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Controlled Fire Polishing for Scratchitti Removal and Glass/Polycarbonate Surface
Re-conditioning
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The objective of this project isto continue the development of an environmentally benign,
novel re-manufacturing process to recondition the glass and plastic surfaces and to relief the
bothersome “scratchitti” vandalism.

Scratchitti isanew type of graffiti vandalism by scratching/etching on polycarbonate and
glass windows. It emerged and prevailsin public transits systems and city neighborhood after paint
or ink graffiti was conquered. Unlike paint graffiti, the scratches, which cannot be wiped away or
hidden by a coating, cause permanent damage. Scratchitti isso prevaent that it is on almost every
window and door of every rail car of New York City’s (NYC) subway lines. Scratchitti occurs not
only in New York City, but also in all United States cities and the world. It is not limited to
subways. Windows and doors (often large and expensive) of public buses or private cars,
residential homes, and business buildings also suffer severely from this type of vandalism.

This study adopts an innovative approach of controlled fire polishing which incorporates a
technique of localized softening and surface tension. Intensive heat is positioned near to the
scratch marks on the glass panel. The heat melts athin layer of glassinto aformable state. The
glassis melted to alevel close to the depth of the scratch, and allowed to cool down naturally.
During the cooling process, the surface tension of the melted glass will even out the scratching
indent. After cooling, the glass will be as even and smooth as it was originally.

In this project, we have carried out further on thermal and stress analysis, develop alonger
span nozzle, and built the second generation machine for automated scratchitti removal. The goal
isto bring the technology to a maturity level, and extend the application to treat plastic products.

Keywords: Remanufacturing, scratchitti, glass etching, glass surface recondition, fire polishing,
temperature distribution,



ﬂ@i*ﬁﬁﬁé%ﬁ’ﬁéﬁ@ﬁ R R~ AR T R RE R
FELEY AR AENR L RAZERE A B E S RIEE S Pl TR S HW
NI R F R EFE > R KE Aot Er Rha h- o

[£5 U SR W»\iﬁﬁﬁ],]“: BV b ABEIRA BB TR T AT e 3 -
FiE R AP RS A ZAMRR R BRSNS EET R R R T R e
i ' 2dE 4 1% € 7 o New York City Transit (NYCT) &= 5 4 = @ » 8 1989 # 5 *
&F&Lﬁ?—iiﬁ+ﬁowﬁﬁﬁﬁﬂﬁ~%ﬁﬁiﬁmﬁﬁﬁ%%%&*%@%%

} A gL B 0BT 3 adRe s o 145583 NYCT %
#3017 60008 ~7000F % ~ & *ﬁﬁ%”ﬁﬁﬂﬁéia’afswﬁ&%*éﬁ
LS EE TSI e

Y g !

— B R e S RJLA S AR §F B RR s B ORA L R RE
AR BARE R  BIR s B L A R B R
e 0 HI NN E RS BT 2 E T v ot Gldel d glI v s i 100%
E TR R BRI R ERSLF BRI W LRI W o TR A
<RI R G - IR ujmﬁmﬁ-.zw#@i%ﬂoiaé%;‘;&a%%:%fg’fg{—a‘%ﬂp%;;ei
ﬂjﬁﬁﬁmtﬁg TS I 4o # 3 1500°C 4+ (~2300kIkg B3 ) o 4 #re g 50%
A N*ﬁﬁ‘a“"@laﬁ@ Z & 6000KIKg (1) 4cpt & 5 1 g2 — o % end|R - 34 4 T%;:" o

LI B Pen® 2%y - R PVBL B aizswr e

ECRE

11\1,

ﬂq\_n
i
=1
(J«

- REILE I ] RIS F s A B R 5 B R IT gl B > LR

(oL A SURAEAR A zrjﬂlé’ i MBRT R R A R B F AL 0 WP R

FEANRDARIE R AT F P At SR A BT AP HREY LER kT o
570 E IRk - f¢% T NGk R G R GRITL A 5 SRR B F
7oA f;ﬁxgm:$*§§Tk;&ﬁ§%a’?%—iﬁl’&%@F“

I
BRCFS IR NG IR EAG RFFFEFFLEFRAREEL G FT P2 DR

2. FA3 B b
j\,g:rv'n—:\;%éﬁg it ) LLJ.J;[E*\;F_K%;;;ZF%%?;\;% = F T “Eﬁéiﬂ—’.'/nﬁév\’]“?& ?‘Eﬁ,{ﬂi‘ ,:d_-_g-_
BLAGIPN IR i dl 2 VIGRERE DR > TR NERE el R

3. Ay it
CERR VS ER NEE TR AP P U R O



ﬁﬁ*°Wﬁﬁ%i%%%%ﬁﬁﬁwsﬁkﬁTﬂﬁ@ﬁwﬁﬁua@%a%Jmﬁw
ToRBIPAL G nd b B oa *"Jrf%i)i’“% ° *+*"J>f%w)i"‘$ FREALY K Flhe B I3 a i@
RBAARR A RABEARE - AL 2P T AFEF o R ML Bk 54
LA AT b o )P IS EHRT- RN aRe kB2 AT G TR E o AT 2 R LRIy
Py @ R AT ERFPRIZP ET RS E RS M BT 3
TESROTRLE 0 IR RREERATREF Y 2 E D S B ek ap ko

A%ad (7 smBEik)
4.1 L ade k2 R RS T

BOUBAAPCERVRBAFEIRGARLN AR TR ATk
FUFER FRRERAGERA A eb o HONEMP K- 2 v o R
%

il S T

R W EALY o @ BRI BRI R A H ) BT LR R e 4T R0 R
ﬁ@mﬂaﬁﬁﬁﬁow4’%mﬁwﬁ&‘%w/# FoRce B~ YHRERE ~ v
FooolBA 2 RRRBAI I REE > GEREREABEIRERE S DTE -

v e
w%?u—ﬁﬁ@%@WAﬁA%’—éﬁigﬂﬁﬁﬁﬁmd’ﬁﬁWﬁwﬁ’@ﬁ
?l,{dé&")?‘%} mkﬁi’mi %é}mg*ﬂo

(DA & & FIRR DB FRUTE R FV RO g R R -

(QEREAFOE LIS FLHRERMN GTARAF EBRERATT > i 45
FIF e B o

(aiimﬁﬁéﬁﬂﬁﬁﬁﬁﬁh&wﬁwm?ﬁﬁﬁ i Butyral) » & & 7ER A N G
-2.7mmr2 % -5.6mm > )R ﬁ_* L B P BE R F4F AT ke fE Hﬁ;ﬁﬂ BRI

Q-

KiFARETEAH BN ERAGE RS AR (1)
R RGO BEE R A T TS 0 ST I SR A T kRS
) LB ARG W E R BRI HIAF 5 FE o Mo G A f B A

B~ SRLAT  WHRLR S s BURE R VS S 2 % TR
S A SIEF LRI

f

I
Y
B

=

fos
=)
&
—=
3
g
N
o
ga“: - 4\2

g
W
RES
=3
s
4
4
i
i
ok

Fli g E ot RFERBERY & E%Q%éﬂﬁﬁﬁﬁﬁﬁﬁ%b
1 AP EIL R R A T E o IR R TR R R Sl K R Sy
m;me, BLOh s A Al tEde kT R B > e B ’ﬁé’baﬁ»f'mﬂfﬁr%’“’ °

REREERT AL DN Y 0 Ed N PRIPER LN ATIA . 30 RER RS A
7o R EAEIERASGR o JI*FUEE > FAREBRINIFTRSSARELE T e

-k T EILERAT LG L E PRI mﬁ;;#g'%;fp&\v}fp I ARt R s ﬁ—*‘m_ﬁ
Fr}vﬁﬁépaﬁfﬁ-ﬁﬁﬁi ER RS Jﬁaﬁ%éﬁ%% °

va



EHFLCRRAPE HF R ARSI R A AT PRI RS LA LIIE S e
B Eh rﬁt;‘*’ljﬁiﬁ’%jﬁ:ﬁfgﬁfé—"\’%"g,#é;'éiiﬁ)iifi%ﬂv\ﬁJ v e g Bt
Ji'] ’]‘ff-” ‘\n—h)’ﬁ.?r 3 OUH A N HE o B g5l am ok ﬁi?j{“-““‘?% EE Y e
mgiﬁy@%gﬁ’g%%??%ﬁ%@%%%ﬁ%ﬁﬁ$o

K R RACRA Y e B 0)F 0 deW] | LRSS d R R LT
10479 90 f)i6 R R 8GR < HERRRER & J5 S R L0 08 RS 8 e
PR 190 ) o d PHRABEF > TRLTARFRARI DR CFRPRFIZHEN LG
B3 F )i%’“ﬁ’)iib Eeem EEORf S o B ,E,'g*&z o Bk e
WX D VBRI BRI 4\11\7.«% P X RBERGE R o AT R A
AT AR R 4;3242«3,5’7»@#‘,)3:{ e A

WERASFERT  HRE T RSB 2Y P2RA ARG T RER A6
TheEREE > HEE mMme ek FRFHRERE I DB FERE 0 FUE TR
BHEBRARUEEFS T RFIA* AT R ERPBABEAPF A EEFHAT B ALE
PR ATHERDR G o Lo Bl B R HRERPTE LAY O FREREFA R
B2 T RMEAER A FHREPRITEIOERN NS Y AL ToooW AT AR E A
AR oA P HRAERE RRT DL PR 300s kg o T OB RAEE R
R kKGR F ¥ A K::-‘f* v 'ﬁg’:guﬁlmﬁi‘{%w&‘;\‘m‘a ?‘K °

@ ’/*Q m‘,l.’/\ PagE vi

Lod sPph B * a2 E R > 2 RB[d A P 4 B5 2.7 mme
5.4 mmergk3g o ¢ i * PVBRE A = » FI R BL G e RGERT T AL
8 300°C » g'bﬁ#_l;z?‘r A4 ;}Fﬁ& FL"[ 4 %ﬂ%ﬁ_*ﬁu&:zﬁ% S TLPEEL AT
v MBI G B R S 500C 2 0 B AT AR 0 e g
PVBi = 5> g2 E 33 h sk o

CAFERRERTE BRIBARRFES R  FREFATAKE 2 m # A
B 2mm/s AT o R B RV UEIHcTE R RS F 0 Loa F‘-’"ﬁ?«"lé
E‘Jfé%iﬁ"‘,%é'lrf% gk o L E &% e & & PVB &&fF hite ' 1 % 300C =

3,;%;5; F*

HEIN A AR &gl o dod-h A 4235 10mmx30mm 2 5 2mmx
30mm > B 3FF 4 R

ARk 23§ PIB R -

Al G e GRS > R S BT g SR R A GRS € ARRIT .



Bll: Hgg%d BRBEREERGE 102 90 £ g B A &k i

Temperature v.s Time
at point of different depth from surface
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B 2 : Comparison of Results from Simulation and Experiment at P2
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Glass size=110mmx30mmx5mm
Nozzle Velocity=1.0 mm/sec

Glass heated by flame type 1
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Bl 4 Max. Stress History of Glass Heated by flame type 1

(Glass size:110 mmx30 mmx5 mm > velocity of nozzle:1.0 mm/sec)
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B b Max. Stress History of Glass Heated by flame type 3(10mm width)

(Glass size:110 mmx30 mmx5 mm > velocity of nozzle:1.0 mm/sec)
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# ® % f1"Method for Controlled Surface Scratch Removal and Glass Resurfacing ",
US Patent No. 6,877,341, April 12, 2005 » Total 14 claims.

SeongChan Jun and Shane Hong, “Scratchitti Removal and Glass Surface Recondition
by Controlled Fire Polishing”, Proceedings of the 7" International Conference on
Deburring and Surface Finishing, University of California, Berkeley, CA., USA. June
7-9, 2004. P. 423-432

BV s R0 s EH R T Iy LGPk 2 e 2GR B 24 A4 15 Temperature
Distribution Analysis for Fire-Polishing Control » C012 > ¢ =3 R ¥ 7 & ¢ 94
EEERITHIFELE > La SHBEEF)RE 2005£50 25p (AL FE
¥ NSC93-2212-E-009-018 )

Jun SC, Hong SY Transit scratchitti removal and glass resurfacing by controlled fire
polishing, JISME International Journal Series A-Solid MechanicsAnd Material
Engineering 49 (3): July 2006, 468-477
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BRE#73 n% 1 Continuethe temperature distribution investigation by finite element analysis

of various cases, with focus on (1) nozzle edge effect on heating boundary transient zone; (2) apply

the result of flame characterization so that the simulation will be more realistic.
© #F 3 ”Eﬁ}; PR 100% = =
BREF 1 7% 21 Experimentaly conduct the temperature distribution measurement inside the

glass pane by imbedded fine thermal couples.
@éﬁ?waﬁﬁ% 100% % =
B H 3 % 31 Advanced ceramic nozzle development: design and manufacturing, and testing

of heat source nozzle made of refractory material for both propane-oxygen and ethylene-oxygen

flame.

© #= B 100%% & i %o o FLE % rU] o s ks BT 4
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V%‘: o
BREF T N % 4 “Scratchitti Buster” machine modification with features needed from the
result of investigation
© FXFEHP BRI 100%%. =

B E#1  % 5 Flame characterization: flame geometry and temperature profile measured by
high temperature infrared thermometer for the new ceramic nozzle.
O = Fpdp p " 100% = = - Mg 27 o TG F UG 0 re RIS SN BET AR
V%‘: o

BRHF 3 M7 6 Interna stress measurement system design and construction from optical
components: follow ASTM Standard C1279-01 “Standard Test Method for Non-Destructive
Photoel astic Measurement of Edge and Surface Stress in Annealed, Heat-strengthened, and Fully
Tempered Flat Glass”, with reference of Pacific Northwest National Laboratory’s “Measurement of

Internal Stressin Glass Article,”
O =38 p L= 100% > § 2 & S & == RIEE o

BR-HF 3 % 7 Firepolishing experiment for tempered glass, polycarbonate plastic panel and
cases involved in above studies, investigate the application of fire polishing technique to recondition
or repair scratches of the canopy of jet fighter.
Ot =g p FHm 0% H# B~ 17 FlEr - A KA RLFIHEF AL P
Y- ER

BRE#73 n % 1. Mathematica modeling and finite element simulation of internal stress and residual
stress distribution during and after fire polishing, according to Appendix on detail method description.
O * 3 p 4 100% =& > 3t R A XL HE 4 R EH

BR:H 73 % 2. Definesafety zone for crack-free fire polishing, from fire polishing experiment, and

from the internal stress simulation.
O =3 P FHHFn 100%% & » ¥ £ 45 E ] = Pk o

BREF 1 % 3. Experimentaly conduct theinternal stress measurements for samples made by
various fire polishing and tempered condition using the method and test setup cited in the Task Item 6 of

previous year. (Month 1 — Month 12)
O =3 p 4 100%% =& > 3t R A XL HE 4 R EH

RHEF T M7 4. Investigate the factors affecting the internal stress from material view point, internal
stress simulation result and heat treatment, and process parameters, so that a complete control ispossiblein

the future. (Month 6- Month 12)
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O:F = Fpdp p & " 100%% & » P ER R A > &5 E4 ¥

BREF 1 % 5. Glassmateria property testing with three point bending strength and impact strength
using Chinese National Standard CNS No. 2217-R2044 on Tempered Glass, CNS 1184-R3043, Method of
Test for Laminated Glass, and ASTM C1048-97b on Standard Specification for Heat Treated Flat Glass —
Kind HS, Kind FT Coated and Uncoated Glass.

O+ p & By FLEF U o

BR:EF T M7 6. Investigate the effect of pre- and post- processing regarding to heat treatment, or
cooling means for controlled fire polishing. This becomes important if the glass strength is discounted after
fire polishing, or to prevent cracking tendency of heat treated glass panel.

OiE =~ 3g 8 p HHw 100% % = o

R E 3 M % 1. Fire polishing system optimization and intelligent control: Integrate al learned
from the studies in this research program, and implement the strategy and method to control the ideal fire

polishing process.
O F3pP p B 100% =% = o

62 AT A %2 HATA B i

© 2004 # 7 % BAp s R A F AT F T L EE o

63 Firp I F LAY FEJ AR FRAL L3 B EETFR -
2005 % 4% 12 p &+ ;8 B~ 17 3 ® % 1] US Patent No. 6,877,341, "Method for
Controlled Surface Scratch Removal and Glass Resurfacing

19



it =

TIEE R AT ER R A # K

KT gl o THIBHE P#:96& 6" 1007
VR CRBE YA G AR 9)5"‘,%43&21‘51’;“%
P AR 3 d i s 2am
34 MBI NSC94-2218-E-009-034 B FUARE ! 41 2733
o L, ’ ;‘1).’; “’383’}:';_'1 .'—\"“Kl/t /’_]ﬁ_—
i/ plie g [P AT R R

ZTEW A /ﬁl]f’{"{

e

FHEm

vl LI M EPERBUNT B AR G g & e - IR
Z A £ Fv g ki F v koG z‘;tﬁ;f;a‘;ﬁgq;:; ) ;;Ugﬁ;urﬂ,lcm
Frog 2 EP AR AL T T RF hF a1 S RBF
GG e Rk 0 A B A s R L B
SR ES IR AR SR IEL SRR AN A S RIRA
Wy BodTo R it LA F F el G R R A F T
LG ok @R AZIROEIFIRARRFEP X FRIGL T AR
RASEP I -

# < @ Thetechnology developed is an environmentally benign, novel
re-manufacturing process to recondition the glass and plastic surfaces
and to relief the bothersome “scratchitti” vandalism. This approach
incorporates a technique of localized softening and surface tension.
Intensive heat is positioned near to the scratch marks on the glass
panel. The heat melts athin layer of glassinto aformable state. The
glassis melted to alevel close to the depth of the scratch, and allowed
to cool down naturally. During the cooling process, the surface tension
of the melted glass will even out the scratching indent. After cooling,
the glass will be as even and smooth asit was originaly. In this
process, except the thin and small scratched surface area being
repaired, the glass remains solid and structurally sound during this
operation to prevent any distortion of the glass panel.
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