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ABSTRACT

This research is to analyze the failure of swing shaft made of high strength steel
AISI 4340 and use in the swing power transmission system of Electric Shovels. The advantage of
this analysis is to select the best welding process to repair the shaft. After having fractured
surface, visual examination of the fractured surface indicates cracks initiated from the fillet
shoulder. To find out the cause of fracture of the shaft, the analytical solution was carried out to
investigate the stress of the shaft under full loading during working. Result of stress analysis
reveal that the maximum stress area was at the fractured regions of the damaged shaft. The
maximum stresses predict under shock loading was believed to be the cause for fatique crack
initiation and propagation of this failure. The failure analysis confirmed that the fatigue fracture
of the shaft was caused by abnormal operation. Finally, some advices to select the best welding

process are discussed of this swing shatft.
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Elements Composition (%owt)

Carbon 0.39
Chromium 0.80
Manganese 0.74
Molybdenum 0.23
Nickel 1.72
phosphorus 0.024
Silicon 0.19
Sulfur 0.019
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Life Prediction Diagram
Swing Shaft FCAW
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2 Final drive shaft 980,656
3 Final drive gear 1,561,704
4 Final drive pinion 1,852,000
5 Lower roller 538,640
6 Second reduction shaft 570,000
7 Shipper shaft 2,206,495
8 Shipper shaft pinion 1,300,000
9 Swing pinion 680,000
10 Swing shaft 650,000
11 Front idler shaft 150,000
12 Lower roller pin 120,000
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(n4)

R.5)

o < o
AT N N.1 LLﬁ@Nfﬂﬁﬂig‘lméﬁlﬂlluﬁﬂ”Iﬁ‘l/lﬂﬁi’]‘ﬂﬂ’J”IiJETWEU’E)Qlﬁaﬂﬂéﬁﬂﬁuﬁi‘ﬂuuiﬁﬁﬁq\i AISI 4340

AlISI4340
life stress
n=4 X y x~=logx y~=logy (x~)2 (y~)2 (x~y~)
435,609 | 400 | 5.639097 | 2.60206 | 31.79941 | 6.770716 | 14.67327
85,546 600 4.9322 | 2.778151 | 24.32659 | 7.718124 | 13.7024
13,025 700 | 4.114778 | 2.845098 | 16.9314 | 8.094583 | 11.70695
11,831 800 | 4.073021 | 2.90309 | 16.5895 | 8.427931 | 11.82435
sum 546011 | 2500 | 18.7591 | 11.1284 | 89.64691 | 31.01135 | 51.90696
a=903.2
b=-0.16919

) [ o a 4 < °
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N = 10-016919

(n.6)



900
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800

700

~

600

500

®

400

y=376

3 169

o

300

R?=0.9372
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Alternating Stress(MPa)
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FCAW
life stress
n=7 X y x~=logx | y~=logy (x~)2 (y~)2 (x~y~)
6,713,160 | 300 | 6.826927 | 2.477121 | 46.60693 | 6.13613 | 16.91113
1,467,630 | 350 | 6.166617 | 2.544068 | 38.02716 | 6.472282 | 15.68829
804,931 400 | 5.905759 | 2.60206 | 34.87799 | 6.770716 | 15.36714
105,401 500 | 5.022845 | 2.69897 | 25.22897 | 7.284439 | 13.55651
216,760 600 | 5.335979 | 2.778151 | 28.47267 | 7.718124 | 14.82416
51,210 700 | 4.709355 | 2.845098 | 22.17802 | 8.094583 | 13.39858
1,710 800 | 3.232996 | 2.90309 | 10.45226 | 8.427931 | 9.385679
sum | 9,360,802 | 3,650 37 19 206 51 99
a=1560.9

b=-0.12721
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Y Y 1
MTN N3 Llﬁﬂﬂfﬂiﬂigcb'ﬂ‘fl)’f)ﬁ;l'ﬂﬂTi“lﬂﬂﬁﬂﬂﬂ’ﬂﬂﬁﬁﬂlﬂﬂ%u‘nﬂ’dﬂﬂ!ﬁﬂﬁfﬂuLlﬁJﬂ
MAG
life stress
n=4 X y x~=logx y~=logy (x~)2 (y™)2 (x~y~)
1,582,570 350 6.199363 | 2.544068 | 38.4321 | 6.472282 15.7716
202,039 400 5.305435 | 2.60206 | 28.14764 | 6.770716 | 13.80506
39,854 500 4.600472 | 2.69897 | 21.16434 | 7.284439 | 12.41654
3,663 600 3.563837 | 2.778151 | 12.70093 | 7.718124 | 9.900878
sum 1,828,126 1850 | 19.66911 | 10.62325 100.445 | 28.24556 | 51.89408
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SMAW

life stress
n=5 X y x~=logx | y~=logy (x~)2 (y~)2 (x~y~)
1,166,063 350 6.066722 | 2.544068 | 36.80512 | 6.472282 | 15.43415
203,481 400 5.308524 | 2.60206 | 28.18043 | 6.770716 | 13.8131
86,168 500 4935346 | 2.69897 | 24.35764 | 7.284439 | 13.32035
52,474 600 4.719944 | 2.778151 | 22.27787 | 7.718124 | 13.11272
4,270 700 3.630428 | 2.845098 | 13.18001 | 8.094583 | 10.32892

sum 1,512,456 2550 | 24.66096 | 13.46835 | 124.8011 | 36.34014 | 66.00924

a=>532.7 uag b=-0.13232
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o [ < I o 1 g
urlnime U Fu1lgemInundans 9819 Marine equation S, = K, K, K K K K .S," flusae l1il

|l K, o uvlnmesuFuizeia mldnnaums K, = as’,
Surface Factor a Factor a Exponent
finish S kpsi S MPa b
ut ut

Ground 1.34 1.58 -0.085

Machine or cold-drawn 2.70 4.51 -0.265

Hot-rolled 14.4 57.7 -0.718

Asforged 39.9 272 -0.995

v ¥ -0.265

WU K, =4.51(1044) “"=0.715
)|l K, Ao wilnmefSullgsvun wildnnaums K, =1.514*"
d0.3) """ =0.879a """ 0.11<d<2in
K, 0.91d "7 2<d<10in
@7.62) """ =1.24d """ 2.79 <d <51 mm
1.51d " 51<d<254mm

P
v @

aiu Ky = 1.51(203.3) """ = 0.655




v Y
K, o uvlnmesuFuilzanisz Tuana Tuiiilde 0.59
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1 bending
0.85 axial
0.59 torsion

12
K, Ao wlnmesSullgsguugiildan mldonaums K =s/s,, Iuiilldn

flu
Temperature (C") Se/Sgr
K, 20 1
50 1.01
K, Ao ulawasnnuinyede mldnnaums K=1-0.08z, luiilldauilu
0.868
Reliability % Tranformation Variate z,, Reliability factor K
50 0 1.000
90 1.288 0.897
95 1.645 0.868
99 2.326 0.814
100 3.091 0.763




duiu K, - K, 2K, 2K, 3K, 2K, =0.71520.65520.592130.868 = 0.24
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a5199 2.2 soaadn 1 u T sunsu Solidwork

Ly

GearTrax2006

File W¥iew Insert Tools Help

130.5000mm

13.943mm

. 2000rmrm

196, 8500rm
184. 408Emm

Spline Size MHumber of Teeth Spline D ata ]
i itch: 4.000
4/8 Diametral Fitch RN Dismetial pitch: -
Madule pitch: E£.3500
. |
Uzer Input DF [Stub]: g.000 =
,7 Fitch diarneter: 196.8500rmm
Int spline 0D: 203.2000mm Baze diamster: 70477 mm
Int. length: |155. 0000mm |20.000 Ciroular pitch: 19,949 rmm
8t ||
Ext. length: 155.0000mm Space width int: | 10.0384mm
Tooth thick ext: m—l
Major dia. int: 208 2800mm—!
Create Roat and Fit Majar dia. ext: 203 2000mm—!
- —— Minor dia. int: 190.5000mm !
Fillet root, side fit - |
Minar dia. ext: 184.4086mm
| [Class5 =] || Fom dia int 203 E100mm—
Internal / Extenal | Internal Form dia. ext: 130.0300rrm
External Oy Only Clearance: 01277mm
3.3107mm

Spur.-'HEIicaI] BE'.'ElGEﬁrEI Sprcckets] Gear Belt Pulleyz | Belt Pulleys | Worm Gears Splinse] r.lcuntingl

Uzer input
Einish

Exit
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%3 Save CAD File 1¥1#luln§nans Parasolid File winana . xmt wiouizdaliimsigd

FeoTusunsuma 1 ludeamud

ﬁ 4/8 Diametral Pitch, 7.750C
Tooth-Cut, D.P.=4.000, P.A
45 Tooth Pattern, 31

& 3/4-10 Tapped Holel
- Chamfer3
e e

W Favorites - Libraries
Tl Desktop W System Folder

= Downloads
%] Recent Places (A A
System Folder
=1 Libraries
& Documents
3 Music

1 Pictures Network
m Videne S

Computer
System Folder

Save as type: |Parasolid (‘act)

Description: Add value here

(= Hide Folders
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EEE | | RERNEOEN ENENRG UENEREEEN EPE W R
| & [z} B | i}
i Load Ca Feids Analyss Besfis Insight Y Pk
»
S el
Tempiate Database Name
v | C:WSC SoftwarePatrant2008_r1 template db
» Change Template ...
¥ Modity Preferences...
2 Look j | £ Shait S eBcm
Flepane  [owno \\Bj o | C>
Fies of e [Datobase Fies {*.db) =l Concel |
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x| Model Preference for:
QE Swing o
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=i  Defaut
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o Appeoximate Maxinum
[ | Modei Dmension
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Analysis Code:
MSC Nostren “ : )
&+ Analysis Typs:
Structural ¥
K| B | et |
-
[
Z__ X
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#I New Modet Pretorence |
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Parasolid Wnana @iy xmt na Apply TasFuaiuvesuuusiaeamnaraialdien
Uszinn' 131y 904 Entity Types

B ratran 20081
|Ho Group Viewpart Viewing Oisplay Preferences Took [t Cotrol Help  Utities
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® & ¢ L ® 1) i @ ® @ =3
Geometry Elements Loads/BCs Materisls Properties LoadCa.. Felds  Analysis  Resks  Insight  XYPlot
I Swing.db - default_viewport - default_group - Entity 5 [=] 3 Sx
. Import i1 =10 =]
Lok [ 5t - @cm- Ot oo v |
e Q) Swrce  pumsokiomt v |
Current Group
| detour_group Es«nnme
P-uddxnm...‘ B | Perameiriced Sobt +
Trimmed Surface Type
General Trimmed ¥
Flopame:  [ait Apply |
Fies of typec  |Pasasobd Transent Fies (" x') | Cancel ] ~gﬁm
§ Lérysr rrirmibee s
[ Ll
b Model Links.
Croate Groups from Layers
- Sew Sheet Bodies
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Geomatry B, loadsfBCs Materids Properties losdCa.. Fds  Andbyss  Rests  Insght  XVFt

I Swing.d A viewport - default_group - Entity - &M_X

2
1 }'E

Action: Create ¥

| i o
Method: Pont vI
Cooed D List

|2

-0

Reter. Coordinate Frame
| Coord 0

LA mmiale]

¥ Auto Execute

Orign
[oog)

[+ &80 #X -

Point on Axis 3
[T

Point on Plane 1.3
{1100}

2 %13 Cylindrical Coord tfi3U8ALY bearing

Geometry |
For Help, press F1 TR
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=E Design |.f5. Calculation I Jene Grapl"lsl

Placement
|ﬁ| |ﬁ| |ﬁ| | 75 | Axis, Start, Orientation

Sections

| Sections

Cylinder 83 x 74

4
4

Cylinder 203,.2 x 391
Cone 203.2f 235 x 50
Cylinder 235 x 508
Cone 235/ 178.5x 174

Cylinder 178.5 x 29

Mmoo o
BE &l oo

Cylinder 177.8 x 311
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Material Loads & Supports Results = «
1= L 1537.000
= @ e -
Mass 403,908 kg
Modulus of Elasticity E 206000 MPa b Fixeed support type g 169,543 MPa
Modulus of Rigidity G 30000 MPa b Tg 21.032 MPa
Density p 7aG0kgim~3 b EI Free suppart type T 30.902 MPa
or 0.000 MPa
Calculation properties e 179.523 MPa
Use density Frnsx 2970.601 microm
[|Use shear displacement ratio 1188 ul 3 [ 0.17 deg
Number of Shaft divisions 1000 ul 3 _1.load
f; -0.000 microm
Maode of reduced stress Tresca-Guest - M
fy 0.000 microm | _
20 Preview 2. Load
fy -2414,450 microm
fy -859.919 microm
I 3. Load
fy -2414,450 microm
fy -869.919 microm
o q ) & fed ® ¢ [} ded @
= 1. Support
Fz 0.000N
Fy -641009.721 N
Fy -2306585.684 N
Yy 0.000 microm/M
4:36:52 PM Calculation: Calculated. fy -0.000 microm
fx 0,000 microm
2. support
Fz 0,000 N
Fy F70846. 708N _
#
# E3
[ calate  |[ ok ][ cencel |[>>]

51 2.3 nmlszneumussens .3

U )



' 4 a J
2.4 1919 T1iua Graph 1NeQNANITAATIZHIAN

¢ludiundeams

167

ﬂ Graph Bending Moment
Shaft Component&ne
| £ Desion | fo Caladation| ¥ Graphs e =]
|
[ Graph Selection Graph Results = « I
Shear Force L 1537.000 mm |
YZPlane Mass 403.908kg |
XZ Plane
T 168,543 MPa
YZ P:ane Tg 21,032 MPa
XE Plane
Deflection Angle o 5 T 30.902MPa
YZ Plane or 0.000 MPa |=
De;i;me Ged 178,523 MPa
YZ Plane frnay 2970601 microm
XZ Plane
Bending Stress 0 0.17deg
YZ Plane 1. Load
XZ Plane 150000 — T T .
Shear Shress - fy ~0.000 microm b
YZ Plane 7 fy 0.000 microm
XZ Plane 100000 - 2 Load
Torsional Stress — :
Tension Stress = ] fy -2414.450 microm
Reduced Stress s f 869,919 microm
Ideal Diameter 50000 *
i 3. Load
2 fy -2414,450 microm
T — - )
0 500 1000 1500 | -869.919 microm
Length [mm] 1. Support
i) 0.000M 7 ¢
¥ ¥
1l 1l ] i
JU .4 MNUITNDUAIUTIVY 2.4 Graph Bending Moment
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ﬂ Graph Bending Stress
 Shaft Companent |
| f, Calulation | 5 Graphs
, Graph Selection Graph Results I= i
Shear Force L 1537.000 mm
¥Z Plane Mass 403,908 kg
XZ Plane
Bending Moment I ] 169,543 MPa
YE P:ane T5 21.032MPa
XZ Plane
Deflection Angle . - . s . & 30.902 MPa
YZ Plane PN or 0,000 MPa |=
Dcfecton G RSN
YZ Plane 2970,501 microm
XZ Plane
: 0-17deg
YZ Plane 1. Load
XZ Plane e :
S Shess o fy -0.000 microm b
YZ Plane fy 0,000 microm
XEPlane 2.10ad
Torsional Stress 100 —
Tension Stress = fy -2414,450 microm
Reduced Stress < fy 869,919 icrom
Ideal Diameter =] 4 I |
3. Load
5 2 fy -2414.450 microm
0 T e U 869,919 microm
Length [mm] 1. Support
F 0.000N 7 ||e
¥ ¥
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U o

| &k Desion | 75 Calaation | ¥ Graphs |
Graph Selection Graph Results B « |
| Shear Force L 1537.000 mm
¥Z Plane Mass 403.908 kg |
XZ Plane
Bending Moment Og 169.543 MPa
¥z P:aﬂe g 21.032MPa
¥Z Plane
Deflection Angle . - o T 30.902MPa
¥Z Plane ar 0,000 MPa |=
iy e 179,523 s
YZ Plane finax 2970601 microm
XZ Plane
Bending Stress b 0.17deg
YZ Plane 1. Load
= fy -0.000 microm
- "
Y¥Z Plane 20 21 0316 fx 0,000 microm
XZ_ Plane 2 Load
Torsional Stress —
Tension Stress - fy -2414,450 microm
)
Reduced Stress g 10 fy -869.919 microm
Ideal Diameter =
| | - - - 3. Load
0 fy -2414,450 microm
i T T T T T ¥ T T T T T T )
0 500 1000 1500 fx ~869.919 microm
Length [mm] 1. Support
Fr 0.000N 7| &
¥ ¥
(o J{ et J1]
1 Usznoud
JU .4 MNUITNBUATUITTYY 2.4 Graph Shear Stress
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Placement

& Desion | f Calaulation | [ Graphs |

Sections

|ﬁ| |E| |ﬁ| | W | Axis, Start, Orientation [Mate

| sections

DR KR AR

A

-

A

Cylinder 89 x 74
Cylinder 196,85 x 155
Cone 196.85/ 235 x 286
Cylinder 235 x 505
Cone 235/ 177.8 x 174

Cylinder 177.8 x 340

el =1 2
»

—
=
—
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2.3 191g Tnua Calculation Tderuiiadeg szyusnuIuda uaznsez Tvana

v Componen erecio I &

Im‘ F5 Calculation | 2 Graphs|
Material Loads & Supports Results = «
— = L 1537.000 mm
[ser meter &) » =
— Mass 408.817 kg
Modulus of Elasticity E 205000 MPa + » Fixed support type ap 135.929 MPa
Modulus of Rigidity G 80000 MPa + Tg 18,942 MPa
Density P 780kg/m~3 b M = |* 30302 MPa
or 0.000 MPa
Calculation properties Gt 141,453 MPa
[¥]Use density Frnax 3093,729 microm
[¥] Use shear displacement ratio 1.188 dl + [} 0.17 deg
Mumber of Shaft divisions 1000 ul 3 1.Load
fy 0,163 microm
Mode of reduced stress HMH - X
fy 0.05% microm | _
2D Preview 2. Load
fy -2526.612 microm
fy -910.295 microm
I 3.Load
fy -2526.612 microm
fy -310,295 microm
b o4 ¢ o ¢ ® ¢ o i
Fz 0.000N
Fy -542077.555 N
Fy -195077.736 N
Yy 0.000 microm/M
11:20:21 AM Calculation: Calculated. fy ~0.000 microm | 7
fx 0.000 microm
2. Support
Fz 0,000 N
Fy 671962.677N
#
# &
[ claate |[ ok ][ caneel |[>:]

31 .3 mwlszneumussee 9.3
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Graph Bending Moment
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B Ry al
Shaft Component Gi @
& Desion | fo Calaulation | 125 Graphs w H| 4
Graph Selection Graph Results = hi

Shear Force L 1537.000 mm
;i E}ane Mass 408.817 kg
ane
Bending Moment Og 135,929 MPa
YZ P:ane T 18.942 MPa
XZ Plane
Deflection Angle ) . ez T 30.902 MPa
¥Z Plane & o 0.000 MPa |=
XZ Plane -
Deflection Ored 141.453 MPa
¥Z Plane P 3093.729 microm
¥Z Plane
Bending Stress [} 0.17 deg
YZ Plane 1. Load
XZ Plane 150000 T fy 0.163 microm
Shear Stress 139718 B
YZ Plane fy 0,058 microm
¥Z Plane 100000 2. Load
Torsional Stress P we )
Tension Stress = fy -2526,612 microm
Reduced Stn i
Idialf%eiame;fs Z, 50000 af | | | fy -510,295 microm
| 3. Load
5 fy -2526.612 microm
. — — - ]
500 1000 1500 fx -910.295 microm
Length [mm] 1. Support
Fx 0.000N 7| |g
¥ ¥

31 .4 MwilszAeUA1UII818 9.4 Graph Bending Moment



Graph Bending Stress
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Gragh

| Results -||%

n 1537.000mm | |

=Mus 08517hg

1% 135.929 P2

% 18.942 M2

* 3.5024Pa

ior 0,000 MPa |5

™ 141,453 M

fog 363729 microm

[} 0.17¢kg

| 1.Load

|fy 0,163 migom

ifx 0.053 migom
Zload

|fy 2526612 microm

[ty 510,295 mgom

| 3. Load

;f,, -2526,612 microm

|fy 10,285 mirom

| 1. Support .

= QO0N 7|«

.|'.

31 9.4 MmalszneudI581e 9.4 Graph Bending Stress
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ﬂ Graph Shear Stress
Shaft Component Ge |
E[F Desion | £ Calaulation | s Graphs .Q@
Graph Selection Graph Results i~ &«
Shear Force E 1537.000 mm
YZ Plane Mass 408,817 kg
XZ Plane
Bending Moment Tg 135,929 MPa
YZ Plane T 18.942 MPa
XZ Plane
Deflection Angle S " el . -4 30,902 MP2
¥Z Plane N o 0.000MPa =
DE’;@E,LZ”: L 141.453MPa
YZ Plane Fos 3093.729 microm
XZ Plane
Bending Stress 4 0.17 deg
YZ Plane 1. Load
X7 Plane il S S— e S — pre— -
— fi 0.163
15,9421 | | | i micrem |
YZ Plane 15 | N | | | | | | | = fx 0,059 microm
XZ Plane 2. Load
Torsional Stress | I I — :
Tension Stress =10 1 : - : - - 1 1 1 fy -2526,612 microm
Reduced Stress ¢ fy 910,295 microm
Ideal Diameter = & | | | | <
1 3. Load
. | | | = fy -2526,612 microm
; - - - . ; - - - - : - - - - - :
] 500 1000 1500 fi -910.295 microm
Length [mrm] 1. Support
Fa 0.000N 7 ||«
# ¥
[»>

31 .4 MnilszneUAIUIIEY 5.4 Graph Shear Stress
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Technical Drawing YD UWAE I nazseuvuaIeiisvazideanne 11

ﬂ Drawing GEVIRLEN Support ﬂlﬂﬂlwa1ﬁﬁﬂllazﬁnmﬂﬂﬂlﬂdSupport

31 9.1 Drawing ¥BaWa1A3
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gﬂ 1.2 Tapered Roller bearing
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31 9.3 MU UVB T view 1

Diagram uamiduuuauaz auaw isNuuLman

X Splines A(lawss)
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! . 1081
393.3mm

Splines B(Fixed)
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-
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Swing shaft «

Tapered roller bearing - %
Swing pinion - “
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1. doyanamaiin

soyalulih

P&H2100BL

ANFTOAUT 750 AU.N/MH

s

5’ a - ar
UIMUN 480 LHNRASNAU

- HHAM KOBE STEEL JAPAN

U B

2 JoyanaaIaNsTauzMs 199U

$7A1 350 AuLIN(TaqLi)

Y
Tihuanesneazidoassas 1

mnamsi¥ezna
szanaiflaz 15-20 Muun

=
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vsEndpasasosding hiuuzilvidon
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l‘i’iﬁﬂ) Residual Stress
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- 21 e yiia hirduiiiwela nsdif
E .
Torque g3 tH2LNA Over Capacity

Case Fatigue 27a%s

Life Prediction 1733211

WIMANUSSVN
udu
uau

auawasmiu
swing shaft wyu

aamasnuu
swing shaft wau

dswing shaft wyu

RCEED]
SOUANHUSAUEINDY
1sau

1sau

1/4 sau

@ 3%

77 éu 36.5 au.was/au
4 ili/éu 1.95 du/auas 71.175 dw/van
4 iaf/éu 146 swauuas 5329 du/timn
e/
515 sau — EE
12.4534 rpm sau/ui : v /)é
0.207556667 rps saufi
° | :\‘ &< )o\
1400 sau e ” K
33.854 rpm sau/um O __0O
0564233333 rps sauf
5 Jum 2.821167 sau
2 umi 1.128467
1.5 3um 0.84635
fuawasniu 515 sau |
3 rpm 1.1176215 rpm
0.333333333 min 0.8947573 min
20 sec 53.685437 sec
5 sec 13.421359 sec

7.5 sec

7.5 sec
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Excel 1AM SAUIUMTAI010L59UDITL VU AIMEaUUUNYUHIse 1571910 Name plate

Motor % bp Motor %
P 513 pa 1500
Torgue 968.8364 b.ft Torque 3991.603973 b= 332.6338311 o ft

o Toue Moo e 200%= 1997678 BG= 263187%a

Par Name PN Teeths RPM Torme  boft I kgm Na
Motor Pinon IN1S37F1 3991.603973| 43.90346869, 430313
Fest Redoction Gear  1P1301 189131
Forst Reduction Shaft  1PI502F1 189131
Second Reduction Gear 1P1222 7565.16]
Second Reduction Shaft R4180F 1 7363.26
Thard Reduction Gear  IN1388F1 186222
Swing Pion INI2T6 196222
Swing Gear 3 h 1839332.032 207504
a a 4 o o A 2
UszaninmmsgydevesmemeiuazMasn laesa
ans masuasawras DT
Pix) = V |Leff hp
T 146
wia V= Valtage
I= Current
eff= Motor eficiency
frsvinomats Volt azmofi  us Torque fudeninag tissinmissie nssuaumnniaiae
|spec HP v | eff % rpm Torque  max. Torque HP
N.m % rated torque
Swing  Motor 95 115 715 86 515 13148 200
115 60 86 515 7.9544
115 300 86 515 39.772
115 1000 86 515 132 57
115 T00 86 515 92.801
115 800 86 515 106.09
Crowd Motor 110 230 420 875 400 19593 200
Propel Motor 175 230 660 ar.5 450 2770 150
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