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Abstract

The main purpose of this project is development a new latchless leaf
type of note-book computer hinge.Experiments arranged by Taguchi
method, were constructed. Four major parameters, namely, shaft tensile
strength, viscosity of lubricant, shaft/bush interference and surface
hardness of the shaft, were selected, twisting torque under various
parameter combinations were recorded, for two types of new design. In
these experiments, theory of friction and twist effect effect of
lubrication were taken into consideration. The combination provided
the best result was selected for the analysis and development of a
better latchless hinge.

The results of the experiments show that using a leaf type
structure along with a spring for a latchless hinge can easily surpass
the 1ift test of 25,000 times,and well extendded to 42, 000
times. However the lower cost fillister’ s latchless hinge can only
sustained 8,000 times, which was unable to meet the lowest demands

of 18,000 times.
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Torque = Weight * Distance to Center of Gravity * Cos(6) (3-1)
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24 E=L0Hed & * £ o=} 3 @ Phiedy

B :LCDH-e €€ = 0.7 kg ; LCDBce®s A L = 227 mm

ewim¥ 8 RL =2/3LCD8 A

0.73 * (22.7 % 2/3) = 11.05 (kg-cm)
VR H2RE
S11.05 / 2 = 5.53(kg-cm)
F Bk A fplRRis iz 4 ¢ R R10%
..5.53 x 1.15 = 6. 36(kg-cm)
TR S L (B3R 5 +/- 10% kg-cm )
..6.36 + 0.636 = 7. 0(kg-cm)
VRS e AL R0 5(kg-cm)

AT BiE & R4 7.0+ 0.5 = 7.5 kg-cm.

3.2 frphle AR

PIETR B P33 Hhh s b0 AT Bl 3-2 477 0 R A AR 3-3 1
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3.3 B¥hL
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- BPREGEETE - RGAEETEIREGAITTOEF L a0 RSk T E

WHAFFROFAML G > FEREF TG FREFS LG o

3.3.1 Efranfhig

L Beies A2 DB 2 R G RN 2 BEG  hEE f F

Bpd Brd-3 fojm2 v HG B %Bc(coefficient of friction) @ B =

0 e
F=uW (3-2)
= B
Wi £ f i

e~ RA G 5o BE(dry friction) #1482 #=(solid
friction) ~ :# % A #=(boundary friction) ~ /%8 Z#=(fluid friction) ;

,T%iﬁf FAgE A 5 o @R AL E R B F (boundary lubrication) » w48 &
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tal {b)

Fs = ,US/V (3‘3)

Hoeol bW oo 2 5 8 B (coefficient of static friction) o

FEoe b E B RS ER e NS AR F A

Fi= N (3-4)
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HoPot bW B fiz G B ik (coefficient of kinetic friction) o & 7

H g 0 & 3-1 S g (B 25% o

GRS T b (R RIE B R AT 0 SRR G
SRR~ BAE - ;?’-;fg’ B RGNS F a4 E o — B Al s B

PN A 31 T AF S AP P R T o - AT oy B 1
Foe)h o AR AR HE e <3 1o P AT B EIed 5 o F

K op ERE o ? WEER BTG Mo d G ek R R

RenA o @@ g T Ol o feid oy B QAL T RS

B2 R 2, e FA LA B TR RBREFS P L 4

Z 3-1 LA egc B u B

& B Ol K 0.03 ~ 0.05
AHA B A 0.30 ~ 0.70
R S B Akt 0.20 ~ 0.50
B & B 4 [ 0.30 ~ 0.60
aR Bl 48 1,10 ~ 1.70
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3.4 FRHEF R

R A R S B e 2 B R R o R A
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3.4.1 BR B EER W
RREFE RS ER B ORAR AR B i RV RS
SRS ARR 2 K Sl V/P el bk H | 2 T AR A
EHe P R o METRMERFE L EREEFOON VP 2 A
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(Quality Engineering of Robust Design) » & - famihep @Az ¥

L ARRE RS N PR A1 R AR RSF L AE 2L A FRT AR

FLEI -FHEEERES L FAERRNS BLAEASXTF LR T
2 - BBk (Genichi Taguchi) ## X #r3 5[31]» &
A A 2R B R Firstapr s ELES 2 14 B8Nz
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et
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4.1 FFHL S0k

B - MREASSTHELE AR UPFAN TR 25 o
CEAREASS ARG R R AP REL o FHD AR 44

AR o Fpte r L I EF LeohR AL Sk

19504 o v Lk di v s B A AR E R I G S
oo BARMHAN AR E LR KD AT 0 Tl (S/N
Ratio) 1T & & F#=m gk » /N g RIZ 74 77 H 2 ETHIL
Ao F1% B2 S/N el > S leR e i KT - Sk e

£

KL o
AR SN et B 84 2 PR B A B

A it e
4. 1.1 F P &1

FpEEldpys ity - PRE BR TR AT fRE4R
o B AR Bg P RE ) GRS SRR R R

A mfF oy (4-1) 0 4& 0
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S/N =—10|og(%i yf)=—10|og(%) (4-1)
29 1 Y 3AESFELE
S B 1% X (Standard Deviation) -
Y EiEGeng sk iefon 5 e d ok sk
4.1.2 Z ] &1+
ol B B AR AR B PR S R e g

fOAE o blhelsd B3 AR U BRETRERLY L HmEs

Bl =0 g | g T2 Sy 1 (4-2) S A7

S/N :—1OIog(%Zn: yizjz—lolog(yz) (4-2)

4.1.3 F ~ #Fit

G S TR AR D SR e i

TE K

BB bldrd b P EAE P RE LA E

KEFHFEELY s A @ piiEn=oo » NPF 1R 5 425 5#
(1/y) > i P EEREGE o B x (4-2) 3% #700 g A R s F

4 S#cw 0t (4-3) N4&ow o
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S/N =-10log %Z% (4-3)
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%7 Latch #F ~ = Al 2 &2 24 "L Flatchoh ol 2873 5
BE ) 2R RE PRS2 AT o AR TS T g H T b
1~ A% 2 BN - #E ~LCDE £ - Spring back ~ Auto Lock$ # 7
£ 7 LODER” © SR A 285 [bkg-emengdic: T HLT <

WAE A 2 Z0.0lmm? 7 24 L 7 Spring back” #- f&
b IR R ARTP B O P ITE GRTR I EY 2 ¢ 8 - BT

P N kR T R e 2 R R0 FlAT BTS2 4
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4.2.1 %

EWEL AT A SR ET Y 0T £4-14-24-3 44
R AT s X 2EN 3 G2 AMET T 0 WA R G R o
BATEEY R EEHDLAR T B AP AR L
R RAeRA A BE R R R R T L T o &
P 2 i iRes B o ¥ A G R R IV Bl 5 G & K AR R, T
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Z4-1 fRdnie * k0 L [3]

173 SUM43(HRcH0) SUS416(HRcH5) SUM24 (HRc45)
T STy 7 4k IRy
-— L ~ ~ 2N
FayEL B R iz 5% R
ITET 4 £ d 33
T g 4 ¢ n 55
l77 g‘l] 1"::}:. E‘/ﬁ ‘:J %
H E 3 i
KR 8 RN +
Ze4-2 PN A 3 Bh AR H R 4
(TR
E5 == C Mn P s Pb JIS #12
1110R 0.08~0.13 0.30-~0.60 0.040LLF 0.08~0.13 =
1110F 0.09~—0.14 0.350.80 0040k F 0.05~0.10 = SUM11
1116AKFS103) 0.13~0.20 1.00~1.40 0.070LLF 0.16~0.23 =
WAl A 1117 014~0.20 1.00~—1.20 0.040ELF 0.08~-0.13 = SUM3T
1137 0.32~0.39 135166 0040k F 0.08~—0.13 = SUM41
1141 037045 1.35~1.85 0040k F 0.08~—0.13 = SUM42
1144 040048 135165 0.040LLTF 0.24~-0.33 = SUM43
1213 REN 0.70~1.00 007012 | 0.24~033 = suM22
. 12134 013LF 0.90~—1.35 007—012 | 031~037 = SUM25
mataA 1215 009k 0.75~—1.05 004009 | 028035 = SuM23
1216 AKFS201 Al 009k F 0.50~1.35 0.04~009 | 0.28~0.35 -
111K T1HH DS 0.15~0.35
mEs 12154F 009k F 0.90~1.35 0.04~009 | 028~035 | 0.08~015
TalRA 12114 016LITF 0.85—1.15 004009 | 026035 | 015035 SUM24L
120144 016LTF 0.85—1.15 004009 | 028035 | 020035 SUM24L
HiaH KFx10 01T 1.10~1.25 007~009 | 031~038 | 0.35~0.40




24-3 7 bhdn L H PR A

UNS B % e sl 1= FB HAF)
ISO
No. AISI|| JIS BS WERKSTOFF DIN NF UNI
541600 7 | 416 |SUS416| 416S21 1.4005 X12CrS13|| Z11CF13 | X12CrS13
e % Grade (=285 ;5 Chemical composition
AISI | UNSNo. C Si Mn Ni Cr Mo 1 Other
416 | s41600 | =0.15 | =1.00 | =1.25 | =0.60 | 12.00~14.00 | =0.60 S=0.15
FulE(C) Byt B
- N/mn * | N/mn * [Elongation Jlem ?
rl
B . . Yield [Tensile ReductionCharpyHardness(bar)
W Wk FUF %)
strength trength of area ||mpact
Bar | Tube
Il HB | HRC
800~900 (%17}
950~1000 [700~750
i 750 2] i
iEl‘(ﬁ zuﬁ
>
416800 900 slow 950~1000 [700~750 | =345 | =540 — =55 =98 |=159| -—
cooling 25
oil rapid
or approx,750
guenching |cooling
rapid cooling




44 EhhphiT iz E M A (4] i+ mm

ek SUM43 SUS416 SUM24 #ir
= 4 bkg-cm 2.6 2.4 2.8 Min
£ 4 5~10 kg-cm 2.9 2.8 3.2 Min
F= 4 5~1bkg-cm 3.1 3 3.4 Min
4 1bkg-cm# * 3.2 3.1 3.6 Min

FELCDHC e 5 @ B AEES < [T E G ) o dophifens o]~ dhfie
B ~BREGHEAEGF - BFHELEZ SR IATHRLIHFER

Sl BB B BHEFAYS R WA-245 2 PIEE3.6 m e

13 =23.7
1z
9 17
o 105 _ 64
B 5
ra,:ﬁ%v g_ O
M d %\_\,@{ \:_' .
| MaRE = | o3 ) L ROS &
MAJ(Q < {_CD‘?"G) B ek =2 S
5o M/ = 505
I — o
2.7520.03 b0 |67 11
222 15
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4.2.2 B S8

B - BenR F H g P RS0 RIS > VA A
v Hdd-FALRES S BRALENILS hPr i D s e e
P BEMAF S 2 oA B 4 3 REF R AT AR
B A BERF 2 2 EHERAN B F B
Molykote 5-6020"'% Krytox GPL 226"%ti 4 @ 542k » ¥ T & 2

SHh A KT BBF MR U -

4.2.3 #hi o 45K Sl

R R BE T f A e B & E Y R IIIRN AR fhi
oo A R BRI % 0 ¥ A o F e g RURIE L R A 8
AR A AMPEE S AY 2 R0 BT AET RGO EEY 7
ERESTREL R s M A AT MR TR 2

Yorgdrt
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4.2.4 Auto Lock %#k

Auto Locke k3 Ak e X ed| R ¥ Ad ) 2 F AT N
BB BB ST AR 12 I chd e A R % 0 R T <
F R p el 4 o) > 9 12kg-em T R PR AP EY LR
bode 4 de 1 15-25%[3] 0 A AR SRR 14 Ief e o BHE KK

Auto Lockig#h > 5 L& $hR 2 dofm kK T 4 s ) | ATk

LD msrié # chfdbdz 4 Tl A S B H 4 50 | 015 19 5] chilicdhde
T £ 4-5er

#4-5 12. 1+ & 14. 14 E & 247 4

o 12. 1+ 14. 1+
LOD# e & & 435 g 730 g
L dE § 926 g 2013 g

34457 4k B B P A A LD R T £ 0 LR % R

12,104 3 3% > 4 pdndz 4 200 F R R SRSl
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Sie T Sl B - F AR 4657 0 ke R ¢ 3 %LeE 2

F2_ %o

24-6 B U] e % %
i) - =
#% lo.25mm + 0.20mm ~0.15mm i
TR SRR
% R
s . Y N
HET 140 ~ 50 ~ 60 kgimm? ’ e

etz S =

PR
VR =004 v 4=011 &

P P PP PPLES

. 71 7 MG e A O O | =

S

e

BED & ~ HVB50 ~ HV1025

B EEEEEEEEEERE

Llalglnlg

Auto ':’ Y e
Lock +15%, +20% ,+25% f \%“ = Tometon,

a

EEFFFFEEIFSIFEFIETIS
b 3
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d F£4-6¢ > ¥ ED T R
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BEGA A RR G AR E S REEARY HRES R
ZEk R S N I P A (LI BT IR o 4 BT M T o

4. dhi o A R
BfERAEhE G Av L e RER P AR bR g 4R R E T R4

BRI SAN3y » FREZ B AETRTER BETREMAR

)

HvHh0 ~ 45 7 344 18 £ #UaI2A B Hv1025 o #aJe {4 el g 4032
B TR AR Bl d A g meER 2
B4 TR L K o
5. Auto Lock :
"2 AT gk P Type2(M5-5) 5 bl R %P 7 N4 ST e
PEEST o BRI A R > d 10% A RN g
SR g phen i B b LR 9 30% R R -

6. 7 bt e FR G - RlESRE Y AT OU REY SR T
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4.3 e v FHES

A srn v La(3DE A Z A B 5 R b w4 2RI o 1
ek lchk @RS AZ PR TS DR ERE
oo F A AT
. & Fpey 4

A e BHE LR B2 R E S WY £4-T

34-T %42 FIf R 4

. . ko &

Il Fl+ 0 5 3
& i 5 B 40 kg/mm 50 kg/mm 60 kg/mm
&t 0.2 mm 0.25 mm 0.15 mm
AR R w=0.04 u=0.11 non
fhiwm H R Hv1025 Hv550 non

2. B A&

B YA G &N hR AN iBe ey e lchh 0 RiE - BEE RS
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B o pF Mg T3 kBl s A RFIFV G LT E
(Interactions) 733 &> &7 R FEDFF F % > iz 7 %35 (Design
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FE | B F ¥ Bl I i ik T HE | kAR EEE

i Ak A f{"‘i B1: C1: D1 :

: - Hv1025

L | = 0.04 0.20 mm
:gk_g" mme g2 c2: D2 :
' = 0.11 0.25 mm Hv550
illii;’l'{:t_:j.r'mm2 B3 - 3 - D3:
' 0.15 mm #
b 60kg/mm?2 =

1 Al B1 C1 DA
2 Al B2 C2 D2
3 Al B3 C3 D3
4 A2 B1 C2 D3
5 A2 B2 C3 D1
6 A2 B3 C1 D2
7 A3 B1 C3 D2
8 A3 B2 C1 D3
9 A3 B3 C2 D1
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Mz Rk 4 £ Fawm Aipd] % P Re R FlIERE I 3
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2. pd RE

- 4@ 2 o £ %% ap d B (Degree of Freedom) & F]+ -k %
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3. T 4c (SS)

BT os FEG R N A > % (Total sum of Square °

SS) > ¥ ¢he w4 L %% R (Total Variation) e

SS, =Z(77i —ﬁ)=277—%[277) (4-4)

20 f ARG B
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. (4-6)
¥ oob o A e L Ve=SSe/f. o
5. T3 4o (SS factor)
AFLBER > TEF I RB R FLAA R RS L
F+ pod Bk AE o

SS factor = SS factor ffactor ><Ve <4_7>

S RREFEIT I A DATIS S o
SS, =SS, — f, xV. (4-8)

6. &% (Error)

T FReAR
i T;T)g%}i(Contribution)ﬁéi’é‘-ﬁéf'—fé o L A F|F ek g

B 1k 4 B e AL

SS factor
P facor = ? x100% (4_9)
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Pr=gg “100% (4-10)
8) R R B AN A T
24-0 REHEA L

s J S o (%)

A Bl g x 1

Bl ik E 1
CH#THE 1
D#b & w2 B 1
(e) 0
T 8

e
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AR Y L H AR BT BB R LSRRI

(1).LCDHce & B # acer TM250 14w k718l i & & T30g ehdpis &%
LCDH %

(). et E R FAL % TS SR o

(3). R38R 25C -

(). FHplEPpE T=x/L 8
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%5-3 F HPIFAR L

R B — K R ¥ &R A
141" LCDH & & 680 ~730 g 730 g
#ehAnis i 15 kg-cm
Auto Lock 4z 71 18 kg-cm
AEEE 25%C 25%C
AR H 6~8kigs 45y ]
HEMNSHAE 0~ 1359 5~ 1359
LCDE & 53~7mm 5.8 mm
Rf 59 50
L FLIR $ 3.6mm
Hinge # ik 2 10 % 10 %
HENEHE 18,000 ~ 25,000 =k 25,000
BRGTHEAE 0~75° 300 & 1359
ARk SRR 15 % 15 %
254 Hahd prrig ¥ Bl 4
5o & 5o # 5z # yre | 518 ¥ E ¥ E EIR: 54 #
1=x/= 365 730 1095 1460 1825 2190 2555 2920 3285
LEWAS 1825 3650 5475 7300 9125 10950 12775 14600 16425
10 /= 3650 7300 10950 14600 18250
#5-5 HINGE 3z 4 3 M-z F]3
> (™| acer | IBM | DELL | Pl HP (o
Hinge
iy +/- 10%|+/- 10% |+/- 10% |+/- 10% | +/- 10%| +/- 10%
IR | 20,0007%| 18,000-5(18,000-% (18,000-% | 18,0005 I?fjt[l%%g
N[ te
TR e e e
18 -5 30 75~120 0 45~135| 30 [
J é‘._'_{z .1 =t , T sy —
{E“”’ \'%f{ +/- 15% |+/- 15% |+/- 15% |+/- 15% |+/- 10% | &%+
[RENSE2E S
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A A 9 +- 0.03 5 | -2 SUS416
® a, 18 +/- 0.01 6 A% SK-7
3.8 ~3.81 e e e
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BURR 36 RN E 10 | F2 CHQ1006
¥ 18 | —mak
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#A 36 i
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Hinge Life Test Curve
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& o || B AR R BiE

% | E|F K

4
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3 L|3]3]3| 3000 3,000 L, 000 2,000
4 21|23 10,000 8,000 11,000 | 11,000
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5.6 v r FEREF B 4T
RS S RN SR N U TR S LIPS B L i
2.5-8:S/N1t o WH 5~ TA B &R IFRI o

.5-8 Bk SNV g 4

B | H| B DIEC W d
BT | |8 8| & A "
% \mokx ||| T|@| ERkASEWKS | AhRhIewns
% \g |8 B 5| R LES S SN (7 )db
- w|EIE|E
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ok Bk Bl B TR I B @ LB TR AL

%5-9 Aes 4

Al %E | BEBEMHR | (BwTHE | DREOSA
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MOLYKOTE" Specialty Lubricants

Technical Information

* automatic automobile antennas

* switches

« skibindings

+ bearings and bushings in entertain-
ment electronics equipment

* automobile seat adjustment

= garden tools

= gears in household appliances

* furniture hinges -

* electric tools

PLASTICS COMPATIBILITY
MOLYKOTE® 5-6020 greaseis
compatible with most plastics.
Because of the vast numbers of
malerials available we do, however,
recommend a compatibility test prior
to general adoption.

HOW TO USE

As for normal greases.

SAFETY INSTRUCTIONS

None.

TRANSPORTATION INSTRUCTIONS
None. .

PACKAGING

1 kg cans, 5 kg and 25 kg containers.

DESCRIPTION
M%:YKUTE* 5-6020 grease is a high MOLYKOTE® 5-6020
erformance grease based on amineral i g g .
b s e b Special grease for the lubrication of plastics
lubricants, especially developed for the Colour White
1 of plastic Itis Oil base. Mineral oll
- particularly effective at low speeds and T Lithium soap
duetoits high pressure capability is also 4
well suitable for metal/metal pagngu. Consistency (DIN 51 818), NLGI 1
Itcan be used for glass-fibre reinft 1 worked (DIN 51 804/1). 300-330
plastics and threaded connections. Te ire range, °C. ~30°C to +1300C .
Drop point, approx. *C. +1950C
e Shelf life. 1@months .|,
= compatible with most plastics i
= high pressure capability
*low co-efficient of friction TEST MACHINE DATA
§ por-acding Four ball test, o.k. load (DIN 51 350/4), N..»
APPLICATIONS Wear scar, 1 hr, 400 N, mm (DIN 51 350/3).

Water washout (ASTM D 1 264) at +80°C, % .
Oil evaporation (Fed. Std. 791, Meth. 32/2) at 24 h, +100°C, %.
Qil bleed (Fed. Std. 791, Meth. 32/2) at 24 h, +100°C, %........
Co-efficient of friction (steel ball/plastic surfaces

6.3 N, 10 mmis), p. 0.04
Wear (radial plain bearing/POM steel-shaft,
22.5 Nfcm?, 0314 mis, 120 days), xm 30
NOTE:
They shauid
Sorming G
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© PRODUCT INFORMATION

APUND

Krytox® )

parlormanca hubrlcants

Krytox® GPL 226 High-Temperature Anticorrosion Grease

This greasa provides protection from rusling, high lemperature corosion, and anfl-wear. It has exceilent
lubrication over a broad temperature range. Krytox® GPL 226 is nonflammable, oxygen compatible and
chemically inert. Krylox® allows extended lubrication intervals and longer equipment Iifa.

STANDARD NLGI GRADE #2
ESTIMATED USEFUL TEMPERATURE RANGE -33° TO 500° F (-36° TO 260°C)
BASE O VISCOSITY ¢St @ 20°C (68°F) 810
¢St @ 40° G (104°F) 240
cSt @ 100° G (212°F) 25
ol SEPARATION, % IN 30 HOURS, @ 99° C 3%
APPEARANCE White, Creamy Consistency
ANT-CORROSION ADDITIVES 2% Sodium Nitrite
ANTI RUST RATING ASTM D-1743 Pass
SPECIFIC GRAVITY 1.85
FOUR BALL WEAR SCAR 0.4 mm
ASTM [-2266 @ 1 hour, 1200 RPM, 225* F, (107* C), 20 kg load
COEFFICIENT OF FRICTION, ASTM D-2266 o1

Typical applications inciude corrugatet and paper machine bearings, aluminum can manutacturing
bearings, vacuum spullering machines, wekding machines, linaar bearings, high temperature fans, clean
rcoms, chiorine service, textile equipment, lenter frames, high speed motors, instrument bearings,
saaled for life motors, conveyor syslem in glass and aluminum plants, textile calendar roll bearings, brick
kiln car baarings, GV joints, wheel bearings, universal joints, ctuteh throwout bearings. paint plant
conveyor bearings, ventilation fan bearings, valve lubrication, starter bearings.

For more information or technical assistance, call the Krytox® hot line al 300-424.7502, or visit us
on the Worldwide Web @ http://www.lubricants.dupent.com

“The informarion set forth herein i farnished free of charge and is based on (echnical dats that DuPost befleves 1o be refiable. Uiy
intemuad foc use by persons having rechnical skill and at their awn discration and risk. Because conditions of use arc outside our
control, we make rey warmasiies, expresy or implied, aod nsume no liability tn coansclion with azy wee of this information. Nothisg:
Tiuhth i G b 12k i 0 iU Ly operate undeT or 3 daviva Lo loffings apy palents.

H.58528 « July 1993
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