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As an Engineering Service Provider,
from concept development to drawings, ‘

from prototypes to serial production,
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Middle Case

1st Counter Shaft Front Case

Valve Body
(Hydraulic Control System)

2nd Counter Shaft

EOP (Electric Oil Pump)
& Oil Filter

Torque Vectoring Clutch Motor

2 Speed EV Transmission with Torque Vectoring
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E-Axle

1st Clutch
i:4.250 (51/12)

T i:3.231 (84/26)
Torque //

Vectoring
Clutch }7*
T\ 3/ Motor
'l
e

Stick diagram

/
T~

—_ Drive Shaft
2nd Clutch
i:2.316 (44/19)

Step ratio 1.835
Total gear 1st : 13.731 (3.231x4.250)
ratio 2nd : 7.483 (3.231x2.316)

No.. of 21
bearings
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Counter Gear

1st Counter Shaf

Rotor Shaft

Drive Shaft

2nd Counter Shaft

Counter Gear
Torque Vectoring Clutch

2nd Clutch
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Valve Body /4,/ A
(Hydraulic Control System) é’? ¢
%%
7%
h
0il Cooler 7 s
(Option) ?\
) )] No Parking
] (©)
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\ 2nd Counter Shaft
EOP (Electric Oil Pump)
With Parking
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1. 2nd Counter Shaft - Pinion Gear N " 1 C-Stone Technologles
X 2. 2nd Final Ring Gear | :
» Helical Gear (R) lical R | Jreninnogarki Parther
> 7| 0‘| x‘" ‘?‘ M ﬁl - Number of Teeth : 19 » Hel |t;)a Gefar( )h ! S 'f' R
: R : i
= 1) Torque : 1163 N-m e et | pecification
2) Speed : 1161 RPM T |
,,,,,,,,,,,,,,,,,,,,,,, 2) Speed : 500 RPM |
C =7 I-_ﬁ I o.l ,,,,,,,,,,,,,,,,,,,, !
> 2 I- &- o= 7 % Gear Geometry & P 1. Torque / RPMT Unit RPM Unit
Gear Ratio 1:2.32 b Catt-peear 1163 " 1161 "
ne o e N-m Rev/Min
2nd Final Ring Gear 2693 500
2. Material Strength (ISO 6336-5)
OF im Unit O lim Unit
SCRA20HB 430 N/mm? 1500 N/mm?
(MQ Grade)
Driving Force Direction =————p
Part Name 2nd C.Shaft - P.Gearl 2nd Final Ring Gear Unit Helical G s ificati 3. Oil : ATF SP-1lI
Module 35 mm elical ear Specification Temp. Viscosity Unit  Oil Temp.  Unit
Number of Teeth 19 | 44 Division Drive Driven 40 38 mm¥s 80 oc
Pressure Angle 20 degree Deformation Base Section Transverse | Transverse 100 75
Helix Angle (Hand) 30 (R) 30 (L) degree Helix Angle (Hand) 30 (R) 30 (L)
Tip Circle Dia. 84.300 183.700 mm Number of Teeth 19 44
Root Circle Dia. 68.500 168.000 mm Tooth Type Profile Shifted | Profile Shifted 4. Tooth Thickness Allowances
Profile' S'hift 00700 01568 Tool Module 3. > DIN 3967 d26 (Automobiles)
Coefficient Pressure Angle 20
Facewidth 520 515 mm Pitch Circle Diamter (P.C.D.) 76.788 177.824
Center Distance 127 mm Base Circle Diameter 70.790 163.934 5. Quality
Tooth Profile 1.0000/ 0.3800 1.0000/ 0.3800 Tip Circle Diameter 84.300 183.700 I1SO 1328 - 6
(Ad / Rr / Dd) / 1.2500 /1.2500 Root Circle Diameter 68.500 168.000
Crowning 0.01 ~ 0.015 0.01 ~ 0.015 mm Tooth I Base Tangent Length 37675 004 | 69954 904
Chamfer / Tooth end 05 05 mm Thickness | Number of teeth Spanned 4 7 6. Strength / Safety
Torque (Input) 1163 (360 x 84/26) N-m Profile Shift Coefficients 0.0700 -0.1568 1SO 6336 : 2006 Method B
RPM (Input) 1161 (3750 x 26/84) Rev/min Center Distance 127
Stress 455,65 466.46 N/mm? Quality ISO 6 Grade | ISO 6 Grade
Root (Limit) (744.05) (757.24) % Gear Geometry 7. Required Service Life
Strength . . 2nd Final Ring Gear 5000h
Safety 1.633 1.623 Line of Action Pitch Circle
Stress 1538.77 1538.77 N/mm?
Flank (Limit) (1362.22) (1397.77)
Strength
Safety 0.885 0.908
T 1342 i i
Contact |Transverse Confidential
Rati Overlap 2274
atio Total 3615 2nd Counter Shaft - Pinion Gear 21.03. 23 by Y. J. Park
Confidential C-Stone Technologies proprietary and not for distribution. www.c-stonetech.com Drive Your Own Technology
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Gear Box Layout (including power flow)

Gear information

H7PPER-LCX
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No. of Pitch Face |Pressure | Helix Helix
Let Pinion Gear . Module| Theeth [Circle Dia. |Width | Angle | Angle Direction
1st Final Ring Gear 2ar (1¢t Counter Shaft ) - Counter Gear [EA] [mm] [mm] €] ]
1st Counter Shaft, \ = Motor PinionGear 2 26 60.036 355 20 30 R
o [Max. 25,000N @ 1% Clutch ON] Reducer Gear 1 2 84 | 193964 | 35 20 30 L
Motor Reducer Gear 2 2 84 193.964 35 20 30 L
j:'—ﬁj 1st Drive Gear 35 12 48.381 60 20 30 R
d Gear ratio : 3.2 Motor Pinion Gear 1st Driven Gear 35 51 205.619 56 20 30 L
T -
Vectoring ﬁ 1 speed power flow Drive Shaft BRG 2nd Drive Gear | 35 | 19 | 76603 | 52 20 30 R
\ 2nd Driven G . .
- 7 -D_\ nd Driven Gear 35 44 177.397 52 20 30 L
=
I » 1 speed
- ¥ 1
/' : : Application data
. % 1 ! ; : Motor P 141
Drive Shaft L 1 | Gear ratio : 3.27 Max. Ratings oo o 0 kw
! ' r Drive Shaft R (Cannot last longer than Max. Speed 10,000 rpm
Gearratio : 2.32— 320 seconds) Max. Torque 360 Nm
Rated Power 80 kw
“‘. Normal Ratings Rated Speed 3,640 rpm
I - = [Max. 25,000N @ 2 Clutch ON] Rated Torque 210
2nd Counter Shaft [ \ 5 il Nm
2nd Final Ring Gear
Counter Gear Operating temperature - °C
2nd Pinion Gear o« Peak temperature °C
(2nd Counter Shaft) Confidential i _
Rotor weight - g
Load Cycle Target /ife time hr Oil information
Case Input torque [Nm] Rotation speed [rpm] Gear thrust force [N] Gear tangential force [N] Case weight [s] Oil name
1 o mmA2/s @ 40 °C
Oil viscosity
2 mm”2/s @ 100 °C
3 Qil clealiness (eC) (if applicable)

C-Stone Technologies proprietary and not for distribution. www.c-stonetech.com
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1. Shaft deflection and stress

Item Value Unit
Maximum Deflection 105.5 um
Maximum Equivalent Stress 151.7 N/mm?
Torsion under Torque 0.106 °

2. Bearing reaction force & Service life & Static safety factor

Bearing Item Value Unit
Bearing reaction force [Fx] -13,231 N
Bearing reaction force [Fy] 29,745 N
. Bearing reaction force [Fz] -12,923 N
Bearing 1 - - -
Bearing radial reaction force [Fr] 18,496 N
Bearing service life 904 h
Bearing static safety factor 4.27 -
Bearing reaction force [Fx] -1,450 N
Bearing reaction force [Fy] -2,139 N
. Bearing reaction force [FZz] -7,997 N
Bearing 2 - - -
Bearing radial reaction force [Fr] 8,127 N
Bearing service life 23,736 h
Bearing static safety factor 7.40 ' Shaft deformation & Force direction
C-Stone Technologies proprietary and not for distribution. www.c-stonetech.com Drive Your Own Technology
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m Project Shift Clutch |
W Operating Conditions W Torque Capacity
+ Motor Torque| 210.0 Nm #1 Piston Force p 15,229 N
« Clutch Torque Ratio| 3.231 - #2 Piston Force » 0 N
+ Max. Motor Speed| 10,000 RPM 2 TOTAL Piston Force p 15,229 N
+ Clutch Speed Ratio| 0310 - Net Piston Force @ Fs_o p 14,088 N
+ Hydraulic Pressure| 16.0 bar TORQUE CAPACITY » 733.3 Nm
+ Friction Loss| 0.2 bar SAFETY MARGINE » 108 -
- ATF Density| 0.00089 | kgf/cm’
[0 Friction Facing Loading [
m Return Spring Specifications UNIT PRESSURE p 3724 [ bar |
- Installation Load (Fs_i)] 929 N
+ Operating Load (Fs_0)[ 1,141 N O Return Spring Loading
« Operating Stroke| 3.0 mm INSTALLATION p | 0.96 [ bar
+ Max. Stroke| 40 mm OPERATING p | 1.18 [ bar
m Friction Disk Dimensions m Centrifugal Pressure
+ Quter Diameter| 100.0 mm O Input Speed RPM 500 1500 2000
+ Inner Diameter| 72.0 mm RPM | 154.762 | 464.286 | 619.048
- Clutch Speed »
« No. of Disk| 5 - rad/sec| 16.2 436 64.8
+ Friction Coefficient] 012 #1 Piston Force p N 4.9 44.2 786
#2 Piston Force p N 0.0 0.0 0.0
W Piston Dimensions #1 B/Wall Force p N 0.00 0.00 0.00
O #1 Piston #2 B/Wall Force » N 0.00 0.00 0.00
+ Quter Diameter| 144.0 mm Net B. Force p N -49 -44.2 -78.6
« Inner Diameter| 92.0 mm Net B. Force + Fs.i p N 9241 884.8 8504
+ Hub Diameter| 0.0 mm +Fsop N 11361 | 10968 | 10624
[ #2 Piston [ B/P Loading @ Fs_i p{ bar 0.96 0.92 0.88
« Quter Diameter| 0.0 mm O B/P Loading @ Fs_op bar 118 114 110
« Inner Diameter| 0.0 mm
- Hub Diameter| 0.0 mm Remarks
W Balance Wall Dimensions W Comments
O #1 Balance Wall
+ Quter Diameter| 0.0 mm - Rated Torque 7| &
dimcitiameter| 00 o - Max. TorqueA| 26 bar 2 (HH |4 : 1.06)
+ Hub Diameter| 0.0 mm
O #2 Balance Wall
« Outer Diameter| 0.0 mm
* Inner Diameter| 0.0 mm Designed by | H. K Choi ‘ Signature
- Hub Diameter] 0.0 mm

C-Stone Technologies proprietary and not for distribution. www.c-stonetech.com
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Clutch Pack
e Piston

Shifting Clutch Drum \\\\ ‘ /

\ \ I Connecting Piston

Needle Roller Bearing

Snap Ring

Thrust Bearing

Thrust Bearing /

_ Return Spring

. Counter Gear

1-2 Shift Clutch
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1 2 | 3 | 4 | | g | 7 =]
l [ o Jw v imigis (TS OOiF RN &2
I Fe lessed orne | DrPark
2 SPEED EVT ELECTRO-HYDRAULIC CONTROL SYSTEM
Al A
# Line Relief Yalve # Accunulator
- Spring — Accumu lator Size
— — L=40m /L =257m Piston Dia. = o4 mn —
= Motor Housing L=13.3m / Aleex = 14 mm Piston hrealdc] = 12,57 ot
A1R BFEATHER - .9 N/ mm Piston Stroke[S] = 1.6 cm
B S mn Pigton Yolune [¥%] = 20.1 a¢ B
1.2 mm F =Fx =1.1=% 1257
L = 40,78 kg./on? (= 40 bar) 129,
— PRESZUFE - Ball & Hole Size |
SENSOR [ = 26 :
No.5 0 = ¢5 m - Spring
MiDl .25 L =80 mi /Ly = 75 nm
c 3 Pressure Sensor Mo.1-5 (Sensata) AL= B0 m /Al = 20.0 -
Pressure Range - 0 ~ 6.0 MPa
Pronf Pressure .7 HPa
—3 Aecunulator S Burst Pressure : 20.0 MPa
= Operating Temperature : -40 ~ 140 “C
| Input Yoltage @6 +£0.25 VIC
D n}
Line Felief Yalve 1.0 - 10
E E
0o e atroesml
Delivery : % 0il Pump Pressure
F 8.2 cofrev Pressure Max, © 40 bar F
Check Valve : Puleation 0.8 bar |
o L0 W Fequired Flow = 16.3 LM T
—] + To be reviewed -
1/5-26 BPT 2 2 NAEHISEZRAF)2 Aoz A,
G PER JISHEI HAE HIZEZR ()2 AR HE =21 8lo G
CLUTCH 2 S HE =2 LSS AL HRlEA, HAME =
TEP. SR (GE) T/M 0 | Reservoir s BHZE Al SR UHESHE 212 SRIECH
%%HE 3 Temp, Sensor (GE)
Ho.3 Tenn Fange * 30~ 150 ¢ NO. | TH(ZEEY | peRT no.ERD PART MAHE(EE ) s | ek
H Ex. Sol. PRV Input Yoltage - 5.12 YOO " H
: . P HFPROVAL/DATE FILE Nt o s
No.3 Rated Fesistance Yalue : 2.5 Kohn (it 20 °C) e T CHEK( 221 ) plirsymioit erm | DaEGE | waEeR)
| % Solenoid Valve Mo.1~4 [FPY) [HILITE] % 00l Filter D.H.Ha D.H.Park / 20.10.30 20.10.30 1:1 |
3/2 Proport ional Pressure Control Valve Filter Dia. : @ 36.5 m ol N")WE H2§F'E‘EDCE¥"T ‘E‘SEUS;U'
Confldentlal EDZEI’DA‘ P:eﬂsiure : ga):.lgjgh?r‘ Lenath : B35 mm C—Stone TEC'hﬂOIOgIES 2y ydraulic Control System
P " WAE B IZRRAE) | P ===
2 | ao
1 l 3 I + I =3 I 9 I T 1T
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% EVE 25 H27] 74 (ERA) - 47 7289 Al (1)
>  HIO{A|AEY 2f|o]ofR
Accumulator
Oil Filter (Option)
Valve Body
Pressure Sensor
; Oil Filter
Solenoid Valve
EOP (Electric Oil Pump)
o . _ i i ictri i - Drive Your Own Technol
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> 22X 23 oo

=

» Disc Pressure Connect Piston

« Connect PistonC 25 EH XK OEC|AF = Connect He
Piston2| HFCH Sk Uféﬁ L Z 50| A Z[Cf B0 Ehat

- OpEH ORH*o 220 HY2 o MPa = ¢

o« OFEXHO|| 2t HR2 MPaZltX| 7tsStEE EX7F 22 A Min.
o2 EEhE

F

Friction Facing Pressure Distribution

» Structural Stress

« Connect Piston®| Thrust Bearing X| X| £ (2 H %) 0| A %/ CH
2E=IO| HFAH SH Max.
o =2 oo
« Connect Piston2| Z§ & QI S45C2| & 2L == MPaZE Z|CH
SHO| ¢=EZx O|Lfo|E 2 OBt Z{o = THEHE
Min. -

Structural Analysis

Confidential C-Stone Technologies proprietary and not for distribution. www.c-stonetech.com
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2. HSG Concept
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1) Design Target - HSG Installation Space
265.6 mm

| Install. Space : 190 mm
98 mm X

[
l63.9 mm

| 103.7 mm

[R—— —

Rotor Output Shaft

Resolver Plate
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Layout Decision & Optimization

2) HSG Layout - Exploded View

DMF Assembly

Engine Matching Surface ~ Input
DMF-Crank Shaft Bolting Surface : 229 mm ' Shaft
~
B Engine Bracket
R DMF o
DMF Supporter Pump
Resolver Plate
Rotor Shaft Bearing Supporter
Rotor Shaft oil P-n'f .:
s Motor Assembly Input S
Motor Houting I Engine Bracket
3
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3. Structure of HSG cc.mmrm 3. Structure of HSG cc.mmrw
2) Engine Bracket & DMF Assembly 3) Motor Assembly
Ergine Resoher
Bracket g Plate
s - ABADE
Assombly
DMF
<Engine Bracket> <DMF Modification> s <Resolver Plate> <Motor Housing & Stator Assembly
DMF  DMF  Ergine Robar Sl Sm;; bv; Retainor mms.uw :lo;na' Aotor
Supporter:” Bracket R/S Bearing ——&/S Bush Sl Seava Wotor
s Bush
Motor
Housing
Core Magnet .:‘I"S*
e Supportes
<Section View> <Section View> <Rotor Assembly Exploded View
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3. Structure of HSG €€ - stone Technologies 1. Structure of HSG Prototype €€ - tone Technologes
4) Mission Bracket & TM Case 1) Structure of HSG - Input Shaft & Oil Pump Exploded View
Riby
=
oil
Mission Pump
oncha <Mission Bracket> <TM Case Modification>
T Case
Input
Shaft
e Ol Pty
«Section V:w; <Mission Bracket - TM Case Modification & Welding >
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2. HSG Components € c-senetechnoogies 2. HSG Components € ¢:stone Technologies
1) Engine Bracket & DMF Assembly - Engine Bracket 2) Motor Assembly - Rotor Assembly
Shape Shape
e
-t -
Characteristics ;:::"'““
1. Ingine Bracket 1. Retor Shaft Assembly

- O.0.: Daas, 1,0, : @30E . Wicth : 66,6 men
- Material : S435C

+ 00 DL, Length 1 99.1 mm
Material ; Rotor Shaft, RS Bearing Supporter - SCrd 20048,
R/S Bush - P-8rorae
2. Rotor Assembly
Rotor Sleeve & Rotor Shaft Assembly

£8 Welding & Machining & Press Fating <R/S Bearing Supporter= <Rotor Assembly>

< Back>
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3} Mission Bracket & TM Case - Mission Bracket & Rib & TM Case 4) Input Shaft & Oil Pump - Oil Pump
Shape Shape

—— GilPug

Characteristies

1. Mission Bracket
- 0.0.: D364, 1,0, : 2281 men . Width : 14,3 mm

1. Oil Pump Modification
- 0D.; 02252,1.0.: 24 men | Length : 128 mm

- Material : ALE0E1 <Ribs & Welding> - Oil Pump Frocassing
: ADC 10
kil Material : ADC 10 or 12
Material : ALGO61
<Reaction Shaft Machining» <Cover & Bolting>
<Dowel Pin
(TM Case-Mission Bracket)»
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3. HSG Assembly €€ c- stone Technologies 3. HSG Assembly €€ c-Stone Technologies

1) Assembling Procedure 1) Assembling Procedure

1 Transmission & Od Pump & Motor Assembly 2. DMF & DWMF Supporter

* Wt OFl Pamp 6 Tightes wp the * By suing Dowel Mas, fasemble Motor Hosseg & TM Cawe  Tightes up T Bofts

Eoits & Apply Sealars:

= Tighoen sp the Bokn Completion - From Campletion - Back
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3. HSG Assembly

2) Assembly

1. Engine Bracket & DMF Assembly & TM-Motor Assembly

[
Bemcher

oMF
Boomredy ™

2 Vehicle Tast
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6) Rotor Shaft
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