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ABSTRACT

This research was a study in order to reduce defects in screw forging process by the principle
of experimental design with the analysis of factors that affect product defects under category of broken
screw heads resulted from hardness value of low carbon steel of SWRCH 22A which was unsuitable for
screw forging. The experimental design was therefore produced in order to find out suitable factors. The
execution started by the studying of factors that affect product defects. The researcher began with the
studying on relevant researches and studied production data and actual production condition in order to
collect all related factors, and then conducted the analysis in order to search for causes by using fishbone
diagram in brainstorming and searching for causes of the problem. The Failure Mode and Effects
Analysis (FMEA) were later conducted in order to use significant factors to design the experiment so that
the test on significances of these factors can be performed by using the method of experimental design in
type of factorial design. From the result of experimental design, it was found that factor affecting product
defects was hardness of raw material in which it was significant for the formation of defects. After that,
data verification was conducted in order to find suitable hardness value for use in producing screws.
It was found that at hardness value of 140 HV when producing screws, the problem of broken heads was
reduced, resulting in the defect reduction as well; and there was no significance with cycle time at 0.5
second and 0.75 second. It is meant that such cycle time did not affect product defects. The researcher
therefore determined new production control condition of low hardness value carbon steel of SWRCH
22A that was used in producing screws, at the value of 140 HV as the standard value when procuring and
controlling quality with the manufacturer or seller. When following up on the actual production after
replacing with new production condition, it was found that defects resulted from broken screw heads
from January 2006 to December 2007, were reduced from 1.61 % to only 0.39%; damage value of raw

material was also reduced from 87,200 Baht per year to only 16,400 Baht per year.
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Item Quantity (Pcs.) OK (Pcs.) NG (Pcs.) NG Average (Pcs.)

1 4200 4177 23

2 4200 4182 18

3 4200 4191 9

4 4200 4187 13

20

5 4200 4175 25

6 4200 4179 21

7 4200 4170 30

8 4200 4177 23
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1 4200 3833 367

2 4200 3857 343

3 4200 3765 435

4 4200 3825 375

369

5 4200 3833 367

6 4200 3817 383

7 4200 3906 294

8 4200 3812 388
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4 4200 4181 19

18
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1 4200 3766 434
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4 4200 3710 490
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7 4200 3805 395

8 4200 3842 358
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A . A Ao oA A ] Ay v
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naaosludiuvosmelssnu memvuamasgiulumsiviuaguauiavesingaunas
1 a o1 A 9 a A a A A a dgl
MR A199) e ldlumanIuaunIzUIUMINAR thoaalTinaveudennadL
d' = Y d' o Y a ay = a‘ [ (]
o993 2 favenm 1N FUNUFLAZMS HIVUIAVITIVDIAI0E19 (Sample

9
Size) MM 8 Replicates 1n0iiA1 Power 141101 1 99311mM13NAABINIHLA 48 MInaaed Inedioya
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MINN 4.9 HAMINAAINNMIoONLUUMINAADI U 1U5UATY Minitab (MAKNUIN B)

Std Order | Run Order | PtType | Blocks | Cycletime | Hardness | NG
32 1 1 1 0.50 160 183
3 2 1 1 0.50 175 367
12 3 1 1 0.75 175 434
18 4 1 1 0.75 175 307
4 5 1 1 0.75 140 12
25 6 1 1 0.50 140 23
34 7 1 1 0.75 140 20
42 8 1 1 0.75 175 356
15 9 1 1 0.50 175 343
11 10 1 1 0.75 160 177
37 11 1 1 0.50 140 18
20 12 1 1 0.50 160 138
38 13 1 1 0.50 160 149
36 14 1 1 0.75 175 490




A1319N 4.9 (90)

Std Order | Run Order | PtType | Blocks | Cycletime | Hardness | NG
24 15 1 1 0.75 175 351
45 16 1 1 0.50 175 435
26 17 1 1 0.50 160 184
17 18 1 1 0.75 160 205
28 19 1 1 0.75 140 17
23 20 1 1 0.75 160 156
33 21 1 1 0.50 175 375
46 22 1 1 0.75 140 19
2 23 1 1 0.50 160 213
27 24 1 1 0.50 175 367
6 25 1 1 0.75 175 375
9 26 1 1 0.50 175 383
40 27 1 1 0.75 140 21
35 28 1 1 0.75 160 211

1 29 1 1 0.50 140 9
8 30 1 1 0.50 160 235
7 31 1 1 0.50 140 13
44 32 1 1 0.50 160 159
39 33 1 1 0.50 175 294
13 34 1 1 0.50 140 25
29 35 1 1 0.75 160 260
10 36 1 1 0.75 140 15
21 37 1 1 0.50 175 388
48 38 1 1 0.75 175 395
47 39 1 1 0.75 160 230
22 40 1 1 0.75 140 23
5 41 1 1 0.75 160 249
30 42 1 1 0.75 175 358
41 43 1 1 0.75 160 202
43 44 1 1 0.50 140 21

55



56

A1319N 4.9 (90)

Std Order | Run Order | Pt Type Blocks Cycle time | Hardness NG
31 45 1 1 0.50 140 30
19 46 1 1 0.50 140 23
14 47 1 1 0.50 160 123
16 48 1 1 0.75 140 20
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Residual Plots for NG
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Multilevel Factorial Design

Factors: 2 Replicates: 8
Base runs: 6 Total runs: 48
Base bl ocks: 1 Tot al bl ocks: 1

Nunber of levels: 2, 3

General Linear Model: NG versus Cycle time, Hardness

Fact or Type Level s Val ues
Cycle tine fixed 2 0.50, 0.75
Har dness fixed 3 140, 160, 175

Anal ysi s of Variance for NG using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj M F P

Cycle tine 1 3417 3417 3417 2.72 0.106

Har dness 2 1018855 1018855 509428 405.68 0.000 *—
Cycl e tinme*Hardness 2 3261 3261 1631 1.30 0.284

Error 42 52740 52740 1256

Tot al 47 1078274

S =35.4362 R-Sq = 95.11% R Sq(adj) = 94.53%
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V. Operating Characteristic Curves for the Fixed Effects Model
Analysis of Variance*
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NN 4.3 Operating Characteristic Curves for the Fixed Effects Model Analysis of Variance
n: 6" Design and Analysis of Experiments. United Stateds of America, 2005
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A aay as a 4
A5 1N 4.13 MINATOUNNADAAITMIAATIZHANULLsUTIU (ANOVA)

One-way ANOVA: NG versus Hardness

Sour ce DF SS MS F P
Har dness 2 1018855 509428 385.81 0.000
Error 45 59419 1320

Tot al 47 1078274

S = 36.34 R-Sq = 94.49% R-Sq(adj) = 94.24%

Pool ed St Dev

140 16 19. 31 5.29 (-*-
160 16 192.13 40.43 (-*-)
175 16 376.13 47.95

Pool ed StDev = 36. 34
Tukey 95% Si nul t aneous Confidence Intervals
Al'l Pairw se Conparisons anong Levels of Hardness

I ndi vi dual confidence |evel = 98.06%

Har dness = 140 subtracted from

Har dness = 160 subtracted from

Level N Mean StDev +--------- + AR - - - - +-----

Har dness Lower Center Upper ---+--------- +-- - -
160 141.65 172.81 203.97
175 325.65 356.81 387.97
[ +- -
-160 0

Har dness Lower Center Upper ---+--------- o -
175 152.84 184.00 215.16
N, [ S
- 160 0

I ndi vi dual 95% Cl s For Mean Based on

e
(-7)
e
300
..... e
(-*-)
(-*-
_____ e
160 320
_____ e
(=)
..... e
160 320

(1) Msuanaanaisng

k4 Y
nszvaumIaaauladmsumInadouauLATITUEIUUN U IV
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Individual Value Plot of NG vs Hardness
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KL HISTORY

1. COMPANY NAME : KUAO LENG (THAILAND) CO.,LTD.
2. ESTAELISHED : JUL, 1999
3. CAPITALIZED AT : 100,000,000 BAHT

4. OFFICE & FACTORY LOCATED : AMATA NAKORN CHONBURI (THAILAND)

5. PRESIDENT : MR.HUANG SHIH SHU
6. MANAGING DIRECTOR ¢ MR.HUANG SHIH CHAO
7. EMPLOYEE : 140 PERSON

8. QUALITY SYSTEM : 1508001 : 2008 BY BVC

: RoHS ACTIVITY /5§ S/QCC /P DC A/ KAIZEN

AL AEEE AP R

No Receive Defected, No Produce Defected, No Delivery Defected

Khéng nhén hang 16i, Khong sin xuit hang 16i, khong giao hang 15i

BRIEF INTRODUCTION

Kuao leng screw Co., Ltd. was established in Taiwan
in 1965. As a multinational company, There are it's plant in
Taiwan, China (Dong Guan of Guang Dong and Su Zhou),
Thailand , Malaysia , Vietham. It has invested huge capital
in purchasing hundreds of advanced precision machine :
Heading Forming machine, Thread Rolling machine , Heat
treatment machine , Zinc Electro plating , CNC and the
advanced precision inspection instruments. There are
more than 500 technicians and operator. \We are over 40
years have provided tens of thousands of screw and
fasteners products for our regular and new customer, and
always taken the management policy is

“Global Customer Satisfaction”

 ————
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COMPANY INTRODUCTION

Nowadays, Kuao leng screw Co., Ltd. Is ready 22 st
century, We take the policy “Best to Best” as the idea of
developing the market and services the customer, is in
order to develop and innovation in effort in the field of
manufacturing high precision screw and fasteners. We will
provide the excellent new Hi-tech products and new
technology and sincerely cooperation with our regular and
new customer to open up a brilliant future.

The whole staff is the most important source of our
company, The valuable staff with excellent idea and
advance technology is the motive force for continuous
development of our company, That is why we keep giving

the whole staff continuous education and training program.

COMPANY INTRODUCTION
Headguarter

@~ Kuao Leng Screw Enterprise
(Taipei, Taiwan)

Factories
C o= Kuao Leng (Thailand) Co., Ltd.
(Chonburi, Thailand)

@ - Kuao Leng Enterprise Co., Ltd.
(Hong Kong)

@ ~-Kuao Leng Screw Co. Ltd.
(DongGuan, CThina)

@ -Kuao Leng Co., Ltd.
(SuzZhou, China)

@ - Kuao Leng Co., Ltd.
(Penang, Malaysia)

@ - Kuao Leng Co.,Ltd
(Vietnam)
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QUALITY POLICY* Mm MMT*

“Creating Product Quality, Delivery on time

Customﬁf Satisfaction and continuous Improvement”

.......... “ﬁﬂ&% Ennﬁ B, BRMEE”

ORGANIZATION MANAGEMENT
KUAO LENG ORGANIZATION CHART
E_G;"[__.m_
Py v e havoer |
| 4 ]
_ | : | -\ |
| MarketingDept | | PersanaiDept | Stare Dept. Dept. | Dept. | | ummrqn-p:._‘,_qnm
SALESUSTOMER SERVICE T | msoromme | i mlliou. ] f INCOMNG 10
[r—— | | reemicoon || mmecsouss | | weemocess wac
T || e || mscmorams | | emrec
| SE4l FRSH GOOD - HEAT TREATMENT L S0
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COMPANY STRENGHT

KL does have sufficient experience in core competency.
# Long Term Experience

Screw / Fastener ®* Many Skillful Manpower
* Experience with Various Type of screw

* Knowledge and Experience of
screw ,Heat treatment ,Zinc plating

* Customer Standard
= Quick response to Customers
# |nternational Standard , JIS , DIN

Customer
» Short Production Lead-time
# Close Co-working with customer

+ Fast Execution * High Customer Satisfaction
= Automatic Line machine

® Electronic and industrial customer

& PRODUCTS
a8 8 e <.

Stainless Passivation

Zinc Blue Cr**

. o~
€& S =

— = = ——

Zinc-Black Cr** Hardenina (HV / HRC) ‘
> E
.-g,:;\‘_ F ) !ﬂi - T e
&/, % = = o
Lol g @ 4 P e
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PRODUCTS

Screw Harding Forming Line #2 (M 4 ~ M 10)

Screw Thread Rolling

Line #2




FACTORY TOUR
Heat treatment / Zinc Electro plating Factory This is Automatic Hardening line. We are prepare

- . customer part in to the production line
5 fallow with customer order as well.

Hardening is a heat treatment technigue to increase the
hardness of material, abrasion

resistance and sufficient toughness

These are zinc electro plating lines, KKL is capable of
performing plating on products of

various sizes from extremely emall parts of 1.4 mm to auto
parts. From environmental point of

view, acid zinc and non - hexavalent chromium solutions
are used for plating,

Heat treatment Machine

Electro Zinc Plating Line

{> FACTORY TOUR

1. No. 0 High speed Heading machine
2. No. 1 Heading machine
3. No. 1/2 Heading machine
4. No. 1/4 Heading machine
5. No. 1/8 Heading machine
6. No. 3/8 Heading machine
7. No. 3/16 Thread rolling machine
8. No. 5/16 Thread rolling machine
9. No. 0 Thread rolling machine
10. No. 1/4 Thread rolling machine
11. No. 3/8 Thread rolling machine
12. No. 3/16 Thread rolling machine
13. No. 15# High precision bench lathe

14. HH 2415n 2-Die 4 -Blow Headers machine
15. HH 2425n 2-Die 4 -Blow Headers machine
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QUALITY CONTROL
Test Instrument

1. Grinding Polishing 5. Vernier calipers

2. Mounting presses 6. Precision Micrometers
3. Cutting machine 7. Torque wrenches

4. Salt spray test 8. Micro-vickers hardness

s

CUSTOMER REFERENCE

Customer Refenence

@Lc SN A eeiva
Empowered by Innovation NEC
d

QRION
3 dUF B E

TOSHIBA Panasonic

Leading Innovation >33

sHarr

REFERENCE KUAO LENG (THAILAND) CO.,LTD.
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SCREWSPECIALIST| KUAO LENG (THAILAND) CO. LTD.

89 MOO 1 T.BANKAO A PANTHONG
CHONBURI 20160
TEL : (038)744125-7 FAX :(038) 744128

Purchase Order ZRiEE
Vendor address: NEW BEST WIRE INDUSTRY CO.,LTD. Date of order : 2010 - JAN -5
NO. 12 -19 LAl GUAN LIAU, CHIA - LIE JENG PO No.: KL100105
TAINAN , TAIWAN, R.O.C. Delivery fi§5£: 2010 - APR - 05
Payment Term : 60 DAY
i Unit Pri
No. Description F238 Quantity Bk n;i*gr-lce Amount 825
1 JWIRE ROD SWRCH 22A (3.15) 50,000 kg 40.00 2,000,000.00
TOTAL 2,000,000.00
VALUE ADDED TAX 140,000.00
GRAND TOTAL 2,140,000.00
H1[E Drawing
HARDNESS SPEC. = 140 HV
1% Approved 23 Manager {388 Purchase [B]78 Respondent
RAGER H. Poramet P, SUPRANEE
1850 PO, u&ansen Fax Confirm pdudre diosnasdifinganuis p.o. sndaegansa Sastives litudud

FPC-005/00-1Y
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i JIS G 3539

(1988)

Carbon Steel Wires for Cold Heading
and Cold Forging

1. Seope

This Japanese Industrial Standard specifies the carbon steel wires,
hereinafter referred to as the "wires", to be used for the manufacture of
various types of screws such as bolts, nuts, rivets, machine screws and
tapping screws and various parts by cold heading and cold forging.

Remark: The units and numerical values given in { } in this Standard

are based on the International System of Units (SI) and are
appended for informative reference.

Further, the traditional units accompanied by numerical
values in this Standard shall be eonverted to the SI units
and numerical values on Jan, 1, 1991,

2. Types and Symbols

The wires shall be classified into 6 types for rimmed steel, 10 types for
aluminium killed steel and 21 types for killed steel, and their symbols shall
be as given in Tables 1-1 and 1-2 or Tables 2-1 and 2-2.

3. Mechanical Properties

The mechanical properties of the wires shall be tested in accordance with
10.1 and the results shall conform to Table 1-1 or Table 1-2 for the product
by process D and to Table 2-1 or Table 2-2 for the product by process DA.
The mechanical properties, however, when the product is worked by processes
other than D and DA, shall be predetermined by agreement between the
purchaser and the manufacturer,

—1887—
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Table 2-1. Mechanical Properties of Wires Manufactured by Process DA
(Applicable till the end of 1990)

Note (1) The gauge length for the ten#ile test piece shall be set at 5D, with D as the wire

Remark:

Tensile

(N/mar] s %o ¢ I
swcmog 55 min. 15 min, B0 max.
SWCH 6A
SWCH BA
SWCH 10A
SWCH 12R
SWCH 15R
SWCH 12A B
SWCH 154

85 max,
SWCH 17K il 55 min, 13 min. :
SWCH 18K
SWCH 20K
SWCH 22A
SWCH 22K Vi il 55 min. 88 max.
SWCH 25K
SWCH 24K 8, min. Ermin L —
SWCH 27K min,
SWCH 30K '
SWCH 33K o) iy 55 min. 2 min. 02 max.
SWCH 35K
SWCH 38K
SWCH 40K Vool 55 min. 1
SWCH 43K
SWCH 41K
s "g, Nk 55 min. 10 min. 97 max.
SWCH 48K max.
SWCH 50K

For the low carbon steel wires given as SWCH 27 and downwards to be used for the
products which are to be heat-treated, the lower limit of the tensile strength may be
settled for lower values than that given in Table 2-1 by agreement.

—1890—
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:Table 2-2. Mechanical Properties of Wires Manufactured by Process DA

(Applicable on and after Jan. 1, 1991)

Tensile Reduction Tatormative rarerence
Type syithol strength of area L

N Elongation(’ Hardness
/mn? % Bat ) arnﬁ

SWCH 6R
SWCH B8R
SWCH 10R
SWCH 6A
SWCH BA
SWCH 10A
SWCH 12R
SWCH 15R
SWCH 12A
SWCH 15A
SWCH 10K
SWCH 12K
SWCHI1TR
SWCH 16A
SWCH 1BA 370 min, 55 min, 13 min. B5 max.
SWCH 20A
SWCH 15K
SWCH 19A
SWCH 16K
SWCH 17K 410 min, 55 min, 13 min. 86 max.
SWCH 1BK
SWCH 20K
SWCH 22A
SWCH 22K 440 min, 55 min. 12 min. 88 max.
SWCH 25K

200 min. 55 min. 15 min. 80 max.

SWCH 24K
SWCH 2TK

470 min. 55 min. 12 min, 92 max.,

SWCH 30K
SWCH 33K 620 max. 55 min. 12 min. 92 max. ®
SWCH 35K
SWCH 38K
SWCH 40K 670 max. 55 min, 11 minm, 94 max.
SWCH 43K

SWCH 41K
SWCH 45K
SWCH 48K
SWCH 50K

710 max. 55 min, 10 min. 97 max.

fote (1) The gauge length for the tensile test plece shall be set at 5 D, with D as the wire diameter.

'Remark: For the low carbon steel wires given as SWCH 27 and downwards to be used for the
‘products which are to be heat-treated, the lower limit of the tensile strength may be
settled for lower values than that given in Table 2-2 by agreement.
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4. Tolerances on Wire Diameters and Diametric Disparity

Tolerances on wire diameter and diametric disparity shall be as specified
in Table 3,

Table 3. Tolerances on Wire Diameter and Diametric Disparity

Unit: mm
o Grade of
o tolerancag Grade 9 (h 9) Grade 10 (h 10)
' Permissible Permissible
Wire diamw\, Tolerances alpparity Tolerances disparity
0 0
Up to and incl. 3 B o025 0,013 max. o 0.020 max.
0 0
Over 3, up to and incl. 6 - 0.030 0,015 max. — 0.048 0,024 max.
0 0
Over 6, up to and Incl. 10 - 0.036 0,018 max. - 0,058 0.029 max.
Over 10, up to and dnecl. 18 = g 043 0.022 max. o g‘mo 0,035 max.
Over 18, up to and incl., 30 = 3.052 0.026 max. D g 084 0,042 max.
Over 30 ° 3.062 0,031 max. " g 100 0.050 max.

Remarks 1. The diametric disparity is defined as the difference between
the largest and the smallest wire diameters measured in
the same cross section.

2. The grade symbols given in parentheses are based on JIS
B 0401. :

B Appearance and Surface Defects

The surface of the wires shall be free from harmful scale defects, rust
and the like as well as surface defects and the like harmful to cold heading
and cold forging.

6. Depth of Decarburized Layer

If specified by the purchaser, the wires of SWCH 30 K to SWCH 50 K
shall be tested in accordance with 10.3, and the permissible limits of mean
depth of decarburized layer shall be as specified in Table 4.

Table 4. Permissible Limits of Mean Depth
of Decarburized Layer Unit :

mm
e e | B e | St SR
‘ijﬁci“ ahd * 0.03 max. 0.12 max.
ggrin:i.ugatg 004 max, 0.15 max.
g::rii:i.ugoto ;005 max. 0.20 max.
Over 20 0.06 max. 0.25 max.

—1802=
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7. Spheroidized Structure

If specified by the purchaser, the wires produced by process DA shall
be tested in accordance with 10.4, and the grade of spheroidized structure
shall be as agreed upon by the purchaser and the manufacturer.

In this case, the grades of the spheroidized structure of SWCH 30 K to
SWCH 50 K shall be based on Photo Plates No. 1 to No. 6 in Figure.

8. Material

The wire rods to be used for the manufacture of the wires shall conform
to JIS G 3507.

9. Manufacturing Method

The manufacturing method shall be as follows:

(1) The wires shall be manufactured by process D or DA. However,
manufacturing processes other than given above may be selected by
agreement between the purchaser and the manufacturer.

Process D: To work up the wire rods inte wires by cold-drawing.

Process DA: Either to anneal the wire rods having been cold-drawn
and work up by cold-drawing or to anneal the wire
rods and work up by cold-drawing.

(2) The type of coating over the wire surface may be specified by the
purchaser.

10. Tests
10.1 Tensile Test The testing method shall be as specified in JIS Z 2241.
10.2 Measurement of Wire Diameter By means of a micrometer specified in

JIS B 7502, measure the largest and the smallest wire diameters in the same
arbitrarily selected cross section.

10.3 Decarburization Detection Test The testing method shall be as
specified in 4. in JIS G 0558. In this case, obtain the mean depth of
decarburized layer in a wire section from the values measured at four places

quartering the circumference passing the point right above the largest
decarburized depth.

10.4 Spheroidized Structure Test Observe the face to be examined with
& microscope of 400 magnifications, and grade the spheroidizing into No. 1 to
No. 6 by the aid of Figure.

11. Inspection

The inspection shall be as follows:

- (1) For the tests of mechanical properties, depth of decarburized layer
' and the spheroidized structure in accordance with 10.1, 10.3 and 10.4,
one test piece shall be taken from each lot of the same heat, size and
heat treatment, and the results shall comply with the requirements of
3., 6. and 7.

=1893~



99

—G 3539—

(2) The wire diameter shall be tested in accordance with 10.2 and the
results shall conform to the requirements of 4. )

(3) The appearance and surface defects of the wires shall be inspected
visually, and the results shall comply with the requirements of 5.

12. - Marking

The wires which have passed the inspection shall be clearly marked with

the following particulars on each coil by suitable means. Some of the items’

below, however, may be omitted, if approved by the purchaser.
(1) Type symbol

(2) Symbol of manufacturing process, with D for process D and DA for -5
process DA

(3) Wire diameter and its tolerance grade
(4) Mass of coil

(5) Manufacture number or coil number
(6) Heat number or inspection number
(7) Year and month of manui’acture\

(8) Manufacturer's name or its abbreviation

13. Report
The manufacturer shall submit the test report carrying the specified
items, if required by the purchaser. 1

—1894—
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Grades of Spheroidized Structures
400 magnifications

-r"s#"c.‘-‘;}‘:h

!

gt
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No. 2
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Reference. Chemical Composition of Carbon Steel Wire Rods for Cold
Heading and Cold Forging (Values Obtained by Ladle Analysis)
Chemical composition %
Type symbol
. C Si Mn P 5 Al
SWRCH 6R 0.08 max. = 0.60 max. 0.040 max. 0.040 max. —
SWRCH B8R 0.10 max. - 0.60 max. 0.040 max. 0.040 max. -
SWRCH 10R 0.08 t00.13 - 0.30 0 0.60 0. 040 max. 0.040 max. -
SWRCH 12R 0.10 to0.15 — 0,30 ta0.60 | 0.040 max. 0.040 max. -
SWRCH I5R 0.13 00,18 - 0.30 to 0. 60 0.040 max. 0.040 max. -
SWRCH I7R 0.15 t0 0,20 — 0.30 to 0. 60 0.040 max. 0.040 max. —
SWRCH 6A 0.08 max. 0.10 max, 0. 60 max. 0030 max. 0.035 max. 0,02 min,
SWRCH BA 0.10 max. 0.10 max. 0.60 max. 0,030 max. 0.035 max. 0.02 min,
SWRCH 10A 0.08 20,13 0,10 max. 0.30 to 0. 60 0,030 max. 0.035 max. 0.02 min.
SWRCH 1ZA 0.10 to0. 15' 0.10 max. 0. 30 to 0,60 0. 030 max. 0. 035 max. 0.02 min.
SWRCH 15A 0.13 00,18 0.10 max. 0.30 to0.60 | 0.030 max. 0.035 max. 0.02 min,
SWRCH 16A 0.13 to 0,18 0.10 max. 0,60 to 0,90 0.030 max. 0.035 max. 0.02 min.
SWRCH 18A 615t0.20/]" 010max. | 0.60 0.0 | 0.030 max. | 0.035 max. 0.02 min,
SWRCH19A 0.15 to0:20 0.10 max. 0.70 to 1.00 0. 030 max. 0,035 max. n.02 min.
SWRCH 20A 0.18t0 0,23 0. 10 max. 0. 30 to 0.60 0.030 max. 0,035 max. 0.02 min.
SWRCH 22A 0.18 to0. 23 0. 10 max. 0.70 to 1.00 0.030 max. 0.035 max. 0,02 min.
SWRCH 10K 0.08:0.13 | 010035 | 0.30t0.60 | 0.030 max. | 0.035 max. -
SWRCH 2K 0,10 ta 0. 15 0.10 to 0,35 0, 30 to 0,60 0,030 max. 0.035 max. —
SWRCH 15K : 0.13 w0 0.18 0.10 to 0. 35 0 30 te 0,60 0. 036 max. 0,035 max. =t
SWRCH 16K 0.13t0 0,18 0,10 ta 0.35 0. 60 to 0.90 0.030 max. 0,035 max. —
SWRCH 17K 0.15 t0 0,20 0.10 to 0,35 0.30 to 0.60 0.030 max. 0.035 max. -
SWRCH 18K 0.15 to 0. 20 0.10 te 0,35 0,60 to 0.90 0,030 max. 0.035 max: -
SWRCH 20K 0.18 t0 0. 23 0.10 t=0,35 0.30 te 0.60 0.030 max. 0.035 max. —
SWRCH 22K 0,18 to 0.23 0.10 to 0.35 0.70 to 1,00 0,030 max. 0.035 max. —
SWRCH 24K 0,19 to 0,25 0.10 t00.35 1.35 to1. 65 0.030 max. 0,035 max. —
SWRCH 25K 0,22t 0,28 0.10 0 0.35 0.30 to 0,60 0.030 max. 0.035 max. -
SWRCH 27K 0,22 to 0.29 0,10 to 0,35 1.20 to 1,50 0,030 max., 0.035 max. —
SWRCH 30K 0.27 t20.33 0.10 t00.35 0.60 to 0,90 0.030 max. 0.035 max. -
SWRCH 33K 030 to 0. 36 0.10 to 0, 35 0. 60 to 0,90 0,030 max. 0.035 max, K -
SWRCH 35K 0,32 t00. 38 0.10 ta0.35 0.60 to 0,90 0.030 max. 0. 035 max. —
SWRCH 38K 0,35 t0 0,41 0.10 ta 0. 35 0.60 o 0.90 0.030 max. 0.035 max. -
SWRCH 40K 0.37t00.43 0.10t0 0.35 0.60 te 0.90 0,030 max. 0,035 max. -
SWRCH 41K 0.35 to 0, 44 0.10¢t0 0,35 1.35 to1.65 0.080 max. 0,035 max. -
SWRCH 43K 0.40 to 0. 46 0.10 to 0, 35 0.60 to 0.90 0.030 max. 0,035 max, —
SWRCH 45K 0.42 t0 0.48 0.10 to 0. 35 0.60 s 0.90 0.030 max. 0.035 max. -
SWRCH 40K 0.45 to 0,51 0.10 00,35 0.60 to 0,90 0.030 max. 0.035 max. -
SWRCH 50K 0.47t0 0.53 0.10t20,35 0,60 e 0.90 0.030 max. 0.035 max. —

Remark: The letters R, A and K suffixed to
aluminium killed steel and the killed steel, respectively.

the type symbols stand for the rimmed steel, the
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JIS G 3540
(1988)

Wire Ropes for Mechanical Control

1. Scope

This Japanese Industrial Standard specifies the wire ropes of relatively small
diameters, hereinafter referred to as the "ropes", to be used mainly for mechanical
control.

Remark: The units and numerical values given in { } in this Standard are
based on the International System of Units (SI) and are appended
for informative reference.

Further, the traditional units accempanied by numerical values
in this Standard shall be converted to the SI units and numerical
values on Jan. 1, 1991.

| 2. Definitions

2.1 lay direction The direction in which a wire is laid or twisted to form
Z_a rope. T’ﬁere are two lay directions: Z-lay and S-lay as shown in Figure.

| 2.2 lay type The type in which the lay direction of a rope and that of a
strand is comEnEned. The lay type in which the lay directions of rope and strand
are opposite to each other as shown in Fig. (b) is termed the ordinary lay,

Figure. Type and Direction of Lay

(a) 1x7, 1X19 (b) 7x7, 7%19

S-lay Z-lay Ordinary Ordinary
Z-lay S-lay

—1897—
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B Hardness 3

Mumber of factors: | 2 v| Display &vailable

| mumber of repiicates: [ ~ |

Help | Ll 4 [ Block on replicates
3 | Help | ITI Cancel |
4
I | eEm—.

Create a bwo-level or full Factorial destgﬂim & Plackett- Bmmaf?daﬁgn 2

2 Minitab - Untitled

J File Edit Data Calc 3Stat Graph  Editor  Tools  ‘Window  Help
Create Factorial Design : i J @@ @ Iﬁ E El I | 'rE

Type of Design

™ 2-lewel Factorial {default generators) {2 ko 15 Factars)
" z-level factatial (specify generators) (2 to 15 Fackars)

T Plackett-Burman design (2 to 47 Factors)
@ General full Factorial design (2 bo 15 Fackors)
Mumber of Factors: I Z vi Display Awvailable Designs. .. I 111 R - 2t e

Designs... | Factors... |

Options. .. | Results. .,

Help | (6]'4 |

| | Create Factorial Designg - Options

Cancel |

¥ Randomize runs
Base for random data generator;

¥ store design in worksheet

! ! Help
= I |

Create a bwo-level or Full Fackaorial design, g 1 |
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Commercial use of the Software is prohibited.

Multilevel Factorial Desigh

Factors: 2 FEeplicates: 5
Base runs: 6 Total runs: 45
Ease blocks: 1 Total blocks: 1

Number of lewels: 2, 3

c1 c2 Ch Ch
StdOrder RunOrder, PtType | Blocks |Cycle time Hardness| NG
10 1 1 1 2 1
25 2 1 1 1 1
29 3 1 1 2 20 A1
38 4 1 1 1 204 T
47 5 1 2 2 r

3 Minitab - Untitled

J Fil= Edit Data Calc | gStat Graph  Editor  Tools  Window Help

| EH| &S 4w wswms g Q20 ABRE O
Regression »
|rlzEdai] °
| o0 | ANOVA > i I i (]
|| | poE B Create Factorial Design. .
Bl Session Control Charts r Resporse Surface b | B Define Custom Factorial Desian. ..
Quality Tools r Mizture 4 @ Select Optimal Design. ..
Commercial use of _ . X
Reliability fSurvival > Taguchi BWPY Pre-Process Responses for AnalyzeSStiaBilies” .
Mulkivariate 3
" - = [} i q "
Multilevel Factori: ) ! Ago Modify Design... @ &
Time Series 4 o X .
e Display Design... BN Sz Yariability, .,
Factors: 2 Tables 4 [<" Eactorial Flat
. Eactorial Plats. ..
gase ;1;113].( i Monparamekrics »
ase ocks:
ED, > I@F ContourSurface Flots,
Number of levels: Power and Sample Size » s overlaid Contour Plat. .

|£ Response Optirizer. ..

C5 C6
StdOrder RunOrder, PtType Blocks Cycle time Hardness NG
10 1 1 1 2 1
25 2 1 1
29 3 1 1 2 2
33 4 1 1 1 2
47 4 1 1 2 2
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Telcone to Minitah, press Fl for help.

Power and Sample Size

Test for ine Proportion

Testing proportion = 0.002 fversus not = 0.002)

Alpha = 0,05

Alternative 3Fample Target
Proportion Size  Power Actual Pomer
0.0043 3957 0.9 0.500051

0.0412 68 0.9 0.501524
0.0879 20 0.9 0.500418
0.0044 5159 0.9 0.500035
0.050% 50 0.9 0.902188
0.0915 19 0.9 0.801461

Power Curve for Test for One Proportion

Multilevel Factorial Design
Factors: H Replicates: 8
Basze nms: 3 Total runs: 48

Base blocks: L Total blocks: 1

Nuwber of levels: 2, 3

General Linear Model: NG versus Cycle time, Hardness

3 |

(Open a Minkab project fie

|

Editable

|=

INITAB 8 REPLICATE.MP. - [Session]
Fle Edt Data Cac Stat Graph Edter Toods MWindow Help B
e -
2H & 1140070 488088 N CHE B @
1 I
A

General Linear Model: NG versus Cycle time, Hardness
Factor Type Levels Values
Cyele time fixed 2 0.%0, 0.7%
Hardness fixed 3 140, 180, 175
nalysis of Variance for NG, wsing Adjusted 35 for Tests
Source DF Seq 85 Adj 55 Adj M3 F 1
Cycle time 1 3417 3417 3417 2.72 0.108
Hardness 2 1018855 1018855 509428 405.63 0.000
Cycle time*Hardness 2 3261 3281 1631 1.30 0.284
Error 4z Sarn 52740 1256
Total 47 1078274
§ - 35,4362 R-8q - 95.11% R-3qfad)) - 94.53%
Ummsual Observations for NG
Obz G Fit S5E Fit Residual 3t Resid

4 307.000 383.250 12.529 -76.250 -2.30 R

14 450,000 383,250 lz.520  106.750 3.22R

33 254.000 368.000 1z.528  -75.000 -2.26 R
R denotes an ohservation with a large standardized residual.

Residual Plots for NG

———— 7/31/201011:35:17 AM

!
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Open a Minitab project file
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+ool o2 0| o Cs | 6 €7 8 €9 | Cl0 €l | G2 €13 Cl4  Cls Cl6 €17 Clg | C19 €20 C21A
Sthrder‘RunDrder‘ PtType | Blocks  Cycle timelHardness‘ NG ‘ ‘ | ‘ | ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ E)

1 3 1 1 1 050 10 183

| 2 | 3 2 1 1 050 s

| 3 | 12 3 1 1 075 175 43

4 18 4 1 1 075 e

|5 | 4 5 1 1 075 140 2

| 6 | 5 6 1 1 050 140 =

7 | T 71 1 075 10 &

8 2 8 1 1 075 s 3%

3 15 9 1 1 050 75 a3

0 1 10 1 1 075 I

1 il 11 1 1 0.50 | |18

12 0 12 1 1 0.50 0 18

13 B 13 1 1 0.0 160 149

I 14 1 1 075 s 4|

15 24 15 1 1 0.75 s oaE

|16 a5 16 1 1 050 75 43 —1

17 | = 17 1 1 0.50 10 184 - T

|18 7 18 1 1 075 10 s

19 2 1 1 1 075 140 7

20 2 Y 1 1 075 10 1%

2 = 2L 1 1 050 S

2 % 2 1 1 075 140 19

B3 2 3 1 1 050 10 23

24| 7 24 1 1 0.50 I I

|25 & = 1 1 0.75 7 a7 7 N

% E % 1 1 os0| 15 am | | 3
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Welcome to Minitab, press F1 for help. Resi
Power and Sample Size

Test for One Proportion

dual Plots for NG

Residual Plots for NG

Normal Probability Plot Versus Fits

Testing proportion = 0.002 {wersus not = 0.002)
Alpha = 0.05

Residual

e | | | |

50 100 0
Fitted Value

30
Residual

Histogram Versus Orcler

Sthrder}RunUrder} PtType ‘ Blocks il:vcle timeiHardness}

Frequency

R
V\Ni'v 'V oy

Residual

75 B 0 X 15 1 @ &

Residual

FER T VA
Observation Drder

Welcome to Miniab, press FL for help,

+5 Slan

[ vinieah - N







110

= Minitab - MINITAB 8 REPLICATE.MP.J - [Session]
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8/6/2010 5:46:53 PM
Welcome to Minitab, press Fl for help.
Retrieving project from file: 'C:AZDOCUMENTS AND SETTINGSYASTS\MY
DOCUMENTS Lwsilsfunasan \MINITAE & REPLICATE.MPI'
One-way ANOVA: NG versus Hardness
Source DF 53 M3 F P
Hard.ness 2 1018855 GS09428 385.81 0.000
Error 45 59419 1320
Total 47 1078274
5 = 36.34 PR-5q = 94.49%  ERE-Sqg(ad)) = 94.24%
Individual 95% CI= For Mean Easzed on
Pooled Sthew
Lewvel N Mean Stlhev 4+--------- e Fmm e
140 16 19.31  5.29 ([-%-
160 16 192.13 40.43 ==
175 16 3768.13 47.95 [=*]
R~~~ e R ——====== i
0 100 200 300
Pooled 5Sclev = 36.34
Tukey 95% 3imultaneous Confidence Interwals
All Pairwize Comparizons among Lewels of Hardness
Individual confidence lewel = 95.06%
ol
< 2|
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Hardnesz = 140 subtracted from:

Hardness  Lower Center Upper -—--+---—-----—- +--—mmm - +--—mmm - +--—-—-

1sd 14]1.65 172.81 203,37 {=*-)

175 325.65 356.81 387.97 [-*-
i —————~ = +-————---- +-————---- +-———--
-1ad i 160 320

Hardnezsz = 160 subtracted from:

Hard.ness Lower Center Upper --—+-—----—---- - - - +--—-—-
175 152.84 184.00 215,16 (=1
e sy~ S N e~~~ -
-1a0 0 1ad 320

Individual Value Plot of NG vs Hardneass

Boxplot of NG

Residual Plots for NG

8/7/2010 2:54:03 PM

Welcome to Minitab, press Fl for help.
Betrieving project from file: 'C:A\DOCTUMENTS AND SETTINGSY ASTISY MY
DOCUMENTS Lt & Sunassu \ MINITAE § REPLICATE.MPJ'
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& Session
lal 141,65 172,81 203,97 [-*-]
175 325,65 3he.81 387,97 {=%=)
Residual Plots for, NG
Residual Plots for NG
Hardn
Normal Probability Plot Yersus Fits
Hardnfl * T v 100 .
175 P [ S N N y
021 i ) : . .
§ £l ! Ll 2 « ! ie
E | o4 | ¥
H o0 o . ™
10 e 50 ',
2l P "
— 14 | ) ! | -1004, . . . .
T— =100 <50 1] 50 100 i 100 200 300 400
EEE Wor Residual Fitted Yalue
i Histogram Yersus Order C
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g 3
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& 1= Individual Yalue Plot of NG vs Hardness

Individual Yalue Plot of NG vs Hardness
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2 Minitab - MINITAB 8 REPLICATE.MP.J
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B8 Project Manager

MIMITAE 3 REPLICATE.MPY | Session Worksheet
A session B 2482008 21154015 oo ememeeee Worksheet 1

Boxplot of NG

Boxplot of NG
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