292 17 585 Passed
Square pipe #05 65 292 74 585 Passed Square pipe #05 43 292 57 585 Passed
Square pipe #06 30 292 34 585 Passed Square pipe #06 20 292 217 585 Passed
Square pipe #07 26 292 25 585 Passed Square pipe #07 [ 292 7 585 Passed
Square pipe #08 28 292 37 585 Passed Square pipe #08 11 292 14 585 Passed
Square pipe #09 10 292 9 585 Passed Square pipe #09 1 292 2 585 Passed
Square pipe #10 44 292 59 585 Passed Square pipe #10 25 292 30 585 Passed
Square pipe #11 24 292 30 585 Passed Square pipe #11 13 292 15 585 Passed
Square pipe #12 46 292 62 585 Passed Square pipe #12 25 292 32 585 Passed
Square pipe #13 41 292 47 585 Passed Square pipe #13 12 292 12 585 Passed
Square pipe #14 41 292 47 585 Passed Square pipe #14 12 292 12 585 Passed
Square pipe #15 39 292 39 585 Passed Square pipe #15 2 292 2 585 Passed
Square pipe #16 20 292 23 585 Passed Square pipe #16 6 292 6 585 Passed
Square pipe #17 20 292 23 585 Passed Square pipe #17 6 292 [ 585 Passed
Square pipe #18 17 292 17 585 Passed Square pipe #18 1 292 1 585 Passed
Channel #01 88 292 127 585 | Passed Channel #01 5 292 8 585 | Passed
Channel #02 41 292 59 585 | Passed Channel #02 3 292 4 585 | Passed

Table 6 Results of structural analysis using criterion
from ASME code for model A

Table 8 Results of structural analysis using criterion
from ASME code for model B

P PLIPLHQ B(d) | DutRtq
A(d) O VN . FEA |[Criteria| FEA |Criteria|Remark
. FEA |Criteria| FEA |Criteria| Remark Location
Location (MPa) | ((1.58) | (MPa) | (¢3.08) (MPa) | (€1.58) | (MPa) | ((3.08)

Square pipe #01 | 223 | 292 | 347 | 585 | Passed Square pipe #01 | 37 | 292 | 46 | 585 | Passed
Square pipe 02 | 152 | 292 | 237 | 585 | Passed Square pipe #02 | 25 | 292 | 32 | 585 | Passed
Square pipe #03 | 108 | 292 | 132 | 585 | Passed Square pipe #03 | 65 | 292 | 81 | 585 | Passed
Square pipe #04 | 376 | 292 | 494 | 585 | Failed Square pipe #04 | 22 | 292 | 28 | 585 | Passed
Square pipe #05 | 105 | 202 | 120 | 585 | Passed Square pipe #05 | 70 | 292 | 92 | 585 | Passed
Square pipe #06 | 69 | 292 | 80 | 585 | Passed Square pipe #06 | 46 | 292 | 61 | 585 |Passed
Square pipe #07 | 41 | 292 | 40 | 585 | Passed Square pipe #07 | 12 | 292 | 15 | 585 | Passed
Square pipe #08 | 45 292 59 585 | Passed Square pipe #08 18 292 22 585 | Passed
Square pipe #09 | 25 | 292 | 22 | 585 | Passed Square pipe #09 | 2 | 292 | 2 | 585 | Passed
Square pipe #10 | 73 | 292 | 92 | 585 | Passed Square pipe #10 | 41 | 292 | 49 | 585 | Passed
Square pipe #11 | 52 | 292 59 | 585 | Passed Square pipe #11 | 29 | 292 | 34 | 585 | Passed
Square pipe #12 | 75 292 97 585 | Passed Square pipe #12 | 41 292 52 585 | Passed
Square pipe #13 | 65 202 76 585 | Passed Square pipe #13 | 19 292 19 585 | Passed
Square pipe #14 65 292 76 585 | Passed Square pipe #14 19 292 19 585 | Passed
Square pipe #15 62 292 62 585 | Passed Square pipe #15 3 292 3 585 | Passed
Square pipe #16 | 44 292 52 585 | Passed Square pipe #16 13 292 13 585 | Passed
Square pipe #17 44 292 52 585 | Passed Square pipe #17 13 292 13 585 | Passed
Square pipe #18 | 40 292 40 585 | Passed Square pipe #18 292 2 585 | Passed
Channel #01 141 292 203 585 | Passed Channel #01 292 13 585 | Passed
Channel #02 94 292 135 585 | Passed Channel #02 292 9 585 Passed
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