DUA TREN TAC PHAM THE PHYSICS AND.
TECHNOLOGY OF TENNIS (CHUONG 2).

KHOA ROC VAT LI EU} > Z
VOT TENNIS: Bl AN DA N\
SAU MARKETING

Gidi ma Graphite, M6-dun (Modulus), — 22
Titanium va Vat liéu Ap dién (Piezoelectric):® 7

Trinh bay: Rod Cross & Crawford Lindsey Bién dich: Sky Tennis.
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Tai Sao Lai La Graphite?

Toan bd nhiing dot phé cua vot tennis hién dai (Superoversize, Widebody, Superlight) déu bat ngudn tir mot vat liéu cot 16i: Graphite Composite.

Ky Nguyén Go

Head head size

Stress point /£ l LY

! High load

Nang,

Dién tich mat nho

Solid fare i ;
Gire 0. TO0 (\ Head size

4 50605 High
. v
Solid core e Ty
B T High load
¥ heat

PRE-19705 |
- =

Ky Nguyén Kim Loai

, I\ Deformation vinals

Barmnung = 2275

]

Udn cong
gua mifc

Deformstion dala

Dalas+ 33008 Yield Strength Limit

W= 120060nm
Veuws 200 Eplorn

| 1970s - 1980s | |
' !

VAT LIEU TRUNG GIAN: NHOM

— mORR R

4

:f & ~ afs - - o
Uu diem tuyét doi: Graphite cho phép ché tao
cac cdu tric khung rong cting cp han nhung lai

T,

Ky Nguyén Graphite

SOffiess-to-weiglit rslio
ST0 - 258 180
M0 = 2006 pom”®

Advancsd rgndulus

Are = 100 zne [
MO = 2,33 inm-

Cau tric rong,
Siéu nhe,
Mat vot IGn/Oversize

Cress-sectians-weight rip

80 12.96 Mita
Meduilo=78.20 053

Lress-gsctional area
Area: 1,007 m*

1
|
!

Madt vt Modews |
o T Crass-seclienal ares

frea: 13.671 m*

| POST-1980s - HIEN TAI J}

[ r— |
— [BIEI‘I dich: Sky TEHI'IIS—"

I-_ &1 NotebookLM




Giai Ma “Mo-dun” (Modulus)

Mo&-dun Ia thude do do cung tinh (Stiffness) cua vat liéu. M6-dun
cang cao, vat lieu cang chong lai su bién dang khi bi tac dung luc.

Ung suat (Stress)

Mo-dun =

Bién dang dinh mic (Strain)

- Elongation

¥ 4

My

Trong nganh cong nghiép
vot, Tensile Modulus (Mo6-
dun do bén kéo) la chi so
dudc cac nha quang cao .
trich dan nhiéu nhat.

—

Force/Luc

Bién dich: Sky Tennis.
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PuUng Bi LUa Bai TU ‘Hyper’

Tiéu chuan Trung binh Cao Siéu cao
(Standard) | (Intermediate) | (High) | (Ultra-high) |
30-39 Msi 40-49 Msi 50-58 Msi > 58 Msi
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‘Hyper Carbon’ nim & day.

“Hyper Carbon” hay “GraphitExtreme” thuc chat chi la tén thuong mai cho
danh muc vat liéu Ultra-high modulus (>58 Msi). Hoan toan khong cé cap doé
vat lieu khoa hoc nao mang tén “Hyper”.

Bién dich: Sky Tennis.
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Nghich Ly: Cung Hon Chua Chac ba Tot Hon
Vat liéu Mo-dun siéu cao cuc ky cirng, nhung lai gion hon
va ton it nang lugng hon dé be gay. |
- Do bén chiu luc
(Strength)
: Pocing [N |
(Stiffness/Modulus) =~
ALY
r a Bi quyét cua ky su: Vot cang nhe, cang can vat !
n lieu DO cling cao. Nhung dé vot khong bi gay vo,
. nha san xuat bat budc phai pha tron nhiéu cap
- do Mo-dun khac nhau. )

Bién dich: Sky Tennis.
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Su That Cua ‘Composite’: Sgi Phai Di fﬁng Nhua (Resin)

Pang sau soi Carbon la “Ma tran” nhua lién két.

ng huong / Isotropic - Chiu luc moi hudng

e

Di’huéng / Anisotropic - Chi chiu luc mét chigu D

. Nhl_l’g nhiét ran (Thf/[moseﬁing/Epoxy): Cung lai dudi nhiét do cao, tao cau trdc lién két chéo.
Ung dung: Lam Khung vot. :
e Nhua nhiét déo (Thermoplastic): Mém déo, phan ttr truot [én nhau. Ung dung: D4y dan vot (Strings).

Bién dich: Sky Tennis.
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Prepreg: Trang Thai 'Ngu Pong' Cua Vat Liéu

Prepreg (Soi tam nhua san) la cac tam bang chira hang ngan soi carbon don huéng,
da tam epoxy nhung chua dugc dong ran (cured) hoan toan.

AN AN\

Chuing phai duoc bao quan lanh
(refrigerated) lién tuc dé epoxy khong bi
cirng lai o nhiét do phong trudce khi dua

vao khuon duc vot. ..J

Bién dich: Sky Tennis.
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Ky Thuat Xép Ldp (Racquet Lay-up): Nghé T.ﬁuét Cua Cac Goc Po

Sgi carbon cuc cting theo chiéu doc, nhung mat di 80% do clng néu luc tac dong
léch 45°, va mat 100% 6 90°.

Ldp 90° (Ngang): Gia co vanh
vot dé chiu suc kéo cla day dan.

N Ldp gdc chéo: Toi uu hoa tinh
77 J chong xoan (Torsional stiffness).
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:*’ Ldp 0° (Doc): Tang dd cling chiu udn
(Bending stiffness).

Bién dich: Sky Tennis.
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Su That Ve Titanium: Kép Phu Bi Thoi Phong

Trong Golf, Titanium 1a vat liéu cau tric chinh.
Nhung trong Tennis, Graphite mdi la ngoi sao.

Vai tro thuc su: Ngudi ta them maot luclng cuc nhé sdi Titanium |

o 4. e N \ (dang hu‘dng) xen ké vao graphite dé glam bt 10p carbon 90°
. can thiét. N6 gitp tiét kiém trong lugng & chac ba va vai vot.
e Vot nhe la nhd Graphite, khong phai nhd Titanium!
= gtnhe P gp g =

Bién dich: Sky Tennis.
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Budc Tién Vao Vat Liéu Ap Dién (Piezoelectric)

Vat liéu Ap dién c6 kha nang chuyén héa hai chiéu ky diéu: Tao ra dong dién khi bi
udn cong do luc tac dong. Ngudc lai, no Sé tu bién dang néu dudc truyén dong dién.

A
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L * C ché: Su bién dang ddy cac hat dian tich am/duong lach |
b 3 khoi vi tri trung hoa, sinh ra tia Itfa dién ndi tai ngay khi
o bong cham day.
e | —— g rd __/

Bién dich: Sky Tennis.
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& Carbon Blueprint

Hai Lgi Ich Cia Hé Thong Plezo Thubong

Vot Piezo “thdng minh” vi né tuong tac thich ing vdi luc tac dong:

[— # « Tiéu hao rung déng (Damping): Ddng nang tir ct va cham chuyén thanh =
| ‘ A 1 | nang lugng dién, thay vi truyén rung déng ddc hai Ién tay ngudi choi.

2 o TU tang cuong dé cung (Stlffemng] Dong dién sinh ra tao ra luc phuc h?ji;

khién khung vat tu dong tro nén cirng hon khi bi udén cong manh. —
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o Bién dich: Sky Tennis.

& NotebooklLM



& Carbon Blueprint

mach.
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s 3. Phan luc (Counter-force): Dong
- dién lam vat liéu Piezo co lai, tao
- ra rung dong ngugc pha (out-of-
phase) dé triét tiéu hoan toan
song co hoc tan du.

Hé Théng Dién Tir Chii Dong (Toc D6 Anh Sang)

y (Brain): Microchip
inh toan va lap tuc

xa ngugc dong
dién tro lai.

1. Nhén dién (Sensor): Vat liéu Piezo j
nhan luc uén, truyén dién xudng vi

Bién dich: Sky Tennis.
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Khong c6 mot vat liéu don |é nao tu tao nén mat cay vot tot. Stire manh va trong luong dén
tlr Graphite Composite. Tinh linh hoat va do ctirng dugc tinh chinh qua nghé thuét Xép lop

Lay-up (Goc do xép lop)

(Lay-up). Va hiéu suat gidi han duoc pha vo boi Piezo / Titanium.

Cay Vot Hien Dai
(Modern Racquet)

Cong Thirc Hoan Chinh Cua Ky Su

Graphite Composite (Sgi + Nhya)

Smart Additives (Titanium / Piezo) |
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Pirng mua nhirng thuat ngir marketing don le.

~

| Hay mua su két hop ky thuat tinh té dang sau no.

-

N

Bién dich: Sky Tennis.
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“Vat liéu tét nhat khong nam ¢ tén goi bong
bay, ma nam O cach cac nguyen Iy vat ly
phuc vu cu danh cua ban."

- Rod Cross

Dua trén tac pham: The Physics and Technology of Tennis
(Howard Brody, Rod Cross & Crawford Lindsey).

Bién dich & Chuyén ngir ndi dung: Sky Tennis. Ban quyén ndi dung chuyén mdn thudc vé Sky Tennis. Doan dich thuit Chuong 2 - Trang 29.
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