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Chapter

e

DriveTrain Toolkit 2 2|X 3, 7[0f, HO{& S22 O|F0{Tl 7|H A|IAERES ZF &9 MEYstN,
S9ay EFXES N85ty “71|°* &= Q& Toolkit YLICH Z|H=F2| E20= FE Beam Element &
0|85t SO 2 02 7tX| BHX| = =0 CHoliAM A % siA0] 7tsBLct 7|09

k=3

22 Hle =
B2, KISSsoft 2F A4S 50 HL} Yoot ZUE 2 4 AL, RecurDyn 2| Analytic
Contact & AHE30] =1 Hetol ANE £ 5 ASLICH HO -S| H2, KISSsoft 2F HHHMS
oto] W2 S St Fetol fHZANE & = ASLICH

O RE2|Z0M= DriveTrain Toolkit & 0|83t GearBox A0 Cigh A|Z20[4S OfEA
At ARUXE RO ENSLICH O 2PN 7|5 ArES R 4 Z2ntE 24dts YES HiS

1=DS|
=

J

= WXOo|M CHREOX} St= LE2 Ch3at &5 Ct
= Shaft, Bearing, Gear 2| 44
= Analytic Gear Contact 2| 24-d

= Shaft, Bearing, Gear dii4 ZA1 24
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22 9
= WX{= RecurDyn A HBZ|2 A= Basic Tutorial X FFlex Tutorial 2 =X|8t AFEXLE 2%t
AYLCH, T2t 2 WS AFESH | fdiM= oA gl uXfE Ao 2 Wijel oS
= 4= Q&LCt 3 Dynamics ¥ Finite Element Method 0ff Cist O[8E Ze=z $fL|Ct
s
=2 = Chgel IEE2 FEEof ASU . 2 i8S &Hdst7|HK| ZEl= AlZt2 ofziel et
2SIt

Procedures Time (minutes)

AlEeolM =tF 2 10

Shaft A4 10

Bearing 4’8 10

Gear 4 15

Joint, Force 244 20

s 24 20

Involute Analytic Contact 20

Total 105

wNZ

oy A8 Al

105 &
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AlZZ0|ME I8l 7|0{EtAQ| CAD € Import St Import Zl Body 2| 0|&, Layer & HEZ
YLt
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RecurDyn 2| A3

2

In}

RecurDyn 23 = M2 HdBt]:

Ho

1. RecurDyn O}O|22 Z2/5lH, RecurDyn O|
AHe|HA New Model CIO|PZT HtA T}
LFEFEFL| T,

2. Model Name S GearBox = QgL |Ct,

3. CHQl= MMKS 2 &3-ghL ),
(Millimeter/Kilogram/Newton/Second)

4. OK HEZ Z=TLCt

Gearbox 24

7|10f gtA HHZ 2ol ST Geometry & Z10 U

Start RecurDyn X
New Model
Mame | GearBox |
Unit [ MMKS(Millimeter/Kilagram/Newton/Second) [+] [ setting |
Gravity ‘,v ‘vl
Open Model
Recent Models H
Show 'Start RecurDyn' Dialog when starting
[ i [Ilol= S ol | I.
+ Parasolid TS Import & ZAYLICE

1. File H50|A Import £ S22LICt

2. GearBoxCAD.x_t £ MEistL|C} (Y E=2:
<InstallDir>/Help/Tutorial/Toolkit/DriveTrain/GearBox).

3. Open = Z&/5tH CAD Import Options &0| LIEIEL|Ct, Assembly Hierarchy 7} &t

T/ 11, Hierarchy Conversion Level Of
FELIC.

Body 7| =& S =25t Import HES

A CAD Import Options

[]iAssembly Hierarchy:

Hierarchy Conversion Level (@ Body () Subsystem
[] caD Hierarchy Dialog
| Import | | Cancel |
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CAD 0|E #ZE 3 Layer 27H5}7|

1. Of2f 212X & Upper Housing Ol 3iEsl= Body £ OFRA Q2% 22510 L2 Pop-up

H=0lA Properties & Z2!gtL|C},
1. General B{0|A Of2f MEE (13510 LHES HZASIDT OK

= Name: UpperHousing

= Layer: 2

2. of2f A%S HUSH Lower Housing off CHSHAI= Name & LowerHousing 22, Layer £

22 HAgLCH

UpperHousing

LowerHousing
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Icon, Marker Size 3 Layer 27

Icon Control H475}7|

1.

otz 12/X2 Render Toolbar 2| Icon Control &

223t

HEAODWBFPLPFP L -0 e,
i con Control

HE LI

Layer Setting X 3|7|

otzf JZ XM Render Toolbar °| Layer Settings S

L.

HLA OIS FPFP: v,

.

2% 12 X3 Layer 2 2| 0|E2 Housing 22 HJ3st11

Layer On 2 A|3sHA| BfL[CE.

A |con Control X

—lcon On/Off
=[] All lcons

Wall / Vessel

Center Marker
: General Marker
----- Inertia Reference Frame

lcon Size E
Marker Size E

Marker Z-Axis Width
Initial Velocity lcon Width

Show Center Marker lcan

A Layer Settings X

(®) Select Entity () Highlight Entity

|:| Show User-Defined Layer
MName H

Layer

<2

LI

Housing

Wloe |~ | |w | b w | e

=

JI<I<I<I<I<I<I<I<I<

Do e
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JeE, 222 ofgfet 22 J8NE 2oL

HE Mo

Chg 2= Hoj7b7| Jof xjel RS MLt (Tip: File Hw0M Save & 2&/gLIC)

tl Save Ctrl+5
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Shaft | AiAd

27
=
0] oAM= O{2{7tX| Section 22 O|F0{Zl Shaft & {3tQA9l Beam Element 2 AMMd&t £

o
A Shaft Modeler £ AtE3t= RO T3 Bi2A & L|Ct.
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Shafte| SHur HdHAS E4517| ¢35 Beam ElementZ O|F0{Z ShaftE 4 LIC.

Shaft1 24

Shaftl 2 Of2ff J&nt Z2 d&o=z 0|F0M UELICE RecurDyn 2| Shaft Modeler 0| A=
Z2 8iX|E1} 20|E 7HE BEES StLto| Section S 2 2 F%tLICt Shaft Section 2| HS =
AZtEH L2 H Shaft O| Direction 2&22 Hm 7t FZItetLC,

L

—
i

Section1 Section2 Section3 Sectiond

L:120 L:160 L:230 L: 200

R:425 R:75 R:425 R:39

1. Ribbon 02| DriveTrain 0| A Shaft £ Z2/$HL|C},

2. Point, Direction, WithDialog 242/ 0|A of2fet 22 M2 E UBL|Ct,
= Point: -255, 250, 175
= Direction: 1,0,0

3. Shaft CI0|Y 217} LM Sections 22Z°| Add HHES 38 O =2 & 4719
Section 2 Tt=1, of2f EO| HEE X150 HIZHS XS L|C.

Section L Ro Ri Element Size
1 120 42.5 0 10
2 160 75 0 10
3 230 42.5 0 10
4 200 39 0 10

13
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4. Sections 2E%°| FDR HE= +EL|Ct. FDR CHO|€27F 2 Add HHES 3 =3
& 3712 FDRE 2 %-T'_ ofef ®o| §EE HsHY HIZHS XS L L.

No Center Position Width Type
1 22.5 41 RBE2
2 200 120 RBE2
3 487.5 41 RBE2

5. CloseE =2 FDR CIO0|YZ1E EH&LLCE
6. OKZ s2{ Shaft £ MAstL|Ct,

7. Shaftl O] YN = Xt2|of AE Shaft Body = AKX SHL|CE,

Note: FDR 2| AlE

Shaft 0| Gear, Bearing S2| M7t &= 22 M, 7|, 2Eet0l, AH & 522 HZALH
EL|C}. RecurDyn Shaft 0| A{ O]z &XYf 7te| HAZZ Rigid Element Q! FDR £ HPEL|C}. FDR 2
Master = E7} MME|= Center Position & EH =CEO| 37|7} Ct2 LEHLC 3A & AS
& = USLICH

o=

Note: FDR Tolerance

FDR Tolerance = 7|Z&0| ZX{5l= Node 2t FDR Q| Moz QI MQE|= & 79| 7tAH0| 0L
2 B2 0|F FASH7| fsh AM8dt= +=X[QLICt. 0| =0 FDR Tolerance 7| 0.01 QlH|, &
L £ 7to| 7+240| 0.009 O|H & A|0{OF & =7} 7|E0| EXSIH =2 HEELICE

Shaft2 A

Shaftl S AMMaIC g2 ofg MEQ HE X 13810] Shaft2 £ AAISHL|C},
1. Point, Direction, WithDialog 4%

= Point: -255, 250, -105

= Direction: 1,0, 0
2. Shaft Section

Section L Ro Ri Element Size
1 50 32.5 0 10
2 235 37.5 0 10
3 125 50 0 10
4 100 32.5 0 10

14
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3. FDR Section

No Center Position Width Type
1 22.5 33 RBE2
2 200 120 RBE2
3 347 90 RBE2
4 487.5 33 RBE2

Shaft3 44

Shaftl 2 4H3UE HHMT ofzf HEL HE TS0 Shaft3 & A d LT
1. Point, Direction, WithDialog 444

= Point: -402, 250, -325
= Direction: 1,0, 0

2. Shaft Section

Section L Ro Ri Element Size

1 657 30 0 10

3. FDR Section

No Center Position Width Type
1 169.5 22 RBE2
2 494 90 RBE2
3 634.5 22 RBE2

15
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2E NMEoh|

2 "d0{7t7| Fof exfe] 22 S MYLYLILE. (Tip: File Hw0lA Save & 28

tl Save Ctrl+5

cre xto SEgLL)
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Bearing 24-d5}7|

Shafto] HZAE|0f A& Ball Bearing?| sHHES 24517 28] KISSsoft Bearing2 Hde
A LICE,

BearingGroup1, 2 44

@ 1. Ribbon H52| DriveTrain 0ilA] Bearing

Bearing | 2. Point, Direction, WithDialog 20| A of2fet 22 MEE YAHTILICt
= Point: 232.5, 250, 175
= Direction: 1,0,0

3. Bearing CIO|YZ7t =X otz 1243 Bearing Library 2EZ0] Library HES

=

Bearing [ Current Unit : N/kg/mm,s/deg ]

General | Bearing

Center Point |232.5, 250,, 175. Normal Direction |1, 0, 0 |
Bearing Library |Bearir|g Library |"'| T iibrany D@J
Bearing Type Deep groove ball bearing (single row)

= Bearing Type: Deep groove ball bearing (single row)
» Diameter: (Inside) 85.000 mm
= Bearing: Timken 6317 (d=85.000 mm, D=180.000 mm, B=41.000 mm)

= Internal Clearance: C2

A Bearing Library x

Bearing Type |Deep groove ball bearing (single row) |'|

Diameter (®) Inside () Outside 85.000 |v| mm

Bearing |Timken 6317 (d=85.000 mm, D=180.000 mm, B=41,000 mm) I~

Internal Clearance ||v| |D. |
| QK | | Cancel |

5. OKZE =& Bearing Library CtO|Z2 215 E&LCE,
6. Bearing CIO|Z270|A OKE =2| Bearing 2 4-g¢tLICt
7. BearingGroupl 0| ‘4’4 El Xt2|0f AH Bearing Body £ A{HI2LICH.

8. Point /2 (-232.5, 250, 175) 2 AE310 1~7 HO| Step 2 FHETfLILCY,

18
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BearingGroup3, 4 44

otef HEE 0|838t0 BearingGroupl, 2 € Aot gt ZH0| BearingGroup3, 4 £ ‘d-dgL|C}.
1. Point, Direction, WithDialog 4448

= Point: (232.5, 250, -105), (-232.5, 250, -105)

= Direction: 1,0,0
2. Bearing Library

= Bearing Type: Deep groove ball bearing (single row)

* Diameter: (Inside) 65.000 mm

= Bearing: Timken 6313 (d=65.000 mm, D=140.000 mm, B=33.000 mm)

= Internal Clearance: C2

BearingGroup5, 6 4

otef HEE 0|2310 BearingGroupl, 2 £ 43%H greint ZH0| BearingGroup5, 6 & 44 gL|C},
1. Point, Direction, WithDialog 444

= Point: (232.5, 250, -325), (-232.5, 250, -325)

= Direction: 1,0, 0
2. Bearing Library

= Bearing Type: Deep groove ball bearing (single row)

» Diameter: (Inside) 60.000 mm

= Bearing: Timken 6212 (d=60.000 mm, D=110.000 mm, B=22.000 mm)

= Internal Clearance: C2

19
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L

:l.E'iE, EEI

2 otz agar 20| 29

A

L|C}.

Il

Chg g2z goj7t7| o eixel R2S XMFeLCt. (Tip: File H70|A Save & Z=TLIC}.)

tl Save Ctrl+5
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Chapter

Gear 2| M/

202X
=

O] oAM= KISSsoft E 0| &dt0] Gear & ‘4 AYLIC
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e
Gear 5} |
Shaft Off GIZE|0] Qi Gear 2| EXHES 57| 95l KISSsoft Gear S AA3H ZielL]Ct

CylindricalGearGroup1 4

&r} 1. Ribbon 12| DriveTrain 0|A] GearTrain 2 Z2/gL|Ct.
GearTrain | 2, Point, Point, Direction, WithDialog Y 20j A Of2iet 22 JEE YU=HTLICE,
= Point: -55, 250, 175
= Point: -55, 250, -105
= Direction: 1,0,0
3. CylindricalGear CIO|¥ 217t ™M Gear Geometry &S0|A Otz YEE F 1510
e
* Normal Module: 5

» Gear Type: Helix Right Hand
* Helix Angle at Reference Circle: 20

4. Gearl, 2°| MFYEES YEHst= SF5S2 ot S H5Ho YL

Gear No. of Teeth Face Width Profile Shift Coefficient
1 73 120 0.4405
2 31 120 0.2477

~ Gear Geometry

Mormal Module |5. | Gear Type |He|i)< Right Hand

Pressure Angle at Mormal Section |ZD. | Helix Angle at Reference Circle |2[Il.

Gear | Mo, of Teeth FaceWidth| Profile Shift Coefficient |Detai|s| Profile | Tolerance | Modification | Material |

1 73 120. 0.4405 Factors 18CrMiMaT7-6, .

2 3 120. 0.2477 Factors 18CrMiMoT7-6, .

| -]
| .|

I_I_

5. Gearl Details T=0{Af \...” H]
=]

Eg 2213} Inner Diameter = 150 2 HAs 1
Close € =2 E&LICH *% HtE#H o Z

74
o
2 Gear2 2| Inner Diameter £ 75 £ BZgiL|C

6. Gearl Tolerance 250 \..." HEZ £&/5l0] [Gear 1] Tolerance CIO|¥ 217} &
ofzff YEE FH5t0o] Yot 20| Close HES St F&LICH
* Tooth Tolerance Type: User Input
= Tooth Thickness (Upper/Lower): (0, 0)
= Tip Diameter (Upper/Lower): (Check) (0, 0)
= Root Diameter (Upper/Lower): (Check) (0, 0)

™

22
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. Y so| clojgz L ofelet 20| =OjHLIC,
[Gear 1] Tolerance *
Taoth Tolerance Type [User Input [~]
[ Tooth Thickness ( Upper / Lower) -] o | [o |
[~ Tip Diameter ( Upper / Lower ) [o. | [o |
[l Root Diameter { Upper / Lower ) [o. | [o |

Note: Tooth Tolerance
Tolerance CHO|@ 2 10| M= Tooth Thickness, Tip Diameter, Root Diameter 0| CH$t Tolerance &
A278SHA ELCH Upper / Lower & 022 FH | Tolerance € FX| 21 Wdst= YLt

Upper / Lower zf2 X|&5tA E|H KISSsoft 0 A Tolerance € d& I Upper, Lower Limit 2
Al LHSEA E=l LT

7. Gear2 2| Tolerance 0|= 6 ' Step = Ht=gL|LCt,

1, Backlash 9| Calc. HHEZ

o
mjo
1

8. Gear Pair 5}2/2| Center Distance 0= 28
221510 Backlash £ 7| AtgL|C},

Pair Base Gear |Actior| Gear | Center Distance | Backlash | Axial Offset | Rot, Angle | Cont. |r\-1eta Model | Import | Export | KISSsoft Ul |

1 1 2 280. Cale || 1368 [calc| o 0. - - ]

Pair | Base Gear |Actior1 Gear | Center Distance Backlash

| Axial Offset | Rot. Angle | Cont... | Meta Model | Import | Export | KisSsoft Ul |
1 1 2 280. cale [[ 0013 cate. | 0. 0. =

Note: Contact Analysis

Contact Analysis CIO|2 20 Number of Meshing Positions = Path of Contact &F0fAf
Mol A2 & AQXIE ZH-HA ELICH Number of Slices = Meshing Position 0| 4d&|l&
CtHo| Jj+5 MESH= AYLICL O]E &0 Number of Meshing Position %+S 17, Number of

Slices € 11 2 &7JSICtH, 7|0f O|Q| ot HO| CtE 3t M1} Contact & S 11 7§2| Slice /2|
242t 17 7§2| Meshing Position 0| #& HiZ =0 H-d=|AH & LT

23
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Note: RecurDyn Gear Toolkit 1}°| H| 11

DriveTrain Toolkit 2| Gear Train 2

—

KISSsoft User Interface

£ HEgez Y47 W=

RecurDyn Gear Toolkit It Z-& 2[O|X|Zt CE EBO0|E At&d%t= &50| UAELICE Of2= Gear
Toolkit 2t DriveTrain Toolkit 2t 22 2|0|& 7I% 80{& H|Wsl &2 ZdLICE,
KISSsoft RecurDyn
Normal Module Module

Pressure Angle at Normal Section
Helix Angle at Reference Circle
Face Width
Profile Shift Coefficient
Inner Diameter
Dedendum Coefficient
Root Radius Coefficient

Addendum Coefficient

Pressure Angle
Helix Angle
Gear Width

Addendum Modification Coefficient

Hole Radius

Dedendum Factor

Hob Rack Radius Coefficient

Addendum Factor

J2{™ CylindricalGear CHO|Z¥ 21 of2ff J&ut 20| 2 &Lt
CylindricalGear [ Current Unit : N/kg/mmy/s/deg ]
Assembly Reference Point [ Gear1) |-55., 250, 175. ‘ Gear Normal Direction |1‘, 00 |

Assembly Reference Direction [o,01. [et] [Juse KIsssoft 712 Module Files | 712 Module Files |
— Gear Geometry
Normal Module [s | GearType [Hetix Right Hand [+]
Pressure Angle at Normal Section |ZD. ‘ Helix Angle at Reference Circle |ZB |
Gear | Mo, of Teeth | Face Width | Profile Shift Coefficient | Details | Profile | Tolerance | Modification | Material |
1 73 120 10,4405 Factors 18CrMiMo7-6, .. j J
2 31 120 0.2477 Factors | 18CrMiMo7-6, ... j J

Add

Delete insert |

add | [ petete | [ insert
—Gear Pair
Pair | Base Gear |.ncticn Gear| Center Distance | Backlash |.m(ial Offset | Rot. Angle | Cont.., ‘Meta Model| Import | Export ‘ KI55soft Ul
1 1 2 280 Cale. 0.013... Calc 0. 0.

Gear Force Type

[inactivate [~| Each Rendering

Automatic

[~

| Force Display

|V|

[inactivate

24



GEARBOX TUTORIAL (DRIVETRAIN)

9. CylindricalGear CIO|Z2Z2110jA OK H{E2 =2 CylindricalGearGroupl £ /d%gfL|Ct

10. CylindricalGearGroup1 0| ‘4dEl 20| AT Gear Body E AIH|gtL|CY.

Note: Gear Modification 2| A2
Modification HHES S+Z2ZMH Gear 2| Modification & HdT £ QY= CHO|YZIA7b LEZLCH.
Profile/Tooth Modification 2 Type ¥ £ Value, Factorl, Factor2 & A&E% £ =0, 0|of Cist

AtMEH LH82 Manual Off &LICH (DriveTrain > Functions for DriveTrain > KISSsoft > Gear
Train > Properties > Modification)

CylindricalGearGroup2 4

CylindricalGearGroupl 2 /43U H LR} SLSHA o2 HESS 0|850 FHM Gear Pair &
gLt
1. Point, Point, Direction, WithDialog 444}
= Point: 92, 250, -105
= Point: 92, 250, -325
= Direction: 1,0,0
2. Gear Geometry &=
* Normal Module: 5
» Gear Type: Helix Right Hand

* Helix Angle at Reference Circle: 20

Gear No. of Teeth Face Width Profile Shift Coefficient
1 59 90 0.2193
2 23 90 0.1595

3. Inner Diameter &5
» Gearl: 100
= Gear2: 60
4. Gearl, Gear2 2| Tolerance &=
= Tooth Tolerance Type: User Input
= Tooth Thickness (Upper/Lower): (0, 0)
= Tip Diameter (Upper/Lower): (Check) (0, 0)
* Root Diameter (Upper/Lower): (Check) (0, 0)

5. Center Distance = 220 22 A7X Backlash 2| Calc. HHE =&

25
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Contact 2%

1.

2.

Database 0 A| CylindricalGearGroupl £ 22% 22&/5l0] LI2+& Pop-up Ol 0A
Properties & 22/3fL|C}

Gear Pair &20|A Meta Model 9| ... HEE ZS2lgtL|C},

Pair

Base Gear | Action Gear | CenterDistance |  Backlash | Axial Offset | Rot Angle | Cont.. | Meta Model

1

> @

o

*®

Import | Export | KISSsoft Ul

1 2 280, Calc.l 0.013.. Galc Q. 0.

Import Meta Model File(*.gmm)0| A3l ... HES FELICT
Otz AZ°| GearBox_GearForcel.gmm IS Open &fLICt.

=  <InstallDir>\Help\Tutorial\Toolkit\DriveTrain\GearBox
Close £ =2{ Meta Model CIO|¥21E EHELICH

Dialog ™ Sltt°| Gear Force Type 2 KISSsoft Force (Meta Model) £ &78gfL|Ct,

Gear Force Type |K|55mftF::urce[MetaMndel] |T|
Inactivate

KI55soft Force
KI55soft Force (Meta Model}

OK E =g LjO|E=2E EHELICh

CylindricalGearGroup2 0 CH3iA = I+Y S GearBox_GearForce2.gmm 2 HZs}H0]
Step 1~7 S HHETHL|CE,

= 53, RE2 of2f 2Fah 20| 26 HLCE
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2 XNEo

CHS o2 Hoi7ty| Mo WAl RYS HEELICE (Tip: File ) s s
o0l Save & S2gLch)
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Joint, Force 2| A

25

O] ojM&= Ch21F 20| & ZHX| Joint 2 Force & A4S A YLICEH
= Ground 2 Housing AtO|2| Fixed Joint

= Housing 2t Housing Cover AO|2| Fixed Joint

= Housing 2t Outer Bearing At0|2| Fixed Joint

= Shaft 2t Inner Bearing AO|2| Fixed Joint

= Ground 2} Shaft AtO|2] Revolute Joint

= Ground 2} Shaft AFO|2| Rotational Axial Force

@
ojst 22 A2t

20 &

)

28



GEARBOX TUTORIAL (DRIVETRAIN)

—
Expression 55}7|
2 XM Joint o Force O M-8% Expression & AA$LICE,

4 1. SubEntity ©0|A Expression & Z2|sfL|C},

Expression | 2- EXpression List CIO|22710(Af Create HES &L
3. Expression CHO|Z 270 Ofzf HEES FHast0o HetLC},

Name Expression

Ex_Vel 10*pi*time

Ex_Torque -640000

Joint A4517|
Fixed Joint 4

? 1. Professional ®2| Fixed Joint & S2/g/L|Ct.
Fixed 2. Body, Body, Point 4420 ofzf HEE 1510 Fixedl & 4dgL|Ch
* Body: Ground

= Body: LowerHousing
= Point: 245, -5, 485

3. Of2ff EE #15l0] Housing I Body = AtO|0f Fixed Joint & & sfLICt,

Name Body Body Point

Fixed1 Ground LowerHousing 245, -5, 485
Fixed2 LowerHousing UpperHousing 205, 250, 500
Fixed3 LowerHousing BearingOuterBodyl 232.5, 250, 175
Fixed4 LowerHousing BearingOuterBody2 -232.5, 250, 175
Fixed5 LowerHousing BearingOuterBody3 232.5, 250, -105
Fixed6 LowerHousing BearingOuterBody4 -232.5, 250, -105
Fixed7 LowerHousing BearingOuterBody5 232.5, 250, -325
Fixed8 LowerHousing BearingOuterBody6 -232.5, 250, -325

29



£

-

Revolute
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4. Of2f EE #1310 Shaft 2 Body = A0|0| Fixed Joint & %tL|Ct,

Name Body Body Point

Fixed9 Shaftl BearingInnerBodyl 232.5, 250, 175
Fixed10 Shaftl CylindricalGear1l -55, 250, 175
Fixed11 Shaftl BearinglnnerBody2 -232.5, 250, 175
Fixed12 Shaft2 BearinglnnerBody3 232.5, 250, -105
Fixed13 Shaft2 CylindricalGear2 -55, 250, -105
Fixed14 Shaft2 CylindricalGear3 92, 250, -105
Fixed15 Shaft2 BearingInnerBody4 -232.5, 250, -105
Fixed16 Shaft3 BearingInnerBody5 232.5, 250, -325
Fixed17 Shaft3 CylindricalGear4 92, 250, -325
Fixed18 Shaft3 BearingInnerBody6 -232.5, 250, -325

Revolute Joint A

Gearbox 2| Motion 2 &7Hsl7| 2/t Revolute Joint & A tL|Ct,

1. Professional £2| Revolute Joint S Z2!$tL|C},

Body, Body, Point, Direction 4 H#H0j|A Otz HEE & 135t0f Revlointl 2

d-dgLct.
= Body: Ground
= Body: Shaft3

= Point: -402, 250, -325

= Direction: 1,0, 0

3. Ofgf EE #1380 Shaft 0| Revolute Joint S AAstHL|C},

Name Body Body Point Direction
Revlointl Ground Shaft3 -402, 250, -325 1,0,0
Rev]oint2 Ground Shaftl 455, 250, 175 1,0,0

Motion &7

RevJointl Off Motion & AA™gtL|C},
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Database 0| A| Revlointl S 2E2% Motion
—;liléfq LI-QE Pop_up I:I-".I'TI.O-”A-I Motion
Properties & = &|2tL|Ct, Type | standard Motion |
Include Motion A3 A0 X351 Initial disp.
Motion HE2 S=gLC. ey M| CHE—
— Expression
Velocity (time)22 31 EL Name  [Exvel [ec]

o . Expression
HES =L

10*pi*time
Ex_Vel & MEiot = OKE
dH EZN Zo| dFEL L

OK E =of [jO|E€215 L

OK | | Cancel

Rotational Axial Force 2]

Gearbox 2| Torque £ H7%}17| ?|8iA Rotational Axial Force € “d-dgfLICt.

@ 1. Professional ©{2| Rotational Axial Force & Z2!$L|C},

Rot. Axial

2.

3.

otz 12/ Creation Method £ Joint 2 B Z gL},

Joint =

Point, Direction B !

Body, Body, Point, Direction

Rev]oint2 € MENSI0] RotationalAxiall & AAdsHL|C},

Rotational Axial Force &7

Database 0 A RotationalAxiall 2 22% Z2/35}0] LI2= Pop-up O &F0i|Af
Properties & =2/3tL|Ct.

Rotational Axial Force ®0|A| EL HES Z28fLICt
Expression List CIO|2 210 A Ex_Torque £ MEist & OKE F+SLICt

OK E =df LjO|E21E EHELCh
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Dynamic/Kinematic l|410| Al&Y

L= ddst ZE0|A, Force 2F Motion 0| O/X|= @2 7| 2[3ll Dynamic/Kinematic si&=

o
EREEl,

0%

1. Analysis ©°| Simulation Type 150X Dyn/Kin 2 22t}

2. General H0|A A|[E2{0|M2| End Time 1} Step 2| =& EgfL|Ct.
» End Time: 2
= Step: 5000
»=  Plot Multiplier Step Factor: 2

3. Parameter TO0i|A Otzfel 20| AFgL(CY.

* Maximum Time Step: 1.e-003

=

4. Simulate & S2/gL|Ct. of 3 29| sfMA|ZH0| AQEL|CE (CPU: Intel® Core™ i7-6700K
CPU @ 4.00GHz)
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Shaft ol|4] Z2110| &4

Icon Control 475}7|

A |con Contral

1. of2f 2EXNH Render Toolbar 2| Icon Control £ [ Icon On/Off
. =[] All lcons
SEeLCt [ Jaint
[JForce
L. i 1 =& L [JcContact
BRADIBIFFF | [NV 7 g o
lcon Control [[] Parametric Paint
[ nitial Velocity
2. 2% JZXH All Icons 2+ All Markers, Inertia Reference []wal/ Vessel
=1-[C] AN Markers
2 HNIZSAISHL|C [[] Center Marker
Frame = -” H 1||=| | I- [] General Marker
[]inertia Reference Frame

Rendering Mode A785}7|

lcon Size E
Marker Size E

1. o2 22X 3 Render Toolbar 2| Wireframe With
o -I = ZalstLct, | Marker Z-Axis Width

Silhouettes & =
= e Initial Velocity lcon Width

Virefrarme With Silhouettes

@ r%- Al @ ’@ @l @ @l 1 T \:r’l LS v & = ] show Center Marker lcan

Contour 275}7|

‘ 1. Ribbon 12| DriveTrain 0|A] Contour = Z2/gHL|C},
Contour

Contour Option 0|A| Type S Stress Z, Component & SMISES Z X iL|C},

Style SM0|A Style 2 Stepped 0|A Smooth £ HHZ$HL|C},

> » b

Clo|¥ 21 2E2%09| View/Reference Node/Reference Marker 0| Al Shaft2, Shaft3 &
X 3sA gLt

5. Calculation HHES 225}, Show Min/Max SM0| &3t = OKE +5LCt.

J2{H Contour CHO|EZ &= Of2ff Ot 20| 20 &Lt
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A Contour X
r— Contour Option —————— ~Band Option  View / Ref e Node / Refi e Marker
Animation Status Legend Type [ Display [-] Sel| Body |ModelD sel | ori.
. v Shaft1 10001
e[| [at [een ] e
Component SMISES n Show Text Legend Shaft3 10001
Clospioyvecor T —
m
DUniform I:‘Simple ] 4 lz'
 Style Option

Contact Surface Onl
[ contact Surface Only Color Option Edit  Contour Data Trace

(®) User defined contact surface

Sel EBo Mode ID
Speanm [ -
(_) Contact patches only
s smootn [
— Min/Max Option
Text Color Text Color -
[smises |
Exceed Max Color -
Type | Display | - | : | raa ‘ | Doicte
g - Less than Min Color Min Color -
£ Calculation ]
Calc, Result User Defined r Contour Element Set Selection
min | | of|([ [ Contour Part
Max | | 13.3768| ||| 13.3768|

Show Min/Max [ Enable Log Scale

D User Defined Max Color

[[] user Defined Min Color [IMesh Lines |l Line Color - | | Add |

Delete |

Enable Contour View

TS T T

Animation Play 5}7|

1. Analysis ©2| Animation Control 1E0|A Play HHES +2L|Ct,

Y -

( Min 10052 = 0,000002

o

Max 10078 = 13.376883
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& Shaft1 Scope Z1} &7|

Control

1.
2.

Ribbon 0| +°| DriveTrain 0| A] Scope Control 2 Z2/3g!L|C}.

Shaft Scope Control CtO|2 20| A| Shaftl 2| Use O |33} Display HES

FELUC
Shaft Scope - Shaftl CI0|2Z10|A Component & SMISES £ &g L|Ct

Animation Frame & =0|A| Synchronize with Animation Control 0| X3 E0f U=

A2 ZolgtLCt,
Ribbon 0|72| Analysis ©{0|A] Animation Play HHES +&LIC}.

J2{™, otgf I8 X3 Shaftl 2| SMISES £ Animation It 274 =H0Igh = QUEL|CH

A shaft Scope - Shaft1 X
Section [ All sections -
Component -

—Reference Frame

Node  [10001 ] Marker | |

—Animation Frame

Synchronize with Animation Control

Time Frame
== General Sections
13.60 - —
o [ ——
—
10.20- e /.
5 | ]
W B6.80-
- A\ / \
3.40- \
0.00 - / / \ l

0.00 146. 00 79z, 00 428.00 5a4.00
Axial Displacement
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Bearing ol Z211°| &4 il

- -

E‘: 1. Ribbon 0+2| Analysis 0| A Plot Result & 2 2/2tL|C}. R Add

Windows

Result 2. Home E{0|A Show All Windows & = 2/g/L|LCt.

. Plot Database 0| A| Force 2| + HES Z&IgtL|C}.

7. Plot Window 2| REZ% HttS Z&85t1, TM_Bearing 2 HEZ2/¢fL|C}.
8. 5~7 29| Step S Bearing2~6 0 CHs|{A| BtEEtLICE,

Jd2{H, Plot Window = Of2ff 221 20| 20{&LC},

— Fu_B Box (4)— FIM_Bearing - - GearBox 1V — Th_Bearing - BearingFores! - GearBox (N*mm) — Th_Bearing - BearingForce? - GearBox (Nemm)
— M FI_Bearing - Bearing - GearBox 1V — Th_Bearing - BearingForce3 - GearBax (N'mm) — Th_Bearing - BearingForces - GearBax (N'mm)
Pl \_Bearing - - GearBox 1V Th_Bearing - BearingForces- GearBox (N*mm) — TM_Bearing - BearingForces.- GearBox (Nemm)
GearBox GearBox
0000.00
80000.00 -
soss0.60.|
E3 i i i L 50000.00-
Yy g gt iyl " =1
8 Tl it ki @ 0000.00-
&= | g g
e i e
1000.00- % j i . ik i ¢ 10000.00 - | i
o. . ] S A ; " " . o ' o
-1000.00 i i i -10000.00 i i i i ; i | H |
0.00 0.20 0.40 0.50 0.50 1.00 1.20 130 150 180 2,00 0.00 0.20 0.%0 0.50 0.50 1.00 1.20 190 150 150 2.00
Time (s) Time (s)

Gear 54 Z2112| =4

HES SEUCH

1. DriveTrain_GearForce 29|

rim

. N
2 27 2y,

+
2. GearForcel 1} GearForce2 92| + H

o

3. Plot Window 2| 2% dlths 22511, GearForcel 2| TransmissionError_Angular

EEEE IS

4. Plot Window 2| 2 EZ SltH2 22511, GearForce2 2
o
=

TransmissionError_Angular

J12{™, Plot Window = Of2f 1 2l1t 20| 20 & LC},

— TransmissionError_Angular - GearForce1 - GearBox (deg) ~— TransmissionError_Angular - GearForce2 - GearBox (deg)
GearBox GearBox
0.0028
o
0.0020
-0.0002
| 0.0015 L dn | yohd 1Ll ) I I
= -0.0008 = [
> o i
@ g ﬂ ol
E o.0007 Py pb et Bl gkt et N g o000
3 L T bl e s Ll | (=
L i ] | 1 I I T o o.000s - |
e | H AT A AR AT = '
R A W e
! i
0.0015 ! : : : : LA - L L -0.0005
0.0017 : : : i : : ; : -0.0010
0.00 0.20 0.0 0.6 o 100 120 150 10 150 2.00 0.00 0.0 050 0.60 0.50 .00 120 150 1 150 2.00
Time (s) Time (s)
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Involute Analytic Contact

2
=

0| Zof M= Involute Analytic Contact O AFEEFHO| CHSHA] BiS Zd L|Ct,

oy 22 Al

20 &
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Involute Analytic Contact 5| 7|

GearBox EEZ CtA| =O0IQ} KISSsoft Gear Contact CH4l | icon Control X
RecurDyn Involute Analytic Contact2 Al23t= H# S HIS _lcfngﬁf{ms
AL, Ei‘;',":e
[] Contact
Icon Control AE_ixc-l-(.jl'7| E;::asr:;tric Point
[ nitial Velocity
[Jwall / Vessel
1. Otz 13X 3 Render Toolbar 2| Icon Control £ = D%n:arltcersm i
%— Eﬂ| '6‘;!- |_| |:|- [[] General Marker
[ Inertia Reference Frame
HEA DN PP "oV &
lcon Control Icon Size E
2. %—7_?:— :]_%'X‘I_"—g Contact% x-”i_o;l_l_l |:|'_ Marker Size __25. E
Marker Z-Axis Width
Initial Velocity Width
KISSsoft Gear Contact Inactive 5}7|
1. Database Of|A| CylindricalGearGroupl 2 OI2A REZR 22510 &= Pop-up
=0 AM Property & 22/gL|Ct
2. Properties CtO|2 27 SlEHO| Gear force Type =M S Inactivate 2 B ZHL|CH
3. OKE =3 CIO|g2aE FH&ELICH
4. CylindricalGearGroup?2 0 CidiA 1~3 HO| Step & UHEtL|Ct

Involute Analytic Contact 57|

ﬂl.

Invalute 2.

Ribbon 02| DriveTrain 0| Al Involute Analytic Contact & Z&/&tL|LCt,

KISSsoft Body, KISSsoft Body /2 #0j A CylindricalGearl, CylindricalGear2
MERSEL|CY,

CylindricalGear3, CylindricalGear4 0f CHHA| 1~2 HO| Step 2 HtESHLICE

Involute Analytic Contact &745}7|

Database 0| A| GearContactInvolutel & OI2A 2
H50A Property & 22/2tLCt.

ru
I8

225l == Pop-up

Gear Involute Contact TO|AM Of2f HEE &350l YSL(CY
* No. of Slices in Width: 31
* No. of Maximum Involute Profile: 10

Advanced Option 0| A Tooth Flexibility 0| & 3 &fL|C}.
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Dyn/Kin

&5

Scope
Control

GEARBOX TUTORIAL (DRIVETRAIN)

4. GearContactInvolute2 0 CHHA] 1~3 HHO| Step 2 EHETILICE

Dynamic/Kinematic l|412| A&t

g2 MM D EA, KISSsoft Gear Contact If H|WE 2|3l Dynamic/Kinematic siA &
AMSHSHLICE,

1. Analysis 2| Simulation Type 150|A Dyn/Kin S 22giL|Ct,

2. Simulate & Z&/gtL|Ct

Shaft OHA-I Z47 |-O| |=|A-|

Shaft1 Scope Z1 &7|

1. Ribbon H+2| DriveTrain 0|A| Scope Control 2 =& gfL|C},

2. Shaft Scope Control CIO|2 210 A Shaftl 2| Use 0| X35} Display HHE=S
FELUC

3. Shaft Scope - Shaftl C}O|2=710|A Component £ SMISES = &7d2L|Ct,

=2od

4. Animation Frame &=0|A| Synchronize with Animation Control 0| X3 &0 U=
Qg =olghLot.

5. Ribbon 2| Analysis 0|A Animation Play HHES +&LJICt.
2™, ofgf 12K 2 Shaftl 2| SMISES £ Animation It VA =QIsh 4= Q& L|CH

Chapter 7 0| A2 SMISES 12jZ=2} o] S st A

A Shaft Scope - Shaft1

Section |AII Sections "'

- —————————————————

 Reference Frame

 Animation Frame

Synchronize with Animation Control

= General Sections

|
3.40 - ff

0.0 146.00 232,00 28,00 584,00
AxlalD\spIatement
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Bearing Sf|A] Z1to| £ | ™

E 1. Ribbon 02| Analysis 0| A| Plot Result £ =2&/3L|Ct, R Add
l'\..-"’ Windows
— 2. Home %{0|A Show All Windows & £ &|gL|C}.
3. Plot Database Of|A| Force ¥°9| + HES Z2/gtLCt,
4. DriveTrain_BearingForce ¥°| + HES &gt
5. BearingForcel 29| + HEZ Z2/gL|Ct
6. Plot Window 2| &% MTtE Z2&/5t1, FM_Bearing = G2 2/2tLICt
7. Plot Window 2| REZ% HttS Z&85t1, TM_Bearing 2 HEZ2/¢fL|C}.
8. 5~7 29| Step S Bearing2~6 0 CHs|{A| BtEEtLICE,
J2{%H, Plot Window+= Of2f 12lut Zto| EofFlL|ct,
~FM_Bearing - gf : Ny FM,: : lN\*FM,: - GearBox (N) :TM,EEITiHE' gf TM,: : lN:mm\
e e — et T ey oo iy oo
oo, . GearBox
ran <]
el £ ety
g = e
0.00 0.20 0.0 0.6 W;.:c&s) L 120 e 1 200 TR0 020 0.40 0.60 0.50 T\r]n-:o(s) 190 Lao 1o Lo

+ -

Gear SliA A1to| &4

1. Contact €°| + HEZS F2IgL|Ct,

Gear Involute Contact ¥°| + HES Z2/gtL|Ct,

GearContactInvolutel I} GearContactInvolute2 &°| + HES ztzt Z2IgtL|Ct,

> » b

Plot Window 2| 2/F &ltH2 22/5l11, GearContactInvolutel 2|
r2 E2ggL .

Jd2{H, Plot Window = Of2f 127} Zto| 2 O0f &L L},

— TransmissionError_Angular-GearContaclinvolute! - GearBo (deg) — _pngul iBox (deg)
GearBox GearBox
0,100
o 0.050 |
o 0.080 -
070
. o — = = = s
— — o.060- I
= =
P -0.020-] 2 o.050- 4l
g s =
© -0.040- w0040
- @ 0.0
£ o050 (Ml = I
i s = 0,020 -Jif
~0.060- 0.010
-0.07 0.000
i “0.010
-o.
-0.020
0.00 0.20 0.0 0.50 .00 120 150 160 180 2.00 0.00 0.20 0.50 0.60 0.50 .00 120 150 160 130
Time (s) Time (s)
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Campbell Diagram

2
=

0| Zt0f M= Campbell Diagram 2| AFREHHO| CHSHA HiE ZdL|C,

</ Oflf 228 AlZt
O =

20 =
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Campbell Diagram = 2 5}jA135}7|
0|0 &=l Cr2 REES HOojA Campbell Diagram & 248 ZAQIL|Ct,

Campbell Diagram 22 27|

t 1. File H50|A, Open & S3tL|LC},

2. Drivetrain REZ|Y 23 C|AE2|0|A Campbell_Diagram.rdyn I}

ne

Z 2 <InstallDir>\Help\Tutorial\Toolkit\Drivetrain\GearBox

Campbell Diagram 22 XZs}7|

1. File 070l A, Save As & Z&|gtL|LCt,
2. Tutorial CIHEZ|O|M= AlZ20|HEE & 5= Q7| 20| CHE CIHE2(0 ChA| XZE-LICE

Campbell Diagram 22 f|4{5}7|

o|0] 2@ M™0| £|0{Y2 22 Dynamic/Kinematic 3418 MalstL|Ct,

@ 1. Analysis £2| Simulation Type 10 A Dyn/Kin & £&/gtL|C},

oynkin 2. Simulate £ 2&/gtLICt 9F 30 £9| d§4A[ZH0] 2R EL|CE (CPU: Intel® Core™ i7-6700K
CPU @ 4.00GHz)
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Analysis & 875}V

Input Data &7H3}7|

1.

AN o

Ribbon 1 F2| Analysis 0iA| Plot Result & = &|gfL|Ct.

Tool 0| 2= Campbell (3D)E Z2/stL|Ct,

Plot Database 2| Request\Expressions\ExRql & ZZ&&tL|Ct,
Input Data &52| Tacho 0| F1(Ex_Tacho)E Drag & Drop &fLICt.
Signal 0 F3(Ex_Signal)2 Drag & Drop &'L|C}.

Update Signal Information HH=2 =2 Of2ff &==2 YH0|E gLt

rInput Data

[]input File | |
Time [TIME | Piotindex [0 |
Tacho |Request-'Expressions_r'Equ1_r'F‘I[Ex_Tacho] | Flot Index EI
Signal |Request-'Expressions_e'Equ1_e'F3[Ex_SignaI] | Plot Index EI

Tachometer Type = Pulse/rev __
[ interpolation Linear dt

I Update Signal Infarmation

Frame Settings 275}7|

> » b

Use Recommended Frame Settings S |38l gfL|C},
Frame Size £ 128 2 HZASIL|CI,

Advanced Setting HES +EL|C}.

Window Type = Bartlett 2= HZ L T,

EOS 2=

Calculation HHES +EL|C}

—D Use Recommend Frame Settings

Frame Mumber EI Frame Length( sec}
Frame Size I'Izs |v| Overlap( %]
RPM Compute Residual Mumber I:l
Delta Time

Advanced Setting I I Calculation
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Plot & 275}V

1. Campbell Diagram CIO|2 29| Plot g 2
Graph Type 2 Color Map (2D) £ &dgfL|Ct,
Graph Option 2 RPM-Order = &7d3tLICE,

Draw Order Line Of X|3gtL|C}.

AN A

Ol#{= #150| Order Line &2S WABLICE,
* Minimum Order: 0

» Maximum Order: 72

= Gap: 12

» Resolution: 100

Clo|¥=1 T ofzfZ2| Plot HHES 2250 Graph &
2o E Lt

a

EEEE

| LCt ot2fet €= Graph 7t

A Campbell Diagram

RBIED) S

T077.15

6290.80

5504.45

4718.10

1572.70

0.00 - | |
700.00  800.00

RPM

| | ] ]
300.00 400.00 500.00 600.00

L]

] | | |
900.00 1000.00 1100.00 1200.00
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Campbell Diagram &745}7|

Zoom AtE23}7|

1. OrderLine 24 & ZSt=E Of2f &AM O AZ Drag LT

2. MEist 220| Zoom O| EL|C},

3. Toolbar ©| Initialize View £ 223}0] I3 -8 5 A2
Initialize 2fL|Ct.

Initialize View(F)

Section View AI25}7|

1. Toolbar 2| Section View HES 22/3fLIC}, R & == [T Bl

2. Section View HE 21Z0| Y= Trace Data

WEg BB NE- 15+ [FEEFE
3. X, Y 7t (1134, 24) Sl X0 02~ X

HES 22/5l0] Section & X|™H&L|C}.

4. Y-Section O REF HEZ 28&/5l0{ == Pop-up HFO0l|A Add to Plot 2 = 2/2tL|C}.
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A Campbell Diagram

[AR-1& S

707715

6290.80

5504.45

471810

1572.70

i 1
I
X—Sectiunl

| | | | | | | | |
300.00 400.00 500.00 600.00 700.00 800.00 900.00 1000.00 1100.00 1200.00

Viewing Style

Mark Data Points Graph

(@ Zoom

X - Section

Show Section Line

rSecionView ————————————

O Data Trace

300.00 400.00 500.00 600.00 700.00 &00.00 $00.00 41000.00 1100.00 1200.00 |

Fit

RPM

Plot O Y-Section Data 7} A ElL|C},

3D Plot AI235}7|

Graph £ £ Campbell Diagram °| C}O|2 2 1= FO0tZfL|Ct,

Plot £°| Graph Type O|Al Surface Contour (3D)S MEi%tL|Ct,

Clo|g=1 W otzfZo| Plot HES S2FLICH
otzfet 20| 3D Plot O EO{FL|Ct,
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4 Campbell Diagram - B x

(DR - DPDEL 1#E(e

7077.15

@
°
=
~4
c
=
[}
=

1572.70

Note: Mouse Operation

Rotate View: Ot~ 2% HECZ Drag otH 2tHO| Rotate & LIt

Translate View: Shift + Ot 1% HE2E Drag St 2tHO| Translate & L|Ct.

Light Change: 022 & HESE Click ¢+ M2 Drag 8™ Light Source 2| Q|X|7} HZAE L|C},
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Thanks for participating in this tutorial!
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