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1 Preparation process
Carbon Ceramic Brake coated discs @
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Now let’s see the preparation/fabrication/manufacturing process of CCB (Carbon Ceramic Brake) coated discs.
Firstly, the 3D needle-punched and structure function integrated fabric preform were prepared by three dimension needling

technology.

Nest step involved in deposition of pyrolytic carbon on fabric performs by CVI (Chemical vapor['veipa(r)] infiltration)
process. The CVI process was conducted at 1000-1200°C for 200-300 h. Natural gas was served as a precursor in the CVI.
After graphitization at 2000-2550°C, machining (cleaning, drying and roughening ) and coating, we can get the coated C-C

composites.

Moving on to the next significant procedure, liquid silicon infiltration, started with isolation layer preparation and putting C-
C composites into furnace for LSI, ended with finish machining, quality detection and assembly. Finally, a CCB disc was

obtained.
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Fig. 2.1 Schematic of non-woven fiber cloth carbon felt (1: 0° non-woven [fiber
cloth. 2. 4: short-cut fiber web. 3: 90°non-woven fiber cloth)
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1 Preparation process

4 Preparation process of CCB (Carbon Ceramlc Brake) coated discs
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1 Preparation process
4@ Coating technology

Phase composition of the structure-function integrated C/C-SiC

* Long carbon fibers

« SiC
e §j
e CVIcarbon

Carbon fibre

Microstructure of frictional
function layer

Microstructure of discs The morphology of interface

Advantages of SiC in frictional functional layer

* SiC Phase content: more than 80%

« Outstanding friction performance

Microstructure of cross section (interface) - Higher temperature resistance

of frictional function layer and C-C composites
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4@ Coating technology

Uniqgue friction layer preparation technology- higher temperature resistance & better fiction performance

SiC coating on the surface
« Oxidation resistance

Surface fibers are exposed .
« Surface temperature resistance

» easy to oxidize

. 1400°C
* Unstable friction - R - Abrasion resistance, about 5
performance _ _ _ _ times that of the uncoated disc
Carbon ceramic brake disc Carbon Ceramic Brake disc « Uniform and stable friction
(uncoated disc) (coated disc) coefficient

€ Ceramic layer over 0.6 mm in thickness performed outstanding frictional performance at 1000 °C and -30 °C.

€ Prevention inner carbon fibers from high-temperature oxidation, ensuring mechanical properties and safety of brake discs.
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1 Preparation process

€ Mechanical properties of long fiber carbon ceramic brake discs

ltems Short fiber Long fiber
carbon ceramic brake discs carbon ceramic brake discs

Tensile strength (MPa) 20-40 80-165

Elastic modulus (GPa) 30-60 60-120

Flexural strength (MPa) 50-80 150-230
Thermal conductivity (W/m/K) 20-40 40-80

€ Higher thermal conductivity, lower service temperature, no fading.

€ Excellent mechanical strength can help to increase service life and improve durability.
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2 Carbon Ceramic Brake discs performance test
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2 CCB discs performance test
€ BXX Salt Spray Test

No. Test Methods & conditions

Braking times: 50
Braking pressure: 25 bar
1.0 Abrasion Initial speed: 150 km/h
Terminal speed: 50 km/h
Initial temperature: << 150°C
Braking times: 1
Braking pressure: 10. 20. 30. 40. 60. 80. 100. 120 bar
Initial speed: 120 km/h
120 km/h  [Terminal speed: 80 km/h Before testing After testing
Variable pressure JAir volume for cooling: 2000 m*h
Initial spray temperature: 80°C
spray speed: 10 km/h
Spray duration: 10s
Braking times: 1
Braking pressure: 10, 20. 30. 40. 60. 80. 100. 120 bar
Initial speed: 200 km/h
Terminal speed: 170 km/h
Air volume for cooling: 2000 m%h
Initial spray temperature: 80°C
spray speed: 10 km/h
Spray duration: 10s
Braking times: 1

Deceleration: 0.6¢ Sra device
06g Initial speed: 200 km/h pray

4.0 High-velocity [Terminal speed: 60km/h COﬂCl usion

braking Air volume for cooling: 4000 m¥h

Initial temperature: S0°C « After discontinuous spray, the surface of CCB disc is normal

Maximum braking pressure:160 bar

Braking times: 1 and free of wear as well as no corrosion.

Deceleration: 0.8 ¢

2.0

200 km/h
3.0 Variable pressure

. 089 . Initial speed: 200 km/h -
50 | HIONVEIOC rorminal speed: 60 ki  Furthermore, salt spray test result of brake disc has met the
g Air volume for cooling: 4000m*/h
Initial temperature: 50°C POI’SChe Standal’dS
Maximum braking pressure:160 bar
6.0 Cycles Cycle 3 times in 1-5 steps
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<€ Heat fading test

/YY1 No fading
CCB disc

Obvious fading
Steel disc

Red: temperature; Green: brake pressure; Blue: friction coefficient

« After passing the heat fading test in line with SAE J2522 standard (start from 100°C to 650°C after 15 times of
brake), the friction coefficient shows no fading. Moreover, it has excellent brake performance because friction
coefficient of mating plate reduced only 3% at 800 °C.

« The service temperature of carbon ceramic brake disc can reach 1400 °C, the friction coefficient is stable and
there is no fading.
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2 CCB discs performance testing

< Efficiency — strength test

Tested vehicle 6%6
model
Vehicle full-loaded quality Ga: 8000 kg
Load of front axle in full-loaded condition: 3600 kg
Wheel rolling radius (r): 0.502 m
Rated pressure: 13 MPa
Information | Unloaded quality: 6000 kg
Front and rear braking force distribution ratio: 0.64 :
0.36
Maximum speed: 120 km/h
Rated braking torque: 6600 N=m
Quantity  |CCB disc: 1 piece
Device Heavy vehicle brake test bench 8010
QC/T239-2015 <Commercial vehicle running brake
Reference .
standard technology reqﬂrements and tes:[ metrlod>
Test address: FFHIAZIRF RN FLDHRAT

WAL WS g W{hll_j.i)”ﬁ roT =% | MIl%

kv Mpa | K| A St CHERN B | BNk

Ak | HWiARE i RHE Wi | A

3 1548 — 2015 2317 — 2353

5 2468 == 3078 3464 = 3513

“ 7 3391 — a0f ) 4494 — 4637

9 4370 4950 5506 5702

11 5399 — 5955 6617 — 6887

13 6168 — 6947 7706 8097

3 2277 2476 2572

5 - 3654 3938 4033

95 7 — — 4824 5163 — 5375

9 — — 5764 6118 — 6414

1l 6443 6746 7129

13 6996 7263 7614
Conclusion

The maximum braking torque is 8097 N.m.

The body of CCB disc and accessories have no permanent

deformation and damage.
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2 CCB

discs performance test

< Efficiency— abrasion test

Tested
vehicle 6*6
model
Vehicle full-loaded quality Ga: 8000 kg
Load of front axle in full-loaded condition: 3600 kg
Wheel rolling radius (r): 0.502 m
Information Rated pressure: 13 MPa
Unloaded quality: 6000 kg
Front and rear braking force distribution ratio: 0.64 : 0.36
Maximum speed: 120 km/h
Rated braking torque: 6600 N=m
Quantity [CCB disc: 1 piece
Device [Heavy vehicle brake test bench 8010
QC/T239-2015 <Commercial vehicle running brake
Reference .
standard technology rqul_rements and tes} method>
Test address: FPRIXLRERNFOHRAF

XFEEESNEZEES
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km/h MPa L 4 PR WOk W= WK 5P

i il e R e e fig il A g

3 1548 2015 2317 | 2353

5 2468 — 3078 3464 — 3513

7 3391 — 4022 4494 — 4637

ve 9 4370 4950 5506 5702

11 5399 = 5955 6617 —— 6887

13 6168 — 6947 7706 8097

3 — . 2277 2476 — 2572

5 — ST 3654 3938 = 4033

95 7 —— — 4824 5163 —— 5375

9 — S 5764 6118 — 6414

11 6443 6746 7129

13 6996 7263 7614

! EHl— 15:10:49

Camera 01

Conclusion

* The maximum braking torque is 8097 N.m through 890
times braking at the variable pressure and speed conditions.

. Actl_JaI abrasion value is 0.002 mm, which means there is no
obvious wear.
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2 CCB discs performance test

<© Temperature rise test - Heat capacity

Test CCB discs Temperature rise test

Standard {Internal temperature rise test standard)

Quantity CCB disc: 1 piece

Conclusion
« Temperature rise is 26°C in working condition.

Braking times: 2000 « Due to CCB disc’s large heat capacity, single braking

Retardation: 0.8 g .. .
Initial speed: 234 km/h temperature rise is low and not prone to fadlng.

Test condition  (Terminal speed: 90 km/h @

Device LINK3000 Braking performance bench

Test Request #: Customer Ref:

Cooling air volume: 4000 m*/h
ay . - Torque Pressure
I n |t| al b rakl ng te m pe ratu re H fo rm u I a Brake  Release Stop Stop Average Decel Min Average Max Min Average Max Average Eff. Brake Temp
Stop  Speed Speed Time Distance | (Torgue)  (Time) (Dist) (Time) (Dist) (Time) (Dist) (Time) Initial Final
- o # kph kph sec | meter Nm N-m H-m Nem bar bar bar bar | unitless _unitless | | =c c
maximum tem pe rature: 725 C T 20783 10360 3858 17007 085 085 126600 140548 140855 148906 G872 7911  7B58 B 62 0283 02% Gl 584
2 20789 9042 4335 18349 081 081 122871 137301 138083 148733 5997 6980 6949 743 0320 032 521 653
3 20789 9042 4319 18283 082 081 125523 137743 138588 149828 6076 7241 7205 7679 0310 0314 624 654
4 20730 8998 4312 18128 082 083 125350 138281 139068 148733 6307 7420 7392 7810 0303 0306 526 656
5 20789 8998 4313 18207 082 082 130864 139376 139856 148675 6414 7522 7471 7793 0301 0305 827 662
6 20774 9042 433 18324 082 081 124716 137858 138607 143098 6433 7429 7404 7759 0302 0305 627 655
- o 720833 9012 4365 18479 082 081 125580 138031 138703 147830 6530 7452 7428 7783 0301 0304 627 654
Tem pe rature rise 2 6 C 8 20759 8998 4346 18322 082 081 125984 137800 138473 148272 6524 7453 7429  77.25 0301  0.303 628 654
9 20774 9027 4308 18187 082 081 124197 138184 138857 149328 6627 7504 7480 7762 0299 0302 528 654
10 207.89 9042 4310 18212 082 082 124408 138915 13433 148618 6522 7563 7524 7895 0299 0302 528 653
11 20774 8998 4343 18315 082 082 122679 138703 139376 149271 6479 7551 7511 7885 0293 0302 628 653
12 20789 8998 4330 18307 082 084 122583 138703 139376 150059 6476 7591 7553 7938 0297 0300 528 653
13 20803 8998 4374 18469 082 083 124754 138377 139030 149847 6528 7612 7574 7865 029 0299 628 652
14 20818 9027 4355 18469 082 082 125157 138338 139068 151115 6686 7684 7656 7921 0293 0295 528 651
15 20774 9042 4342 18344 082 081 128847 139126 139722 150712 6625 7707 7658 7911 0294 0297 628 655
16 207.89 8998 4326 18263 082 083 126848 139357 139894 150923 6688 7801 7756  80.89 0290  0.293 528 652
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Address: No. 88 Nanhuan East Road, Yucheng City, Dezhou City, Shandong Province
3 1&/Phone: 0534-2129277

mR#E/email : daopuan@yuwangcn.com
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