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CHALALAI WONGWIAN: TOLERANCE CHARTING WITH A
SPREADSHEET.THESIS ADVISOR : ASST. PROF.YONGYOOTH

SREMSUTIANUWAT, Ph.D., 174 PP.

TOLERANCE CHART/TOLERANCE ANALYSIS/MACHINING SEQUENCE

A tolerance chart is a graphical representation of a machining sequence for
producing a machined part. This technique has been reported to be used in machine-
shops since the mid — 20th century, but it was not until 1984 that the first computer
program was developed for tolerance charting. However, to chart the tolerances in the
environment of a spreadsheet has not been found reported. This thesis describes the
development of a computer program for charting tolerances with a spread sheet
application (Excel). The package is written in Microsoft’s Visual Basic.

The algorithm developed for the calculations in the program has been based
mainly on the rooted-tree graph technique. The inputs for the program include: a
sketch of machined part, blueprint dimensions, a machining sequence, the machine
used for each of the processing operations, and the tolerances for all machining
operations. These data are interactively input into the program. To input the sketch of
the workpiece, a screen with a guidance menu provides short instructions for drawing
the outlines of workpiece in an area allocated on the screen. For other data, a form to
be filled up is provided on the screen.

The program imitates the steps of manually tolerance charting by first renaming
all vertical faces of the machined part; then, calculating tolerance stacks for stock

removals; calculating tolerance stacks on resultant dimensions; and, calculating basic



working dimensions (the basic sizes for the machining cuts). The out puts are shown
on a separate worksheet in the form of a tolerance chart. In the case of a tolerance
stack problem exists, the user can also make modifications on the tolerances of related
working dimensions.

The validation of the program had been made by comparison of the results
from the program with those from manual calculations. Some complicated workpieces
with a number of cuts as many as 30 cuts performed on 15 surfaces had been used as
the test samples. It was found that all the results agreed well with those obtained from

hand calculations.
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9
asalunisdnazgnszyedluseq
working dimensions)
Y
UAUDIBUATU (blueprint dimension)
v Y
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OPER.|WORK DIM. TOL.| A B C
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R Wi, T BASIC [+F-7T0L, BASIC | +f-TOL
[ A a
1 B 4x.17 O.7&2 1 atock
2| e | 5.68 | 0.381 2 atack
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Line # 1: face F is defined relative to locating face A

Line # 2: face C is defined relative to face A

Line # 3: face E is defined relative to face C

Line # 4: face Fl is defined relative to face A

Line # 5: face El is defined relative to face FI

Line # 6: face Al is defined relative to face El

Line # 7: face Cl is defined relative to face El

Line # 8: face C2 is defined relative to faceE1

Line # 9: face A2 is defined relative to face El

Line # 10: face F2 is defined relative to face A2

Line # 11: face C3 is defined relative to face El

Line # 12: face A3 is defined relative to face C3

Line # 13: face B is defined relative to face C3

Line # 14: face F3 is defined relative to face C3

Line # 15: face D is defined relative to face C3

Line # 16: face C4 is defined relative to face El

Line # 17: face A4 is defined relative to face C4
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e f

g h
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i=1
N
!
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3)F<T
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Yes
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Path NOUNTOEGUANAUD

gﬂﬁ 4.8upumnguly (Rooted-tree graph)

A1319% 4.3 Path nurun eyl

i | Operation | New face | Locating face Path
0 00 DO 7 DO

1 10 A0 DO A0 DO

2 30 BO DO B0 DO

3 40 Al DO A1 DO

4 50 D1 Al D1 A1 DO

5 60 Co Al CO0A1DO

6 70 Cl Al Cl1 A1 DO

7 80 A2 D1 A2 D1 A1 DO

8 90 D2 A2 D2 A2 D1 A1 DO
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| 5.) Part(i) = SQInN(i).To |

;?1

/\\

~ 6. ) SQIHN(l) From = No
”ROOI" 9 - >

No —— 8.) SQInN(l).From =
AN (j)jg,z/>

Yes
‘ 9.) Part(i) = SQInN(l) To & Part(j) ‘

10)j=j+1
R N e 11 Yi<ir T

™ No

—=_ I

v
12)i=i+1

1LIte

13.) i<

Nosque%rrrr

‘l.]ﬁ 4.9 Flowchart uﬁmmimqmsumTma&aammuasmauma (Path)

v
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da} ~ @ v o w a < 1
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A o s % < ' o s s
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] Y 1 1] Y
AaanAs Uz ANNATY 39 1151nTUIZANIUNTIUQUINONIAT Path(r) VOIRIAAUUIAL
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Path(r) AINAAIUNDUNII 91mTAUA1 LA ToS tagFroms e T TuWanau
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“Comp!” d1i5utf5oufov Taods 2 Path NR0INITHIANUTNNUT WINFUILAUTUNITAIY
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TUABUNITNINY MU UFImIna Ul udlsaas wesrsrINNaNUFURUT Y Funua 1A
o 4 o & Ea] ' ] o ° 9
1162115915158 finalP()1NU UG ENWINFY “CalTol” Tasaaarluaiuils finalP(r) a1151
o 4 % a 2 o o A o 4
AMUIUANNAAIAAADUAL AUNIVDIAIFU N UNINFUA UL UMTAIUIUANINAAIAAA DY
Aa 2 \ o o b 1o
azannavutazanavin 13 1udls015158 TolP(r)
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1y Tugavzihmsmmuaviayagiuveile lanehgnaneon 11 1o 14
1 1 Y 3’/ = dy Y d‘dy 9 [ o
milanmsaannasezliiie Tanzgnaacen lawe lunii ldwanmsmruavinayagiuves
dy A o [ dy Y I A @ A A Y1
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No_—77) Right(SQInN(r). To, 1)
=09

Yes

3.) TolP(r) = "Solid Cut"
finalP(r)=""

No 4) SQInN(r).FI'Om ="y

Yes

5.) TolP(r) =0
finalP(r)=""

S

9.) ToS = Par[(1)

10.) NoC = Right(SQInN(r).To,1)
BfToS = SQIn(r).To & (NoC + 1)
[P

‘ 15.) FromS = Part(j) ‘

[P
v
16)j=j+1

18.) finalP(r) = Compl(FromS, ToS)
TolP(r) =CalTol(finalP(r))
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ﬂﬁ 4.10 Flowchart Lm’ﬂ\1ﬂTi“VlNTL!"II’éNIiJﬂaEJE]EJﬁWWiUL‘Lﬁ'EJUMEJU Path LW’E]ﬂ']ll’Jﬂlﬂ’J']iJ
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43.6 TugadesdviuinnNIna ANt UaTaNURINATUIY
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J)c=0

3.) BPN(c).From < Part(i) ?

4) FromS Part(l)

5.) BPN(c).To < Part(i) ?

¢ Yes
| 6.)ToS = Par() \

— 8)i< NoSque}\%”:
= i

T'No
9.) finalBP(c) = Comp 1 (FromS, ToS)
TolBP(c) = CalTol(finalBP(c)

— 11 )C <NoSurt 17 —

8 -

No

310 4.1 Flowchart uaaimsihaiuveslugagesdmsumuinnnunaianaondsauyes
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44 Wandululdsunsu
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4 74 3 s X 7L
Microsoft Excel #1# Taailoadafsnsuaioudd envuilanmnsaizonldau ldannilensu
. = o o ) = o v Y 1 v J
eluTd5n54 Microsoft Excel M3teumasluilansuasz@oumaaliaen (Return)naans

: ¥ 4 o w ¢
18 Fadremaii Tilsunsudeaalassudmiulgau 3 Mandu
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dé o U
44.1 WanFuCompl (F As String, T As String) §1%5u1Seuiieay Path
Tumsmuumanuaaamnasudzaylullsunsuumuginnuaaianaou
- v o a o £ ) A ~ y v 2
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dag d.q%’, (= v o 3’; YI a Ao v o Jdo A qu
maiAEINgazdInETu ludanuduius amiveg Idtlurindanuduwusou o ld
I~ o 4 ]
Wudoyalumsmuinanuaaianaoudzdu(Whybrew et al, 1990) 14U A09N1TH
[ v 7 a v o
ANNANNUSUDIR2910 A0 11 DI 91ndoya PathA0 = AODO 1Az Path D1 = DIAIDO 391

= o Y I Y A A 9 v A = ~ 9 a £
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Y
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A Y o A 9 S v A A 9 A
AsINAIMsIIMANUANNATIAasudsdy TUsunsueas1alensu weisenldauiie
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ao 11

: s 4 X , .

FaWanF U “Compl()” iFonlFaruilodoamsfseuiiey Tasda 2Path 7
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ﬂTQTu@QL!ﬁﬂﬂﬁlugﬂﬂ4.12 LlagﬂqﬂGD'UﬁQﬂ1ﬂa‘U!‘l]u@’JLL‘]J3ﬁ@ﬁﬂm@qsﬁﬂwjﬂﬂﬂj'luﬁﬂwu‘ﬁﬂu



‘ 1.) Input Fand T ‘

.

2.) strArrayF = Split(F, " ")
strArrayT = Split(T, " ")

‘ 4.) a(i) = Trim(strArrayF(i)) ‘

—6.) i < UBound(strArrayF) ?

[ 20)c=1,j=0 |
»]

No o
‘ 7.) b(j) = Trim(strArrayT(j)) ‘

8)j=j+1

<9.) j < UBound(strArrayT)
No

10)c= 1,i=0
‘ ‘
>

30)D=n&"" &m
Compl = Trim(D)

51/ 4.12Flowchart 11a#@In1571191UURINIAF U Comp1()
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(.'Q'J ) U o 4
4.42 Wan¥uCalTol(PT As String) MHTUAIMANUAMIAADO U AN
L 4 1 4 o 1
WA FUF071 “CalTol)”i5onlFa1mlo Tsunsudoan1sAIuInAIAIY
A a £ s o a £ A A Yy Ay y ~
ABNAAADUAZANVDIAIFUIIY TasTanFuzTUARIFUAIUNREIToIN Tasnmsifiey
o o 7 2 o ) !
Path @ wunuludanls PTvesilensu mniuldsunsuaziaumuiuaoulugling. i3
1 @ I 1 A = o L) dy I [
ganauruilumanuAaIAmaBUaL Ay FINTHIUVININF UL azilumsuInyeInIAN

dl o A o -d'w
amanaoUlszNRIAANTUNN

‘ 1.) Input PT ‘

;

‘ 2.) strArrayP = Split(PT, " ") ‘

3)i=0 |
»
4.) a(i) = Trim(strArrayP(i))
j=0
»

—S)al)- Sém

\l/Yes
| 6.) CalTol = SQInN(j).Tolerance + CalTol |
€

No

8.)j <NoSque ?

0.) i <UBound(strArrayP)?
No

311 4.13Flowchart HAAINITINUVOINIAGTY CalTol()
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o'q'J o [
4.4.3 Van¥u Basic (a As String, b As String) ¥ FaNlFMVINAYAg MY
YU
L) . 4 v
Wandu “Basic()” GonlFaruilo Tdsunsudosnisniiuaivuiayagiuves
2 o s @ oA o Ty v s o a & a a
FUUMNAMT015138 Basic N 11sunsuduraa 1uds TaelesnduseSuamiduau 2 Aan
v S s o 1 < o s
Tdsunsudpamsnsriuviiannuuilensuszianuuiuludds a  uag b voslanyu

3’.: o 3’4 { v o I Qy
mﬂuuT‘ﬂsLLﬂﬁmmmummuﬂau“lugﬂm.14?{@ﬂaumgﬂumumgagmmawmm

‘ 1.) Input a and b

.

2.) NoSurf = Sheets("Dimension Design")
.Range("ss").Value

v

= e —

e AN

YesT " 5)Basic=0 |

4.) F = Asc(UCase(a))
T = Asc(UCase(b))
Basic = Abs(GenBP(F, T))

(son)

511 4.14Flowchart taaInsi1uvealandu Basic)
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451 TugagealumsuanIgnasanINIsAaT UM

Y ' Y 9
TugagosiinuTNaINgnNATLAAINITAATUNIN AUEIALVDITUADUNITAA

2 v a A o o F) Ay v Y <
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Ayuau TagTugadosutiamsviannilu 4 Tuaeu asae 1l

1. TugagesdmSvauidumazauingmMunanaay

Tdsunsuazihmsaudunaz fagumnloguuayaau “Tolerance Chart”

U q

9 1 [

1 o A 9 o o 4 @ Yy A Yo
NOUAUUUMITITAIWNAYANHUUTAINITAALASAINLTUNINYIUDIAN 9 TaaTdsunsuleme

v 1
HAZTUABUMIINNUUAAIAFUN 4.15

9 v
Y v
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1.) Set H = Sheets("Tolerance Chart").Range(" Headder")
Set H1 = Sheets("Tolerance Chart").Range(" Headder1")
Set rng = Range("Picture3")

3.) H.Cells(i).Borders(xIEdgeLeft).LineStyle No
=-4118 ?

4.) Set clr = H.Cells(i).Resize(2, 1)
clr.Borders(xIEdgeLeft).LineStyle = xINone

[P

v

o 8 -= —

No

<5 ) Hl Cells(l) Borders(xlEdgeLeft) LIW
— =-41 18 ?7

j Yes

6.) Set clr = H1.Cells(i).Resize(2, 1)
clr.Borders(xIEdgeLeft).LineStyle = xINone
e

—8.) i < H.Columns.count ? —

;I?es
9.) Sheets("Tolerance Chart").Shapes.SelectAll
Selection.Delete

v

( Stop )

51 4.15Flowchart taasmsshauvesmsauidunazauiagmniieguuayaaiy
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AUNTIIEN Gﬁiﬂlu@lﬂuﬂWﬁ‘ﬂ’N’luﬂl@ﬁINﬂﬁﬂ@ﬂllﬁﬂ\ﬂugﬂ‘ﬂ 4.16‘1/1mumﬂﬂa’ni)ﬂ§ﬂ%mmua$
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1.) Name = 64, countj =0, j =2
|
»l
!
‘ 2.)i=1,counti=0 ‘
M

3.) rmg.Cells(i, j).Borders(xIEdgeLeft). LineStyle
=1?

4.) counti = counti + 1
Set D(j) = rg.Cells(i, j)

10.) Ste(j) =-1
v
12.) countj = countj + 1
Name = Name + 1

v

13.) Set S = mg.Cells(rng.Rows.count - 1, j)
S.Value = Chr(Name)

Set S = Range(D(j).Offset(counti, 0).Resize(1, 1), S)
With S.Borders(xIEdgeLeft)
.LineStyle = x1Dot
.Weight =xIThin
End With

v

14.) Set S = rng.Cells(rng.Rows.count - 1, j).Offset(1, 0)
Set S = S.Resize(NoSque + NoSurf + 6, 1)
With S.Borders(xIEdgeLeft)
.LineStyle = xIDot
.Weight = xIThin
End With

15) j=j+1

o Qg} 9 a asl
.16Flowchart memimammmmmﬁmgﬂﬂsmmuasmﬂmuu’dmm%mm
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MIAAFUIIUNADINITNUATIZH (A931UN 4.18)Fardald 1Ay (Vuaouve 28) NlFluns
9
aduaall
° o ) 9 o Yo o
1. mamnuaveudulniugananlaiid
shp(i).Line.BeginArrowheadStyle= msoArrowheadOval
2. msmmuataeveuduliiiugnas ldmds
shp(i).Line.EndArrowheadStyle = msoArrowheadTriangle
: o ' o o w I 4
Famunalumsdaaradu (mdalude 30 vaz 32) Wul)auwradves
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1.) Set TC = H.Resize(1, H.Columns.count).Offset(-2, 0)
j=1
»l

ol
| 2.) FF = CStr(TC.Cells(j)) |

‘ 7.) Set fromL = toL.Offset(0, -1) No

SQIn(O) To = surf(NoSurf) ?

‘ 9.) Set fromL = toL Offset(O 1)

>

F
10.) Set shp(0) = Sheets("Tolerance Chart").Shapes.AddConnector
(msoConnectorStraight, fromL.Left, fromL.Top, toL.Left, toL.Top)
With shp(0).Line
.Visible = msoTrue
.ForeColor.ObjectThemeColor = msoThemeColorText1
.Weight =1
.EndArrowheadStyle = msoArrowheadTriangle
End With

[P

1) j=j+1

Yes -
.) j < mg.Columns.count

No

4 @ L4 g o £ 2
ﬂﬁ 4.17Flowchart MIaNTY NHALEAITUABUMIAATUIU IUTUABULSTD

9
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Y

18.) Set toL = TC.Cells(j).Offset(5 + i)
T=j

20.) Set fromL = TC.Cells(j).Offset(5 + i)
F=j

[24.) DirectionC(i) = Ste(T) * (-1) |

26.) Set shp(i) = Sheets("Tolerance Chart").Shapes.AddConnector
(msoConnectorStraight, fromL.Left, fromL.Top, toL.Left, toL.Top)

With shp(i).Line
Visible = msoTrue

.ForeColor.ObjectThemeColor = msoThemeColorText1

Weight =1

BeginArrowheadStyle = msoArrowheadOval
.EndArrowheadStyle = msoArrowheadTriangle

End With

28.) ActiveSheet.Shapes.AddLabel
(msoTextOrientationHorizontal,
fromL.Left + (toL.Left - fromL.Left) / 2,
fromL.Top - 21, 30, 30).Select
Selection.ShapeRange(1). TextFrame2
.TextRange.Characters.Text =i

<=—29.) fromL.Left > toL.Left

30.) ActiveSheet.Shapes.AddLabel(msoTextOrientationHorizontal,
toL.Left + (fromL.Left - toL.Left) / 2, toL.Top - 21, 30, 30).Select
Selection.ShapeRange(1). TextFrame2. TextRange.Characters. Text = i

¢
<

31) i=i+1

[ [ 4 g’/ o Qy 1
WANHULTAIVUADUNTAAFUIIU(AD)
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° (Y v v < a
4. Tugedesdm3uandayanuauanlifl uuuve T UM
H 9 Y 9
na191n lsunsuangnaAsuaaaiuaoumsdaruay mnuuTlsunsu
oA Y aan £ [ A 2 o o g ¥ aad IS
ranHuNMINNFUUAAINAT0IFUI (493107 4.19) Fadgydnuainldunuiaryuaily
{ o I o ¥ A o v {

iduassiiadunazheduiluganan Taemdsnldlunmsandunemdslunsouiio

\ 1)i=1

—

1

\ 2.

Y= Y =

| 3. FF = CStr(TC.Cells(j)) |

— 4)BP(1) To= FF" ) —No___

T Yes

5.) Set toL = TC.Cells(j).Offset(8 + NoSque + i)

<f;\{.)BP(i).Fr0m = FFT?'T: No
2) e

I —

———————==9.) j < TC.Columns.count ?"
R =N
+No

10.) Set shpB(i) = Sheets("Tolerance Chart'").Shapes.AddConnector
(msoConnectorStraight, fromL.Left, fromL.Top, toL.Left, toL.Top)
With shpB(i).Line
.Visible =msoTrue
.ForeColor.ObjectThemeColor = msoThemeColorText1
Weight =1
.BeginArrowheadStyle = msoArrowheadOval
.EndArrowheadStyle = msoArrowheadOval

End With

11) i=i+1

12.) i<NoSurf-17?

Yes

3 [ J aad { a L4
‘l.lﬁ 4.19Flowchart @AIN1ININUYBINTAINT Y ﬂ‘Hml!ﬁﬂ\‘lﬂJﬁ%uﬂWHﬁﬁﬂﬂﬂWﬁﬂlﬂi'ﬁﬁ
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4.5.2 TugadesdmSunaasmuuuwuginuna oY
] g o Y ~ o [ 1 a d' = I
TugagesiminNd miutaaImuuRIginNuAaIANaY Ba9ziTuns
VoA A 9 a A 2’_, 1 dy o A
paananNneIved luusugiinnuaaundounirua laglugadesiazinulagnisaen
g d‘ 9 ?x}; ] 9 ~ A v 0 g
IFAGAN 9] NABIMITUAAINNUUIAAIN FToyanudaslinine Til
9
1. Operation number UYBIAUVUADUNITAA
2. Mechine used ¥39%1AUUAT 09305 N 1FWan (F17)
Aa o Q" 3 1 o
3. Referrance cut W30 Adaruay (TUsunsunuar 13 ludauls
SQInN(i).To)
. . . < ' J . .
4. YU1AVD Working dimension (115unsusnua 13 1udu1ls BasicCut(i))
4 I 1 @
5. ANUAANAIAADUYDY Working dimension (TUsunsunua 13 luauls
SQInN(i).Tolerance)
< 1 1]
6. YUIAUDY Stock removal (T1)sunsunua1 13 Tudauals StockRB())
4 < 1 o
7. ANUAAIAAABUUDY  Stock removal(TUsunsunua 13 ludunls
TolP(i))
Y

A aaa Ay a Id < 1 9
8. ANUAAIALAAD UUBINAF U UNABDINITUATIEU (Tﬂmﬂﬁmﬂumhh

Tuaauals TolBP®))

4.6 ugadmduudlvuwugiinnunaianasy (improvement module)

1 d' 9 1 d' aa le 9
muﬂlmmmﬁ'"leumaTﬂmﬂimmmwa ummmmﬂa1mﬂaau1ummawumuw"lﬂ

a =1 1 d' Qy o é [ Y~ 1 a d‘
MIAATIZHUMVINANNUUUFUN UMK UA FaaLaad 1HiuN mﬂﬂiymmmﬂmmﬂaau

Y
ad o A

2 A 42 2
AraunNTUABUMINAR FaTuAsumMsuA gyl 1 3 35 Asil
v ' d' d' Y a 49@1 Y 1 a
1. dsvaamanuaaianasuisen linavuliunasnssuiunmsnan
U d’ o Q g}l a
2. dSunlasudauaunoulumsnan
H v
3. dsunlasunuuruau
= ] dy o Y A Y YN a A Aan A = d
¥ Tugadostinyii vuaoumsud lvuwugianuaaanaouluisn 1 Fuiu
dy 9 I ) 1 A a 9 = 1 v
Weosdu ulSuaamanuaaiandouveanszuiumanan flsamnson)doua lunoduil
+Tol/2 Y84 Working dimension 1@ laenss Faile TUsunsuasranuniiman/asulsvean
o A o 1 1 1 < 9 ' 1 @
Tdsunsuazdniiumsmulranian o luiuazuaaswaldmuiui sadd 14 liaansodsy
1 H Y
aaa laud dlyamnsadounduiielsunlasuddumsdaruaiuln 'l uaddaluldud v

de7souan 1l
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47  ayl
oA a 4 < o
Tumsdutivaveslilsunsuaduwugiianuaaiamasy Wumshaunelanig
A o ' ) ° v Ay Y k4 gt ]
wou Teanuved Tugadostaz lansumsinnumme aei lananumaualuunil Faaag
o <3| o { | o
TugaawsaagdmshanIdiuununimms e (flow chart) uaauleulymsdeay
o w a = ' g = ' S 1 g
uagadumsnnsan lnsazidsa luudazvuaeu salugadesuazilensudinlvgiilums
d‘ Y ° a 4 Y A o Y I3
nlasumsadaazmsmiuaunugiianuamanaouslsionumanmsusunwau iy
msduiiunuuuneuiuaes uag lugadosusdin surhndmsumsuaastoyaiiiums
1 (% 4 a 4
Uszuranands lueglugilanvalvesunugiinnuaaianaounuayaaiuTlsunsy

TuTassenadnara (Microsoft Excel)



a
Unn s

naaavlsunsy

o Y = v o o k) = dy
msnaaeumsinauveslsunsulEsmafieursadwsnumsduasaleie Tuunil
@ 1 o Y A A (Y Y A as
UAAIAIDE1VBIMIAILINA oINS sunUNa 1NN 1F 1 unTY 1AB991N TS
o a A = ax o Y = A vy
msmualuusugianuaaiamdeuiivaisds aaldnanlusieaziBealuuni 2 uds ms
v 9 H Y
nagovulUsunsulunineldnnis uadmsudledanznaneae lUi143% Rooted-tree
1 as A Y
graph @2U350U 9 laudaalumanuan 9

1
a I

v o v
5.1 éh'ﬂ?ﬂx‘lﬂ]ﬁﬂ]‘]rnmﬂﬂu!!ﬂu{]uﬂ')]uﬂﬁ1ﬂ!ﬂﬁ@u
- {o & o o ) 4
TunmsnageuTdsunsulunniildoyansuiudmsvadaumugiinnuaaianaou
[ d‘ 9 U 9 d‘ A o w % Qy g}J d' 1
anlanarunds (i 5.1) Taslidinumsaaduay 23 Tupeu muiuaasludiunalsues
a < (% . 2 A o 1
uwuni eunsaadradluununmau lifrooted-tree graph) lddeg 1l 5.2 Ferdagamevo s
v
aziIFUI Ao A4, B2, CO, DO, E2, F1, GI, H2, 10 uaz ]2 Muisaivuiauazaiiy
d‘ dy d' v 9 A 1 g’/
aaanaouveiie lavzh laudaoon 11 (tolerance of stock removal) Aol luneazrunou
o ~ T % . s
A93199 5. 1FuTlua luaaus£Tol /21182 Basic ¥0Id@AUA Stock Removal
A < o 1 A aa 2 J
A1319% 5.2 1Wumsmiuiaaianuaaiaafouyedlalunuuryuaulugaus
Y 9 v
Resultant DINYUIAYAFIUANHUUFTUNIU ERNTOMUINVLIAYATIUNNA TaRanag U7 5.3

v Y H
FalddmSumurumuuayaguvmzan (working dimension) TunaazTuApUAIAITINN 5.3
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Tolerance chart

A B C D E F G H I J
OP Reference Working Dim. Stock Removal
Machine used
No. Cut Basic +Tol/2 Basic +Tol/2
A0 0.00 0.000 N 0.00 Solid Cut
JO 76.35 0.015 1 0.00 Solid Cut
HO 19.47 0.005 2 0.00 Solid Cut
Co 60.45 0.030 3 0.00 Solid Cut
Al 56.63 0.005 q 0.25 0.025
GO 16.72 0.010 5 0.00 Solid Cut
«—2e
FO 14.97 0.010 6, 0.00 Solid Cut
<+«
BO 10.20 0.005 7 0.00 Solid Cut
EO 21.21 0.005 1 8 0.00 Solid Cut
J1 7587 0.005 9 0.23 0.015
H1 19.01 0.003 10 0.23 0.013
10 1522 0.010 1] 0.00 Solid Cut
A2 56.63 0.003 12 0.22 0011
E1 35.41 0.002 13 0.23 0.015
B mm—
B1 11.01 0.003 14 0.24 0.018
—e
H2 3521 0.002 15 0.21 0.004
L
£2 35.00 0.001 16 021 0.003
«—— 20 o
B2 11.00 0.001 17 0.21 0.007
—
A3 56.21 0.001 18 0.22 0.008
J2 54.00 0.002 19 0.22 0.010
G1 18.00 0.002 20 0.26 0.030
£
DO 3.00 0.004 4_21. 0.00 Solid Cut
Ad 56.00 0.003 22 0.21 0.004
F1 24.00 0.005 23 0.29 0.045
Bule Print Result
Basic | +Tol/2 Basic | +Tol/2
10.00 0.100 1 1 10.00 0.005
15.00 0.060 15.00 0.055
3.00 0.050 3.00 0.004
—o
21.00 0.050 21.00 0.004
9.00 0.060 9.00 0.060
15.00 0.020 15.00 0011
— o
17.00 0.010 17.00 0.003
— o
4.00 0.020 4.00 0.017
15.00 0.020 15.00 0.020

_Y

51U 5.1 uwugiianuaaanaoui IdnnTusunsy
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d’ o 1 d‘ dy d' U
AT NN 5.lGl15NﬂTL!'Jﬂ!‘ﬂ1ﬂ'NNﬂ'ﬁ1ﬂlﬂﬁ@uﬂl@ﬂlu@Iaﬂg‘ﬂIﬂuﬁﬂﬂ@ﬂqﬂ

Line. | Machining | Node Line Involved in Basic
+Tol./2

No. Sequence | Involved | Rooted-Tree Graph (Tolerance Stack) Size
0 A0 - - 0 Solid cut
1 A0-HO - - 0 Solid cut
2 JO-HO - - 0 Solid cut
3 JO-CO - - 0 Solid cut
4 HO-A1 A0-Al1 | Linel,2,4 0.025 0.25

(0.005+0.005+0.015)

5 HO-GO - - 0 Solid cut

6 GO-FO - - 0 Solid cut

7 A1-B0 - - 0 Solid cut

8 A1-E0 - - 0 Solid cut

9 Al-J1 JO-J1 Line2,4,9 0.015 0.23
(0.005+0.005+0.005)

10 JI-H1 HO-H1 | Line4,9,10 0.013 0.23
(0.005+0.005+0.003)

11 J1-10 > % 0 Solid cut

12 HI1-A2 Al1-A2 | Line9,10,12 0.011 0.22
(0.005-+0.003+0.003)

13 HI1-El EO-E1 | Line8,9,10,13 0.015 0.23

(0.005+0.005+0.003+0.002)

14 E1-Bl B0-B1 | Line7,9, 10, 13, 14 0.018 0.24

(0.005+0.005+0.003+0.002+0.003)

15 E1-H2 H1-H2 | Linel3, 15 0.004 0.21
(0.002+0.002)

16 H2-E2 E1-E2 | Linel5, 16 0.003 0.21
(0.002+0.001)

17 E2-B2 B1-B2 | Linel4, 15, 16, 17 0.007 0.21

(0.003+0.002+0.001+0.001)




d’ o 1 d‘ dy d' % 1
MTNN 5.1 ﬁWiNﬂTL!'Jﬂ!ﬂWﬂ’NiJﬂﬁWﬂlﬂﬁ@um@ﬂlu@Iﬁﬂ%ﬂIﬂuﬁﬂﬂ@ﬂVl‘]J (%9)
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Line. | Machining Node Line Involved in Basic
+Tol./2
No. Sequence | Involved | Rooted-Tree Graph (Tolerance Stack) Size
18 H2-A3 A2-A3 | Linel2, 13,15, 18 0.008 0.22
(0.003+0.002-+0.002+0.001)
19 E2-12 J1-J2 | Linelo0, 13, 15, 16, 19 0.010 0.22
(0.003+0.002+0.002+0.001+0.002)
20 E2-G1 GO0-G1 | Line5, 4,9, 10, 13,15, 16, 20 0.030 0.26
(0.010+0.005+0.005+0.003-+0.002+
0.002+0.001+0.002)
21 E2-D0 - - 0 Solid
cut
22 H2-A4 A3-A4 | Linel8, 22 0.004 0.21
(0.001+0.003)
23 A4-F1 FO-F1 | Line6, 5,4,9, 10, 13, 15, 22,23 0.045 0.29

(0.010+0.010+0.005+0.005+0.003+

0.002+0.002+0.003+0.005)




~ I o 1 4 Aana Qy 4
AN 5.2 ulumimuammmmmmmﬁauﬂlmwﬂmmu%mmiuﬁﬂuﬂ

&3

Y v |
Resultant 910VUIAYAFIUATUUUUYUIU ﬁ?iJWiﬂﬁWH?ﬂ!‘lJHWﬂllﬂﬁﬁ"luﬂQﬂhﬂqﬁ}Wﬁﬂ\igﬂﬁ 53

v 9 H
Falddmiumuiumuuayag uunzdn (working dimension) TunaaziuneuRInIT 1NN 5.3

A4
B2
Co
DO
E2
F1

Gl
Hl
10

2

A4 Gl HI 10 12
0 @ @ 39 56 60 75
§ 11 14 29 46 50 65
@ 50 36 @ 24 41 45 60
18 -8 30 @ 6 21 38 4 57
@ 11 -6 @ 0 3 18 35 39 54
2 -4 (9 6 3 @ 32 36 5l
39 29 24 21 -8 @ 0 @ 21 36
56 -46 -4l =38 35 19
60 50 55 =52 -49 46 31 @
75 .65 -60 -5 -54 -51 36 -19 @ 0

v 9 v Y
51 533 nuayaguvessunun ldnauuusuay
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AT NN 5.2@15NﬁTL!’JfL!ﬂ1ﬂ’)13JﬂﬁWQLﬂﬁﬂu"ll’é]\‘ﬁJﬁsluuUU‘]Suﬂu

&4

Blueprint Line Involved in Total
e Dimension Rooted-Tree Graph (Tolerance Stack) (£Tol./2)

A4-B2 Line22, 16, 17 0.005
1 (0.003+0.001+0.001)
2 A4-CO Line22, 15, 13, 10,9, 4,2, 3 0.055

(0.003+0.002+0.002+0.003+0.005+0.005+0.005+0.030)

DO0-E2 Line21 0.004
: (0.004)

A4-E2 Linelo, 22 0.004
* (0.001+0.003)

CO-F1 Line3, 2, 4,9, 10, 13, 15, 22, 23 0.060
5 (0.030+0.005+0.005+0.005+0.003+0.002+0.002+0.003

+0.005)

F1-Gl Line23, 22, 16, 20 0.011
° (0.005+0.003+0.001+0.002)

GI1-H2 Linel6, 20 0.003
’ (0.001+0.002)

H2-10 Linel5, 13, 10, 11 0.017
; (0.002+0.002+0.003+0.010)

10-J2 Linell, 10, 13, 15, 16, 19 0.020
’ (0.010+0.003+0.002+0.002+0.001+0.002)




A1519%N 5,305 UAAINMTATUIN Working Dimension
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Line. | Machining Method of calculate Working Dimension Working

No. Sequence [Basic size| +/- (Basic size of stock removal,Cut No.) Dimension

23 A4-F1 |A4-F1|+0 24.00
124]

22 H2-A4 | [H2-A4/+0 56.00
-56|

21 E2-D0 [E2-D0| + 0 3.00
-3

20 E2-G1 [E2-G1|+0 18.00
18]

19 E2-12 [E2-J2| + 0 54.00
|54

18 H2-A3 [H2-A4| + (A4-A3,22) 56.21
|-56] +0.21

17 E2-B2 |[E2-B2| +0 11.00
-11]

16 H2-E2 [H2-E2| + 0 35.00
-35|

15 E1-H2 |[E2-H2| + (E2-E1,16) 35.21
35| +0.21

14 E1-Bl |[E2-B2| +((E2-E1,16)-(B2-B1,17)) 11.00
[-11] +(0.21+0.21)

13 HI1-E1l [H2-E2| +((H2-H1,15)+ (E2-E1,16)) 35.42
[-35] +(0.21+0.21)

12 HI1-A2 | [H2-A4| + ((H2-H1,15)+(A4-A3,22)+(A3-A2,18)) 56.64
[-56] + (0.21+0.21+0.22)

11 JI-10 |J2-10| + (J2-J1,19) 15.22

15 +0.22




A1519% 5.3A1519UFAINITAIUIN Working Dimension (A0)
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Line. | Machining Method of calculate Working Dimension Working
No. Sequence [Basic size| +/- (Basic size of stock removal,Cut No.) Dimension

10 J1-HI1 [J2-H2| + ((J2-J1,19) -(H2-H1,15)) 19.01
[-19] +(0.22 - 0.21)

9 Al-J1 |A4-12| + ((A4-A3,22)+(A3-A2,18)+(A2-A1,12)+(J2- 75.87
J1,19))
|75] +(0.21+0.22+0.22+0.22)

8 A1-E0 |A4-E2| + ((A4-A3,22)+(A3-A2,18)+(A2-A1,12)-(E2- 21.21
E1,16)-(E1-E0,13)
[21] + (0.21+0.22+0.22-0.21-0.23)

7 A1-BO |A4-B2| + ((A4-A3,22)+(A3-A2,18)+(A2-A1,12)-(B2- 10.20
B1,17)-(B1-B0,14))
[10] + (0.21+0.22+0.22-0.21-0.24)

6 GO-FO |G1-F1] + ((G1-G0,20)-(F1-F0,23)) 14.97
[-15] +(0.26-0.29)

5 HO-GO | [H2-G1]| + (-(H2-H1,15)+(H1-HO0,10)+(G1-G0,20)) 16.72
[-17] + (-0.21+0.23+0.26)

4 HO-Al | [H2-A4| + ((H2-H1,15)-(H1-HO0,10)+((A4-A3,22)+(A3- 56.63
A2,18)+(A2-A1,12)
[-56] + (0.21-0.23+0.21+0.22+0.22)

3 J0-CO [72-CO| + ((J2-J1,19)+(J1-J0,9)) 60.45
[-60| +(0.22+0.23)

2 JO-HO [J2-H2| + ((J2-J1,19)+(J1-J0,9)-(H2-H1,15)+(H1-HO0,10)) 19.47
[-19] + (0.22+0.23-0.21+0.23)

1 A0-JO |A4-12| + ((A4-A3,22)+H(A3-A2,18)+(A2-A1,12) )+(Al- 76.35

A0,4)+(J2-J1,19)+(J1-J0,9))

|75] +(0.21+0.22+0.22+0.25+0.22+0.23)
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(basic machining processes) Taemnzed1989nINas (turning operation) HazMsiNesiy

(grinding operation)
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A5 190N 1 LLﬁmﬂwmmmmmmmﬁmmﬁ@umm;«;mmmmmﬂy‘agmmzm 0-3150 mml)(ISO 286-2)

Basic Size Standard tolerance grades
mm IT1? | 1m2? [ 1r3? [ 1m4? [ 1r5? | 116 | 117 | 118 | 119 [ 1110 | IT11 | 1mi2 | 1m13 | 1T14” | 11157 | 1T16” | 1T177 | IT18Y
Above Up to and Tolerances
including pm mm
- 39 0.8 12 2 3 4 6 10 14 25 40 60 0.1 0.14 | 025 0.4 0.6 1 1.4
3 6 1 1.5 2.5 4 5 12 18 30 48 75 0.12 | 0.18 0.3 048 | 0.75 12 1.8
6 10 1 1.5 2.5 4 6 9 15 22 36 58 90 0.15 | 022 | 036 | 0.8 0.9 1.5 2.2
10 18 12 2 3 5 8 11 18 27 43 70 110 | 018 | 027 | 043 0.7 1.1 1.8 2.7
18 30 1.5 2.5 4 6 9 13 21 33 52 84 130 | 021 | 033 | 052 | 0.84 1.3 2.1 33
30 50 1.5 2.5 4 7 11 16 25 39 62 100 160 | 025 | 039 | 0.62 1 1.6 2.5 3.9
50 80 2 3 5 8 13 19 30 46 74 120 190 0.3 046 | 0.74 12 1.9 3 4.6
80 120 2.5 4 6 10 15 22 35 54 87 140 220 | 035 | 054 | 0.87 1.4 22 3.5 5.4
120 180 3.5 5 8 12 18 25 40 63 100 160 250 0.4 0.6 1 1.6 2.5 4 6.3
180 250 4.5 7 10 14 20 29 46 72 115 185 290 | 046 | 072 | 1.15 | 1.85 2.9 4.6 7.2
250 315 6 8 12 16 23 32 52 81 130 210 320 | 052 | 0.81 1.3 2.1 3.2 5.2 8.1
315 400 7 9 13 18 25 36 57 89 140 230 360 | 057 | 0.89 1.4 2.3 3.6 5.7 8.9
400 500 8 10 15 20 27 40 63 97 155 250 400 | 0.63 | 097 | 155 2.5 4 6.3 9.7
500 630? 9 11 16 22 32 44 70 110 175 280 440 0.7 1.1 1.75 2.8 4.4 7 11
630 8007 10 13 18 25 36 50 80 125 200 320 500 0.8 1.25 2 3.2 5 8 12.5
800 1000% 11 15 21 28 40 56 90 140 230 360 560 0.9 1.4 2.3 3.6 5.6 9 14
1000 1250% 13 18 24 33 47 66 105 165 260 420 660 1.05 | 165 2.6 42 6.6 105 | 16.5
1250 16007 15 21 29 39 55 78 125 195 310 500 780 125 | 195 3.1 7.8 12.5 19.5
1600 2000% 18 25 35 46 65 92 150 230 370 600 920 1.5 2.3 3.7 6 9.2 15 23
2000 25007 22 30 41 55 78 110 175 380 440 700 | 1100 | 1.75 2.8 4.4 11 17.5 28
2500 31507 26 36 50 68 96 135 210 330 540 860 | 1350 | 2.1 33 5.4 8.6 13.5 21 33

1) Value for standard tolerance grades ITO1 and ITO for basic sizes less than or equal to 500 mm are given in annex A table 5.

2) Value for standard tolerance grades IT1 and IT5 (incl.) for basic sizes over 500 mm are included for experimental use.
3) Standard tolerance grades IT14 and IT18 (incl.) shall not be used for basic sizes less than or equal to 1 mm.
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2.3.4 Dimension Design Worksheet
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> Between faces 2 Between faces
No. Basic size +Tol/2 No. Basic size +Tol/2
From ] To 3 From To
4 1 4 | 1 A -
A
5 2 5 z 5
C
6 3 6 3 D
A B c D E F G H I J K L M N Poa
Blueprint dimensions Number Units
p << Back || Next >> Explanation
5 Between faces of surface|  mm
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From To 4 The workpiec
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Y H 9
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9 OK Cancel
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Dperation . Reterence
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7 1 10 A 001 [+] k3 The workpiece
g 2 10 C B
El 3 10 D .r\ =
) a 20 5 m!
n 5 20 ( A

[ 30 C B
13 o B c
4 8 50 - -
15 9 a0
% 10 70
L 11 an hilling M/ *] 0000 B c
8 12 90 0.000 C B
1% 3 00 0.000
) ) ] C o

(v.)

v 9 Y
31 2.5(n.) naoadennudmsuladanduasumsaazuan

g; v 9 o w o £ Ay a 4
(v.) wmumﬂﬁ%uyamﬂummmmmmmmmmﬁw
v 9

a d‘ 9 = [IRY [
6.!LﬁﬂQLLNH{]Mﬂ’J"IiJﬂﬁW]!ﬂﬁ@quiﬂlﬂyjﬁﬂmmﬁﬂﬂ‘ﬂﬂﬂ @Ngﬂ 2.6

Y



102

jr] E E [ B R DO S TV Y S

Tolerance chart
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Tolerance chart

A B
OP Reference Working Dim. Stock Removal
Machine used

No. Cut Basic | *Tol/2 Basic | +Tol/2
DO 0.00 0.000 0.00 Solid Cut
Turning M/C Co 24.56 0.008 0.00 Solid Cut
Turning M/C BO 13.42 0.008 2 0.00 Solid Cut
Turning M/C A0 50.55 0.008 0.00 Solid Cut

Turning M/C B1 12.89 0.008 q 0.53 0.016

Turning M/C Al 25.44 0.008 5 0.55 0.024

Grinding M/C B2 12.66 0.005 6 0.23 0.013

Grinding M/C C1 12.44 0.005 7 022 0.010

- - 0.00 0.000 0.00 0.000

- - 0.00 0.000 0.00 0.000

- - 0.00 0.000 0.00 0.000

Grinding M/C 2 12.22 0.005 11 022 0.010

Grinding M/C B3 12.00 0.005 12 0.22 0.010

- - 0.00 0.000 0.00 0.000

Bule Print Result

Basic | +Tol/2 Basic | +Tol/2

13.00 0.120 13.00 0.023

12.00 0.020 12.00 0.005

50.00 0.050 50.00 0.016

51 a a A
N 2.7LLWHQ3J?]’J'13J?]’§H@H?‘IQ’E]H

Y
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dauvesmsmuuanuls(Global variables)

Public Type Dimension
From As String
To As String
Basic As Single
Tolerance As Single
mc As String
OP As Long
End Type
Public Stc() As Integer
Public part() As String, finalP() As String, finalBP() As String, surf() As String
Public NoSurf As Integer, NoSque As Integer
Public TolP() As Variant
Public TolBP() As Single, StockRB() As Single, DivBStc() As Single
Public BP() As Dimension
Public BPN() As Dimension
Public SQIn() As Dimension
Public SQInN() As Dimension
Public GenBP() As Single
Public BasicCut() As Single
Public NoNode() As Integer
Public DirectionC() As Integer

aauvessudeya(input Module)

Sub ClosePG()
ActiveWorkbook.Save
ActiveWorkbook.Close

End Sub

Sub NextPG()
data = MsgBox("Sketch The Workpiece", vbYesNo, "Tolerance Charting")
If data = 7 Then
ActiveWorkbook.Save
ActiveWorkbook.Close
Else
Sheets("create picture").Select
End If
End Sub

Sub CP_letf()

With Selection.Borders(xlEdgeLeft)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = xIMedium

End With

With Selection.Interior
Pattern = x1Solid
PatternColorIndex = x]Automatic
.ThemeColor = xIThemeColorDark2
.TintAndShade =0
PatternTintAndShade = 0
End With
End Sub

Sub CP_rigth()
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With Selection.Borders(xlEdgeRight)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = xIMedium

End With

With Selection.Interior
Pattern = x1Solid
PatternColorIndex = x]Automatic
.ThemeColor = xIThemeColorDark2
.TintAndShade =0
PatternTintAndShade = 0
End With

End Sub
Sub CP_top()

With Selection.Borders(x1EdgeTop)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = xIMedium

End With

With Selection.Interior

Pattern = x1Solid
PatternColorIndex = x]Automatic
.ThemeColor = xIThemeColorDark2
.TintAndShade =0
PatternTintAndShade = 0
End With
End Sub

Sub CP_clear()
Selection.Borders(xIDiagonalDown).LineStyle = xINone
Selection.Borders(x1DiagonalUp).LineStyle = xINone
Selection.Borders(x1EdgeLeft).LineStyle = xINone
Selection.Borders(xIEdgeTop).LineStyle = xINone
Selection.Borders(xIEdgeBottom).LineStyle = xINone
Selection.Borders(x1EdgeRight).LineStyle = xINone
Selection.Borders(xlInsideVertical).LineStyle = xINone
Selection.Borders(xlInsideHorizontal).LineStyle = xINone
With Selection.Interior
.Pattern = xISolid
.PatternColorIndex = x]Automatic
.ThemeColor = xIThemeColorDark1
.TintAndShade = 0
PatternTintAndShade = 0
End With
End Sub

Sub CP_bottom()

With Selection.Borders(xIEdgeBottom)
.LineStyle = xlContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIMedium

End With

With Selection.Interior




107

Pattern = x1Solid
PatternColorIndex = x]Automatic
.ThemeColor = x]ThemeColorDark2
.TintAndShade =0
PatternTintAndShade = 0
End With
End Sub

Sub CP_centerline()
With Selection.Borders(xIEdgeBottom)
.LineStyle = xIDashDot
.Color =-16776961
.TintAndShade = 0
.Weight = xIMedium
End With
End Sub

Sub CP_Outside()
Selection.Borders(x1DiagonalDown).LineStyle = xINone
Selection.Borders(x1DiagonalUp).LineStyle = xINone
With Selection.Borders(x|EdgeLeft)

.LineStyle = xlContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = xIMedium
End With
With Selection.Borders(xIEdgeTop)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIMedium
End With
With Selection.Borders(xlEdgeBottom)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = xIMedium
End With
With Selection.Borders(xlEdgeRight)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIMedium
End With
Selection.Borders(xlInsideVertical).LineStyle = xINone
With Selection.Interior
Pattern = xI1Solid
PatternColorIndex = xlAutomatic
.ThemeColor = xIThemeColorDark?2
.TintAndShade = 0
.PatternTintAndShade = 0
End With
End Sub

Sub Cp_pt()
Application.ScreenUpdating = False

Sheets("Create Surface Cut").Select
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Range("Picture2").Select

Selection.Copy
Sheets("Dimension Design").Select
ActiveSheet.Shapes.Range(Array("PP")).Select
Selection.Delete
Range("PT_S3").Select
ActiveSheet.Pictures.Paste(Link:=True).Select
Selection.Name = ("PP")

Sheets("'Sqeunce Operation").Select
ActiveSheet.Shapes.Range(Array("PP")).Select
Selection.Delete
Range("PSS").Select
ActiveSheet.Pictures.Paste(Link:=True).Select
Selection.Name = ("PP")

Sheets("Tolerance Chart").Select
Range("PictureTC").Select
Selection.PasteSpecial Paste:=xIPasteAllUsingSourceTheme, Operation:=xINone _
, SkipBlanks:=False, Transpose:=False
Application.CutCopyMode = False
Application.ScreenUpdating = True
End Sub

Sub TransferPT1()
Dim rng, rngl As Variant
Application.ScreenUpdating = False
Set rng = Sheets("Create Picture").Range("C4:BC33")
mg.Copy
Set rngl = Sheets("Create Surface Cut").Range("C4")
rngl.PasteSpecial Paste:=xIPasteAllUsingSourceTheme, Operation:=xINone
, SkipBlanks:=False, Transpose:=False
Application.CutCopyMode = False
Application.ScreenUpdating = True
End Sub

Sub CreateTable()
Application.ScreenUpdating = False
Dim Dell As Variant
Dim rng As Variant
Dim i As Integer
Dim j As Integer
'audim
Set Dell = Range(Sheets("dimension design").Range("No_dim").Offset(1, 0), _
Sheets("dimension design").Range("No_dim").Offset(1, 0).End(xIDown))
Set Dell = Dell.Resize(Dell.Rows.count, 7)
Dell.clear
SS = Sheets("Dimension Design").Range("ss").Value
Set rng = Sheets("Dimension Design").Range("No_dim").Offset(1, 0).Resize(SS - 1, 1)
Fori=1ToSS-1
rng(i).Value =1
Next i
Set rng = Range(rng, rng.Offset(0, 4))
With rng
.Font.Name = "TH SarabunPSK"
.Font.Size = 16
.Horizontal Alignment = xICenter
.Vertical Alignment = xlCenter
End With
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With rng.Borders
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = x1Thin
End With
Set rng = rng.Offset(0, 3)
rng.NumberFormat = "0.00"
Set rng = rng.Offset(0, 1)
rng.NumberFormat = "0.000"
Call Validate FT
Sheets("Dimension Design").Select
Application.ScreenUpdating = True
End Sub

Private Sub Validate FT()
Dim rng As Variant
Set rng = Range(Sheets("dimension design").Range("No_dim").Offset(1, 0), _
Sheets("dimension design").Range("No_dim").Offset(1, 0).End(xIDown))
Set rng = rmg.Offset(0, 1).Resize(rng.Rows.count, 2)

With rng.Validation
.Delete
.Add Type:=xIValidateList, AlertStyle:=xIValidAlertStop, Operator:= __
x|Between, Formulal:="=_ SurfW"

JIgnoreBlank = True
.InCellDropdown = True
InputTitle =""
.ErrorTitle =""
JInputMessage =""
.ErrorMessage =""
.ShowInput = True
.ShowError = True
End With
End Sub
Sub CreateSque()
Application.ScreenUpdating = False
Dim Del2 As Variant
Dim i, n() As Integer
Dim rng As Variant
Set Del2 = Range(Sheets("sqeunce operation").Range(" NO").Offset(1, 0),
Sheets("sqeunce operation").Range(" NO").Offset(1, 0).End(xIDown))
Set Del2 = Del2.Resize(Del2.Rows.count, 7)
Del2.clear
NoSque = Sheets("Sqeunce Operation").Range("No_s").Value
ReDim n(NoSque)
Set rng = Sheets("Sqeunce Operation").Range("No_")
Set rng = rng.Resize(NoSque, 6)
With rng
.Font.Name = "TH SarabunPSK"
.Font.Size = 16
.Horizontal Alignment = xICenter
.Vertical Alignment = xlCenter
End With
With rng.Borders
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
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.Weight = xIThin
End With
Set rng = rng.Resize(NoSque, 1)
Fori=1 To NoSque
rng.Cells(i) =i
Next
Call ValidateSQ

Application.ScreenUpdating = True
End Sub

Private Sub ValidateSQ()
Application.ScreenUpdating = False
Dim rngl As Variant

Dim rng2 As Variant

Sheets("create surface cut").Select
Range(Sheets("create surface cut").Range("Surf begin").Offset(1, 0),
Sheets("create surface cut").Range("Surf begin").End(xIDown)).Select

ActiveWorkbook.Names.Add Name:="_SurfSQ", RefersToR1C1:=Selection
Sheets("Sqeunce Operation").Select
Sheets("Sqeunce Operation").Range("No_").Select
Range(Selection, Selection.End(xIDown)).Select
Range(Selection, Selection.Offset(0, 5)).Select

Selection.Validation.Delete
Sheets("Sqeunce Operation").Range("No_").Select
Range(Selection, Selection.End(xIDown)).Offset(0, 2).Select

With Selection.Validation

.Delete
.Add Type:=x1ValidateList, AlertStyle:=xIValidAlertStop, Operator:=
x1Between, Formulal:="= MC"

JIgnoreBlank = False

.InCellDropdown = True

JInputTitle =""

.ErrorTitle =""

InputMessage = "Select machine used"

.ErrorMessage =""

.ShowInput = True

.ShowError = True

End With
Sheets(""Sqeunce Operation").Range("No_").Select
Range(Selection, Selection.End(x1Down)).Offset(0, 4).Select
Range(Selection, Selection.Offset(0, 1)).Select
With Selection.Validation

.Delete
.Add Type:=x1ValidateList, AlertStyle:=xIValidAlertStop, Operator:=
xIBetween, Formulal:="=_SurfSQ"

JIgnoreBlank = False
InCellDropdown = True
JInputTitle =""
.ErrorTitle =""
JInputMessage = "select surface of cut"
.ErrorMessage =""
.ShowInput = True
.ShowError = True
End With
Range("No_").Select
Selection.Offset(0, 3).Select
Set rng2 = Selection.Resize(Sheets("Sqeunce Operation").Range("No _s").Value, 1)
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rng2.NumberFormat = "0.000"
Fori=1 To rng2.Rows.count
rng2.Cells(i) =0
Next
Application.ScreenUpdating = True
End Sub

Sub LineNo()
Application.ScreenUpdating = False

Call SetupBP

Call DelTable2

Call CreatTable2

Call Title

Call BluePrint
Application.ScreenUpdating = True
End Sub

Sub CreatTable2()
Application.ScreenUpdating = False
Dim rng As Variant
Dim rngl As Variant
NoSque = Sheets("Sqeunce Operation").Range("No_s").Value
Set rngl = Sheets("Tolerance Chart").Range(" LineNo").Offset(1, 0)
Set rngl = rngl.Resize(NoSque + 1, 1)
Set rngl = rngl.Resize(NoSque + 2, 6)
With rngl
.Font.Name = "TH SarabunPSK"
.Font.Size = 16
.Horizontal Alignment = xICenter
.Vertical Alignment = xlCenter
End With
With rng1.Borders
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = x1Thin
End With
Set rngl = rngl.Offset(0, 4).Resize(NoSque + 1, 1)
rngl.NumberFormat = "0.00"
Set rngl = rng1.Offset(0, 1)
rngl.NumberFormat = "0.000"
Set rngl = rng1.Offset(0, 1).Resize(NoSque + 2, 53)
With rngl.Borders(xIEdgeLeft)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = x1Thin
End With
With rngl.Borders(xlEdgeRight)
.LineStyle = xlContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
With rngl.Borders(xlEdgeTop)
.LineStyle = xIContinuous
.ColorIndex =0
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.TintAndShade = 0
.Weight = xIThin
End With
With rngl.Borders(xIEdgeBottom)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = x1Thin
End With
With rngl.Borders(xlInsideHorizontal)
.LineStyle = xIDot
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
Set rngl = rngl.Offset(0, 53).Resize(NoSque + 2, 2)
With rngl
.Font.Name = "TH SarabunPSK"
.Font.Size = 16
.Horizontal Alignment = xlCenter
.Vertical Alignment = xlCenter
End With
With rngl.Borders
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
Set rngl = rngl.Resize(NoSque + 1, 1)
rngl.NumberFormat = "0.00"
Set rngl = rngl.Offset(0, 1)
rngl.NumberFormat = "0.000"
Application.ScreenUpdating = True
End Sub

Sub DelTable2()

' 3
AUAUAITN

Dim rng As Variant
Set rng = Sheets("Tolerance Chart").Range(" LineNo").Offset(1, 1)
Set rng = rng.Resize(Sheets("Sqeunce Operation").Range("No_s").Value, 61)
rng.clear
End Sub

Sub Title()
Dim rng As Variant

NoSque = Sheets("Sqeunce Operation").Range("No_s").Value

Set rng = Sheets("Tolerance Chart").Range(" Title")

rng.cut Destination:=Sheets("Tolerance Chart").Range(" WBasic").Offset(NoSque + 3, 0)
End Sub

Sub SetupBP()
Dim rngl As Variant
Call DelBP
Set rngl = Sheets("Tolerance Chart").Range(" Title")
rngl.cut Destination:=Range("_ SetTT").Offset(0, 1)
End Sub
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Sub BluePrint()
Dim rng As Variant
Dim rngl As Variant
Dim rng2 As Variant
Dim Rng3 As Variant
Dim rng4 As Variant
NoSurf = Sheets("Dimension Design").Range("ss").Value
Set rng2 = Sheets("Dimension Design").Range("No_dim").Offset(1, 3)
Set rng2 = rng2.Resize(NoSurf - 1, 2)
Set Rng3 = Sheets("Tolerance Chart").Range(" BPBasic").Offset(1, 0)
Set Rng3 = Rng3.Resize(NoSurf, 2)
With Rng3
.Font.Name = "TH SarabunPSK"
.Font.Size = 16
.Horizontal Alignment = xICenter
.Vertical Alignment = xlCenter
End With
With Rng3.Borders
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = x1Thin
End With
Set rng = Rng3.0ffset(0, 2).Resize(NoSurf, 53)
With rng.Borders(x1EdgeLeft)
.LineStyle = xlContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
With rng.Borders(x1EdgeRight)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
With rng.Borders(x1EdgeTop)
.LineStyle = xlContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
With rng.Borders(x1EdgeBottom)
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade = 0
.Weight = x1Thin
End With
With rng.Borders(xlInsideHorizontal)
.LineStyle = xIDot
.ColorIndex =0
.TintAndShade =0
.Weight = xIThin
End With
Set rng4 = Sheets("Tolerance Chart").Range(" RBasic").Offset(1, 0)
Set rng4 = rng4.Resize(NoSurf, 2)
With rng4
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.Font.Name = "TH SarabunPSK"
.Font.Size = 16
.Horizontal Alignment = xlCenter
.Vertical Alignment = xlCenter
End With
With rng4.Borders
.LineStyle = xIContinuous
.ColorIndex =0
.TintAndShade =0
.Weight = x1Thin
End With
Set rng = Rng3.Resize(NoSurf, 1)
rng.NumberFormat = "0.00"
Set rng = rng.Offset(0, 1)
rng.NumberFormat = "0.000"
Set rng = rng4.Resize(NoSurf, 1)
rng.NumberFormat = "0.00"
Set rng = rng.Offset(0, 1)
rng.NumberFormat = "0.000"
Set Rng3 = Rng3.Resize(NoSurf - 1, 2)
Set rng4 = rng4.Resize(NoSurf - 1, 1)
Rng3.Value = rng2.Value
rng4.Value = Rng3.Resize(NoSurf - 1, 1).Value
End Sub

Sub DelBP()
Dim rngl As Variant
Dim a As Integer
On Error GoTo ErrV
Set rngl = Sheets("Tolerance Chart").Range(" BPBasic").Offset(1, 0)
Set rngl = Range(rngl, rng1.End(xIDown))
a=1
a=a+ mgl.Rows.count
Set rngl = rngl.Resize(a, 59)
rngl.clear
ErrV:
a=1
End Sub

Sub SurfW()
Application.ScreenUpdating = False
Dim rng As Variant
Dim i As Integer
Set rng = Sheets("create surface cut").Range(" SurfcW")
rng.Value = SurfCW
NoSurf = SurfCW
If NoSurf= 0 Then
End
End If
ReDim surf(NoSurf)
Set rng = Range(Sheets("create surface cut").Range("Surf begin").Offset(2, 0),
Sheets("create surface cut").Range("Surf begin").Offset(2, 0).End(xIDown))
rng.clear
Set rng = rng.Resize(NoSurf, 1)
With rng
.Font.Name = "TH SarabunPSK"
.Font.Size = 12
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.Horizontal Alignment = xICenter
.Vertical Alignment = xICenter
End With
Fori=1 To NoSurf
surf(i) = Chr(i + 64)
rng.Cells(i) = surf(i)
Next i
Sheets("create surface cut").Select
rng.Select
ActiveWorkbook.Names.Add Name:="_ SurfW", RefersToR1C1:=Selection
Sheets("create surface cut").Range("Surf begin").Select
Application.ScreenUpdating = True
End Sub

davesmsmaulunnugiinnunanaen(Tolerance Chart Module)

Sub NewCut()
Dim n() As String, H() As String, g As String
Dimi As Integer, j As Integer, r As Integer, ¢ As Integer, T As Integer, K() As Integer
Dim FromS As String, ToS As String
Dim a() As String, b() As String
Dim strArrayP() As String
Dim intCount As Integer
Dim rng As Variant
NoSurf = Sheets("Dimension Design").Range("ss").Value
NoSque = Sheets("Sqeunce Operation").Range("No_s").Value
ReDim H(NoSque)
ReDim n(NoSque)
ReDim SQIn(NoSque)
ReDim BP(NoSurf)
ReDim BPN(NoSurf)
ReDim surf(NoSurf)
ReDim SQInN(NoSque)
ReDim part(NoSque)
ReDim finalP(NoSque)
ReDim finalBP(NoSurf)
ReDim TolP(NoSque)
ReDim TolBP(NoSurf)
ReDim NoNode(NoSurf)
ReDim StockRB(NoSque)
ReDim DirectionC(NoSque)
ReDim DivBStc(NoSque)
ReDim K(NoSque)
Fori=1 To NoSurf
surf(i) = Chr(i + 64)
Next i
SQIn(0).From = "Root"
SQIn(0).To = Sheets("sqeunce operation").Range(" RefCut").Offset(1, 0)
Fori=1 To NoSque
SQIn(i).OP = Sheets("sqeunce operation").Range(" OP").Offset(i, 0)
SQIn(i).From = Sheets("sqeunce operation").Range(" RefCut").Offset(i, 0)
SQIn(i).To = Sheets("sqeunce operation").Range(" FacCut").Offset(i, 0)
SQIn(i).mc = Sheets("sqeunce operation").Range(" MC inp").Offset(i, 0)
SQIn(i).Tolerance = Sheets("sqeunce operation").Range(" Tol").Offset(i, 0)
Next
Call BasicBP
Fori=1 To NoSque
SQIn(i).Basic = Basic(SQIn(i).From, SQIn(i).To)
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K@{i)=0
If SQIn(i). Tolerance = 0 Then
SQInN(i).Tolerance = ToIMC(SQIn(i).mc, Basic(SQIn(i).From, SQIn(i).To), K(i))
Else
SQInN(i).Tolerance = SQIn(i). Tolerance
End If
Next
Fori=1 To NoSurf- 1
BP(i).From = Sheets("dimension design").Range("No_dim").Offset(i, 1)
BP(i).To = Sheets("dimension design").Range("No_dim").Offset(i, 2)
BP(i).Basic = Sheets(""dimension design").Range("No_dim").Offset(i, 3)
BP(i).Tolerance = Sheets("dimension design").Range("No_dim").Offset(i, 4)
Next i
r=0
Forj=1 To NoSurf
S=0
For i=0 To NoSque
If SQIn(i).To ="-" Then
SQInN(i).To ="-"
Elself SQIn(i).To = surf(j) Then
SQInN(i).To = SQIn(i).To & S
S=S+1
End If
Next i
For ¢ =1 To NoSurf - 1
If BP(c).From = surf{(j) Then
BPN(c).From = BP(c).From & S - 1
End If
If BP(c).To = surf(j) Then
BPN(c).To=BP(c).To& S - 1
End If
Next ¢
NoNode(j) =S
Next j
For i=0 To NoSque
n(i) = SQInN(i).To
H(i) = Left(n(i), 1)
Next
For ¢ =0 To NoSque
r=c+1
If H(c) ="-" Then
SQInN(c).From ="-"
r=r+1
Else
Do Until r = NoSque + 1
If SQIn(r).From = H(c) Then
SQInN(r).From = SQInN(c).To
End If
r=r+1
Loop
End If
Next
SQInN(0).From = "Root"
For 1= 0 To NoSque
Next
For i=0 To NoSque
If SQInN(i).From = "Root" Then
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part(i) = SQInN(i).To & " "
Elself SQInN(i).From = "-" Then
part(i) = SQInN(i).To
Elself SQInN(i).From <> "Root" Then
Forj=0Toi

If SQInN(i).From = SQInN(j).To Then
part(i) = SQInN(i).To & " " & part(j)

End If
Next j
End If
Next i
For r =0 To NoSque
If Right(SQInN(r).To, 1) = 0 Then
finalP(r)=""
TolP(r) = "Solid Cut"
Elself SQInN(r).From = "-" Then
finalP(r)=""
TolP(r)=0
Elself Right(SQInN(r).To, 1) <>0 Then
For i=0 To NoSque
If SQInN(r).To = Left(part(i), 2) Then
FromS = part(i)
T = Right(SQInN(r).To, 1)
g = Left(SQInN(r).To, 1) & T - 1
End If
Next
For j =0 To NoSque
If g = Left(part(j), 2) Then
ToS = part(j)
End If
Next
finalP(r) = Comp1(FromS, ToS)
TolP(r) = CalTol(finalP(r))
If K(r) >4 Then
StockRB(r) = 0.5 + 2 * (TolP(r))
Else
StockRB(r) = 0.2 +2 * (TolP(r))
End If
End If
Nextr
For c=1 To NoSurf - 1
For i=0 To NoSque
If BPN(c).From = Left(part(i), 2) Then
FromsS = part(i)
End If
Next
For j =0 To NoSque
If BPN(c).To = Left(part(j), 2) Then
ToS = part(j)
End If
Next
finalBP(c) = Comp1(FromS, ToS)
TolBP(c) = CalTol(finalBP(c))
Next
Call MakeTree
Call ShowArrow
Call FineBasicCut
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Call ShowTC
End Sub

Sub MakeTree()

Dim rng As Variant
Set rng = Range("RootNode").CurrentRegion
rng.ClearContents
DrawNode2 SQInN(1).From, 0, 0

End Sub

Sub DrawNode2(ByRef header As String, ByRef row As Integer, ByRef depth As Integer)
Range("RootNode").Offset(row, depth) = header
Dim r As Integer
Forr=1 To NoSque
If SQInN(r).From = header Then
row =row + 1
Range("RootNode").Offset(row, depth) = Chr(149)
DrawNode2 SQInN(r).To, row, depth + 1
End If
Next
End Sub

Function Comp1(ByVal F As String, ByVal T As String) As String
Dim strArrayF() As String, strArrayT() As String
Dim intCount As Integer, ¢ As Integer
Dim a(50) As String, b(50) As String, n As String, m As String, D As String
strArrayF = Split(F, " ")
strArrayT = Split(T, " ")
For i = LBound(strArrayF) To UBound(strArrayF)
a(i) = Trim(strArrayF(i))
Next
For j = LBound(strArrayT) To UBound(strArrayT)
b(j) = Trim(strArrayT(j))
Next
c=1
For i = LBound(strArrayF) To UBound(strArrayF)
For 1 = LBound(strArrayT) To UBound(strArrayT)
If a(i) = b(j) Then

c=0
End If
Next
If c=1 Then
n=a(i)&""&n
End If
Next
c=1

For j = LBound(strArrayT) To UBound(strArrayT)
For i = LBound(strArrayF) To UBound(strArrayF)
If a(i) = b(j) Then

c=0
End If
Next
If c=1 Then
m=b(j)&"" &m
End If

Next
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D=n&"" &m
Compl = Trim(D)
End Function

Function CalTol(ByVal PT As String) As Single
Dim strArrayP() As String
Dim i As Integer, j As Integer
Dim a() As String
strArrayP = Split(PT, " ")
ReDim a(UBound(strArrayP))
For i = LBound(strArrayP) To UBound(strArrayP)
a(i) = Trim(strArrayP(i))
For j =0 To NoSque
If a(i) = SQInN(j).To Then
CalTol = SQInN(j).Tolerance + CalTol
End If
Next
Next
End Function

Function ToIMC(ByVal mc As String, ByVal Bs As Single, ByRef K As Integer) As Single
If mc = "Lapping M/C" Then 'IT2

K=1

If Bs <=3 Then
ToIMC =0.0012

Elself Bs >3 Or Bs >= 6 Then
ToIMC = 0.0015

Elself Bs >6 Or Bs >= 10 Then
ToIMC = 0.0015

Elself Bs >10 Or Bs >= 18 Then
ToIMC = 0.002

Elself Bs >18 Or Bs >= 30 Then
ToIMC = 0.0025

Elself Bs >30 Or Bs >= 50 Then
ToIMC =0.0025

Elself Bs >50 Or Bs >= 80 Then

TolMC = 0.003

Elself Bs >80 Or Bs >= 120 Then
TolMC = 0.004

Elself Bs >120 Or Bs >= 180 Then
TolMC = 0.005

Elself Bs >180 Or Bs >= 250 Then
TolMC = 0.007

Elself Bs >250 Or Bs >= 315 Then
TolMC = 0.008

Elself Bs >315 Or Bs >= 400 Then
ToIMC = 0.009

Elself Bs >400 Or Bs >= 500 Then
TolMC =0.01

Elself Bs >500 Or Bs >= 630 Then
TolIMC =0.011

Elself Bs >630 Or Bs >= 800 Then
TolIMC =0.013

Elself Bs >800 Or Bs >= 1000 Then
TolMC =0.015

End If

Elself mc = "Superfinishing M/C" Then 'IT4
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K=2
If Bs <= 3 Then
TolMC = 0.003
Elself Bs >3 Or Bs >= 6 Then
TolMC = 0.004
Elself Bs >6 Or Bs >= 10 Then
TolMC = 0.004
Elself Bs >10 Or Bs >= 18 Then
TolMC = 0.005
Elself Bs >18 Or Bs >= 30 Then
TolMC = 0.006
Elself Bs >30 Or Bs >= 50 Then
TolMC = 0.007
Elself Bs >50 Or Bs >= 80 Then
TolMC = 0.008
Elself Bs >80 Or Bs >= 120 Then
TolMC = 0.01
Elself Bs >120 Or Bs >= 180 Then
TolMC =0.012
Elself Bs >180 Or Bs >= 250 Then
TolMC =0.014
Elself Bs >250 Or Bs >= 315 Then
TolMC =0.016
Elself Bs >315 Or Bs >= 400 Then
TolIMC =0.018
Elself Bs >400 Or Bs >= 500 Then
TolMC = 0.02
Elself Bs >500 Or Bs >= 630 Then
TolMC = 0.022
Elself Bs >630 Or Bs >= 800 Then
TolMC = 0.025
Elself Bs >800 Or Bs >= 1000 Then
TolMC = 0.028
End If
Elself mc = "Diamond turning M/C" Then 'IT4
K=3
If Bs <= 3 Then
TolMC = 0.003
Elself Bs >3 Or Bs >= 6 Then
TolMC = 0.004
Elself Bs >6 Or Bs >= 10 Then
TolMC = 0.004
Elself Bs >10 Or Bs >= 18 Then
TolMC = 0.005
Elself Bs >18 Or Bs >= 30 Then
TolMC = 0.006
Elself Bs >30 Or Bs >= 50 Then
TolMC = 0.007
Elself Bs >50 Or Bs >= 80 Then
TolMC = 0.008
Elself Bs >80 Or Bs >= 120 Then
TolMC =0.01
Elself Bs >120 Or Bs >= 180 Then
TolMC =0.012
Elself Bs >180 Or Bs >= 250 Then
TolMC =0.014

Elself Bs >250 Or Bs >= 315 Then
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TolIMC =0.016
Elself Bs >315 Or Bs >= 400 Then
TolIMC =0.018
Elself Bs >400 Or Bs >= 500 Then
TolMC = 0.02
Elself Bs >500 Or Bs >= 630 Then
TolMC = 0.022
Elself Bs >630 Or Bs >= 800 Then
TolMC = 0.025
Elself Bs >800 Or Bs >= 1000 Then
TolMC = 0.028
End If
Elself mc = "Grinding M/C" Then 'ITS
K=4
If Bs <=3 Then
TolMC = 0.004
Elself Bs >3 Or Bs >= 6 Then
TolMC = 0.005
Elself Bs >6 Or Bs >= 10 Then
ToIMC = 0.006
Elself Bs >10 Or Bs >= 18 Then
TolMC = 0.008
Elself Bs >18 Or Bs >= 30 Then
TolMC = 0.009
Elself Bs >30 Or Bs >= 50 Then
TolIMC =0.011
Elself Bs >50 Or Bs >= 80 Then
TolIMC =0.013
Elself Bs >80 Or Bs >= 120 Then
TolMC =0.015
Elself Bs >120 Or Bs >= 180 Then
TolMC =0.018
Elself Bs >180 Or Bs >= 250 Then
TolIMC =0.02
Elself Bs >250 Or Bs >= 315 Then
TolMC = 0.023
Elself Bs >315 Or Bs >=400 Then
TolMC = 0.025
Elself Bs >400 Or Bs >= 500 Then
TolMC = 0.027
Elself Bs >500 Or Bs >= 630 Then
TolMC =0.032
Elself Bs >630 Or Bs >= 800 Then
TolMC = 0.036
Elself Bs >800 Or Bs >= 1000 Then
TolMC = 0.04
End If
Elself mc = "Turning M/C" Then 'IT6
K=5
If Bs <= 3 Then
TolMC = 0.006
Elself Bs >3 Or Bs >= 6 Then
TolMC = 0.008
Elself Bs >6 Or Bs >= 10 Then
TolMC = 0.009
Elself Bs >10 Or Bs >= 18 Then
TolIMC =0.011
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Elself Bs >18 Or Bs >= 30 Then
TolIMC =0.013

Elself Bs >30 Or Bs >= 50 Then
TolMC =0.016

Elself Bs >50 Or Bs >= 80 Then
TolMC =0.019

Elself Bs >80 Or Bs >= 120 Then
TolMC = 0.022

Elself Bs >120 Or Bs >= 180 Then
TolMC = 0.025

Elself Bs >180 Or Bs >= 250 Then
TolMC = 0.029

Elself Bs >250 Or Bs >= 315 Then
TolMC = 0.032

Elself Bs >315 Or Bs >= 400 Then
TolMC = 0.036

Elself Bs >4000 Or Bs >= 500 Then
TolMC = 0.04

Elself Bs >500 Or Bs >= 630 Then
ToIMC = 0.044

Elself Bs >630 Or Bs >= 800 Then
TolMC = 0.05

Elself Bs >800 Or Bs >= 1000 Then

TolMC = 0.056
End If
Elself mc = "Milling M/C" Then 'IT9
K=6
If Bs <=3 Then
TolMC = 0.025
Elself Bs >3 Or Bs >= 6 Then
TolMC =0.03
Elself Bs >6 Or Bs >= 10 Then
ToIMC = 0.036
Elself Bs >10 Or Bs >= 18 Then
TolIMC =0.043
Elself Bs >18 Or Bs >= 30 Then
TolMC = 0.052
Elself Bs >30 Or Bs >= 50 Then
TolMC = 0.062
Elself Bs >50 Or Bs >= 80 Then
TolMC = 0.074
Elself Bs >80 Or Bs >= 120 Then
TolMC = 0.087
Elself Bs >120 Or Bs >= 180 Then
TolMC =0.1
Elself Bs >180 Or Bs >= 250 Then
ToIMC =0.115
Elself Bs >250 Or Bs >= 315 Then
ToIMC =0.13
Elself Bs >315 Or Bs >= 400 Then
TolMC =0.14
Elself Bs >400 Or Bs >= 500 Then
TolMC =0.155
Elself Bs >500 Or Bs >= 630 Then
TolMC =0.175

Elself Bs >630 Or Bs >= 800 Then
TolMC =0.2
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Elself Bs >800 Or Bs >= 1000 Then
TolMC = 0.23
End If
Elself mc = "Shaping M/C" Then 'TT10
K=7
If Bs <= 3 Then
TolMC = 0.04
Elself Bs >3 Or Bs >= 6 Then
TolMC = 0.048
Elself Bs >6 Or Bs >= 10 Then
TolMC = 0.058
Elself Bs >10 Or Bs >= 18 Then
TolMC = 0.07
Elself Bs >18 Or Bs >= 30 Then
TolMC = 0.084
Elself Bs >30 Or Bs >= 50 Then
TolIMC =0.1
Elself Bs >50 Or Bs >= 80 Then
ToIMC =0.12
Elself Bs >80 Or Bs >= 120 Then
ToIMC =0.14
Elself Bs >120 Or Bs >= 180 Then
ToIMC =0.16
Elself Bs >180 Or Bs >= 250 Then
TolMC = 0.185
Elself Bs >250 Or Bs >= 315 Then
TolMC =0.21
Elself Bs >315 Or Bs >= 400 Then
TolMC = 0.23
Elself Bs >400 Or Bs >= 500 Then
TolMC = 0.25
Elself Bs >500 Or Bs >= 630 Then
TolMC = 0.28
Elself Bs >630 Or Bs >= 800 Then
ToIMC =0.32
Elself Bs >800 Or Bs >= 1000 Then
TolMC = 0.36
End If
Elself mc = "Drilling M/C" Then 'IT11
K=8
If Bs <= 3 Then

TolMC = 0.06
Elself Bs >3 Or Bs >= 6 Then
TolMC = 0.075
Elself Bs >6 Or Bs >= 10 Then
TolMC = 0.09
Elself Bs >10 Or Bs >= 18 Then
ToIMC =0.11
Elself Bs >18 Or Bs >= 30 Then
TolIMC =0.13
Elself Bs >30 Or Bs >= 50 Then
TolMC =0.16
Elself Bs >50 Or Bs >= 80 Then
TolMC =0.19
Elself Bs >80 Or Bs >= 120 Then
TolIMC =0.22

Elself Bs >120 Or Bs >= 180 Then
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TolMC =0.25

Elself Bs >180 Or Bs >= 250 Then
TolMC =0.29

Elself Bs >250 Or Bs >= 315 Then
TolMC =0.32

Elself Bs >315 Or Bs >= 400 Then
TolIMC =0.36

Elself Bs >400 Or Bs >= 500 Then
ToIMC =0.4

Elself Bs >500 Or Bs >= 630 Then
TolMC = 0.44

Elself Bs >630 Or Bs >= 800 Then
TolIMC =0.5

Elself Bs >800 Or Bs >= 1000 Then
TolMC = 0.56

End If

Else
TolIMC =0
End If
End Function

Sub BasicBP()
Dim i As Integer, j As Integer, n As Integer, m As Integer, F As Integer, T As Integer
Dim a As String, b As Single
NoSurf = Sheets("Dimension Design").Range("ss").Value
ReDim BP(NoSurf)
ReDim GenBP(65 To 65 + NoSurf, 65 To 65 + NoSurf)
Fori=1 To NoSurf - 1
BP(i).From = Sheets("dimension design").Range("No_dim").Offset(i, 1)
F = Asc(BP(i).From)
BP(i).To = Sheets("dimension design").Range("No dim").Offset(i, 2)
T = Asc(BP(i).To)
BP(i).Basic = Sheets("dimension design").Range("No dim").Offset(i, 3)
BP(i).Tolerance = Sheets("dimension design").Range("No_dim").Offset(i, 4)
If F <T Then
GenBP(F, T) = BP(i).Basic
GenBP(T, F) = -BP(i).Basic
ElseIf F > T Then
GenBP(F, T) = -BP(i).Basic
GenBP(T, F) = BP(i).Basic
End If
Next i
Fori=1 To NoSurf - 1
F = Asc(BP(i).From)
T = Asc(BP(i).To)
For r=65 To 64 + NoSurf
If T <>rOrF <>r Then
If GenBP(T, r) <>0 Then
GenBP(F, r) = GenBP(F, T) + GenBP(T, )
GenBP(r, F) = -GenBP(F, r)
End If
End If
Next
Next

For i= 65 To 64 + NoSurf
For j =65 To 64 + NoSurf
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Ifi=j Then
GenBP(i, j) =0
Elselfi<>j Then
If GenBP(i, j) = 0 Then
n=65
a=0
b=0
Do Until a <>0 And b <>0
If GenBP(i, n) <>0 Then
a = GenBP(i, n)
If GenBP(n, j) <>0 Then
b =GenBP(n, j)
End If
End If
n=n-+1
Loop
Ifi<j Then
GenBP(i,j)=a+b
GenBP(j, i) = -GenBP(, j)
Elselfi>j Then
GenBP(i, j) =-(a + b)
GenBP(j, i) = -GenBP(, j)
End If
End If
End If
Next
Next
End Sub

Function Basic(ByVal a As String, ByVal b As String) As Single
Dim i As Integer, j As Integer, F As Integer, T As Integer
NoSurf = Sheets("Dimension Design").Range("ss").Value
Ifa<>"-" And b <>"-" Then
F = Asc(UCase(a))
T = Asc(UCase(b))
Basic = Abs(GenBP(F, T))
Else
Basic =0
End If
End Function

Sub FineBasicCut()
Dim i As Integer, j As Integer, ¢ As Integer, F1 As Integer, F2 As Integer, T1 As Integer
Dim T2 As Integer, Nt As Integer, Nf As Integer
Dim FPart As String, TPart As String, P As String
Dim SRf As String, SRt As Single
ReDim BasicCut(NoSque)

i=NoSque
Do Untili=0

If SQInN(i).From <> "-" Then

F1 = Asc(SQInN(i).From)

T1 = Asc(SQInN(i).To)

F2 = CInt(Right(SQInN(i).From, 1))

T2 = CInt(Right(SQInN(i).To, 1))

If F1 <> 45 Then

For j=1 To NoSurf
If SQIn(i).From = surf(j) Then
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Nf = NoNode(j) - 1
End If
If SQIn(i).To = surf(j) Then
Nt = NoNode(j) - 1
End If
Next
BasicCut(i) = Abs(GenBP(F1, T1))
SRf=0
If F2 <Nf Then
Do Until F2 = Nf
FPart = SQIn(i).From & F2 + 1
TPart = SQIn(i).From & F2

For ¢ =1 To NoSque
If FPart = SQInN(c).To Then
SRf= SRf + (StockRB(c) * (DirectionC(c)))
End If
Next
F2=F2+1
Loop
BasicCut(i) = BasicCut(i) + SRf
End If

If T2 <Nt Then
SRt=0
Do Until T2 = Nt
FPart = SQIn(i).To & T2 + 1
TPart = SQIn(i).To & T2

For ¢ =1 To NoSque
If FPart = SQInN(c).To Then
SRt = SRt + (StockRB(c) * (DirectionC(c)))
End If

Next
T2=T2+1
Loop
BasicCut(i) = BasicCut(i) + SRt
End If
Else
BasicCut(i) =0
End If
End If
i=i-1
Loop
End Sub

auvesmsuaaswa (Output Module)
Sub ShowTC()
Dim TC(1 To 7) As Variant, INP(1 To 7) As Variant, rngl As Variant, rng2 As Variant
NoSque = Sheets("Sqeunce Operation").Range("No_s").Value
Set TC(1) = Sheets("Tolerance Chart").Range(" OP.NO.").Offset(2, 0)
Set TC(1) = TC(1).Resize(NoSque, 1)
Set TC(2) = Sheets("Tolerance Chart").Range(" FaceCut").Offset(1, 0)
Set TC(2) = TC(2).Resize(NoSque, 1)
Set TC(3) = Sheets("Tolerance Chart").Range(" SelectMC").Offset(2, 0)
Set TC(3) = TC(3).Resize(NoSque, 1)
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Set TC(4) = Sheets("Tolerance Chart").Range(" WBasic").Offset(2, 0)
Set TC(4) = TC(4).Resize(NoSque, 1)
Set TC(5) = Sheets("Tolerance Chart").Range(" WTol").Offset(1, 0)
Set TC(5) = TC(5).Resize(NoSque, 1)
Set TC(6) = Sheets("Tolerance Chart").Range(" SBasic").Offset(1, 0)
Set TC(6) = TC(6).Resize(NoSque, 1)
Set TC(7) = Sheets("Tolerance Chart").Range(" STol").Offset(1, 0)
Set TC(7) = TC(7).Resize(NoSque, 1)
Set INP(1) = Sheets("Sqeunce Operation").Range(" OP").Offset(1, 0)
Set INP(1) = INP(1).Resize(NoSque, 1)
Set INP(3) = Sheets("Sqeunce Operation").Range(" MC _inp").Offset(1, 0)
Set INP(3) = INP(3).Resize(NoSque, 1)
Set rng1 = Sheets("Tolerance Chart").Range(" Rtol").Offset(1, 0)
Set rngl = rngl.Resize(NoSurf - 1, 1)
Set rng2 = Sheets("Tolerance Chart").Range(" BPTol").Offset(1, 0)
Set rng2 = rng2.Resize(NoSurf - 1, 1)
TC(1).Value = INP(1).Value
TC(3).Value = INP(3).Value
Fori=0 To TC(2).Rows.count
TC(2).Cells(i + 1).Value = SQInN(i).To
TC(5).Cells(i + 1).Value = SQInN(i). Tolerance
With TC(5).Cells(i + 1).Interior
Pattern = xISolid
.PatternColorIndex = xlAutomatic
.Color = 13434879
.TintAndShade =0
PatternTintAndShade = 0
End With
TC(6).Cells(i + 1).Value = StockRB(i)
TC(7).Cells(i + 1).Value = TolP(i)
TC(4).Cells(i). Value = BasicCut(i)
Next
Fori=1 To NoSurf - 1
rngl.Cells(i). Value = TolBP(i)
With rng1.Cells(i).Font
.Color = xIThemeColorLightl
End With
If rngl.Cells(i). Value > rng2.Cells(i). Value Then
With rng1.Cells(i).Font
.Color =-16776961
End With
End If
Next
End Sub

Sub ShowArrow()
Dim i As Integer, j As Integer, c()As Integer
Dim countj As Integer, counti As Integer, F As Integer, T As Integer
Dim rng As Variant, clr As Variant, H As Variant,H1 As Variant
Dim S As Variant, D() As Variant, TC As Variant, fromL As Variant, toL. As Variant
Dim Name As String, FF As String, TT As String
Dim shp() As Variant, shpB() As Variant, NO() As Variant

Set H = Sheets("Tolerance Chart").Range(" Headder")

Set H1 = Sheets("Tolerance Chart").Range(" Headderl")

Set rng = Range("Picture3")

ReDim shpB(NoSurf)

ReDim shp(NoSque)
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ReDim NO(NoSque)
ReDim c¢(rng.Rows.count)
ReDim D(rng.Columns.count)
ReDim Ste(rng.Columns.count)
ReDim DirectionC(NoSque)
Fori=1 To H.Columns.count
If H.Cells(i).Borders(x1EdgeLeft).LineStyle = -4118 Then
Set clr = H.Cells(i).Resize(2, 1)
clr.Borders(x1EdgeLeft).LineStyle = xINone
End If
If H1.Cells(i).Borders(xlEdgeLeft).LineStyle = -4118 Then
Set clr = H1.Cells(i).Resize(2, 1)
clr.Borders(x1EdgeLeft).LineStyle = xINone
End If
Next
Sheets("Tolerance Chart").Select
Sheets("Tolerance Chart").Shapes.SelectAll
Selection.Delete
Name = 64
countj =0
For j =2 To rng.Columns.count
counti =0
For i =1 To rng.Rows.count
If rng.Cells(i, j).Borders(xlEdgeLeft).LineStyle = 1 Then
counti = counti + 1
Set D(j) = rng.Cells(, j)
End If
Next
If counti <>0 Then
Set D(j) = D(j).Offset(-counti + 1, 0).Resize(counti, 1)
If D(j).Interior. ThemeColor = 3 Then
Ste(j) =-1
Else
Ste() =1
End If
countj = countj + 1
Name = Name + 1
Set S = rng.Cells(rng.Rows.count - 1, j)
S.Value = Chr(Name)
Set S = Range(D(j).Offset(counti, 0).Resize(1, 1), S)
With S.Borders(xIEdgeLeft)
.LineStyle = xIDot
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
Set S = rng.Cells(rng.Rows.count - 1, j).Offset(1, 0)
Set S = S.Resize(NoSque + NoSurf + 6, 1)
With S.Borders(xIEdgeLeft)
.LineStyle = xIDot
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
End If
Next
Set TC = H.Resize(1, H.Columns.count).Offset(-2, 0)
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Forj=1 To TC.Columns.count
FF = CStr(TC.Cells(j))
If SQIn(0).To = FF Then
Set toL = TC.Cells(j).Offset(5)
If SQIn(0).From = "Root" Then
If SQIn(0).To = surf(1) Then
Set fromL = toL.Offset(0, -1)
Elself SQIn(0).To = surf(NoSurf) Then
Set fromL = toL.Offset(0, 1)
End If
End If
Set shp(0) = Sheets("Tolerance Chart").Shapes.AddConnector(msoConnectorStraight,
fromL.Left, fromL.Top, toL.Left, toL.Top)
With shp(0).Line
.Visible = msoTrue
.ForeColor.ObjectThemeColor = msoThemeColorText1
Weight =1
.EndArrowheadStyle = msoArrowheadTriangle
End With
End If
Next
Fori=1 To NoSque
If SQIn(i).mc <> "-" Then
For j =1 To TC.Columns.count
FF = CStr(TC.Cells(j))
If SQIn(i).To = FF Then
Set toLL = TC.Cells(j).Offset(5 + 1)
T=j
End If
If SQIn(i).From = FF Then
Set fromL = TC.Cells(j).Offset(5 + 1)
F=j
End If
Next
IfF <T Then
DirectionC(i) = Stc(T) * (-1)
Else
DirectionC(i) = Stc(T)
End If
Set shp(i) = Sheets("Tolerance Chart").Shapes.AddConnector(msoConnectorStraight,
fromL.Left,
fromL.Top, toL.Left, toL.Top)
With shp(i).Line
.Visible = msoTrue
.ForeColor.ObjectThemeColor = msoThemeColorTextl
.Weight =1
.BeginArrowheadStyle = msoArrowheadOval
.EndArrowheadStyle = msoArrowheadTriangle
End With
If fromL.Left < toL.Left Then
ActiveSheet.Shapes.AddLabel(msoTextOrientationHorizontal, fromL.Left +
(toL.Left - fromL.Left) /2,
fromL.Top - 21, 30, 30).Select
Selection.ShapeRange(1).TextFrame2.TextRange.Characters. Text =i
Elself fromL.Left > toL.Left Then
ActiveSheet.Shapes.AddLabel(msoTextOrientationHorizontal, toL.Left +
(fromL.Left - toL.Left) / 2,
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toL.Top - 21, 30, 30).Select
Selection.ShapeRange(1).TextFrame2.TextRange.Characters. Text = i
End If
End If
Next
Fori=1 To NoSurf- 1
For j=1 To TC.Columns.count
FF = CStr(TC.Cells(j))
If BP(i).To = FF Then
Set toL = TC.Cells(j).Offset(8 + NoSque + 1)
End If
If BP(i).From = FF Then
Set fromL = TC.Cells(j).Offset(8 + NoSque + 1)
End If
Next
Set shpB(i) = Sheets("Tolerance Chart").Shapes.AddConnector(msoConnectorStraight,
fromL.Left,
fromL.Top, toL.Left, toL.Top)
With shpB(i).Line
.Visible = msoTrue
.ForeColor.ObjectThemeColor = msoThemeColorText1
Weight =1
.BeginArrowheadStyle = msoArrowheadOval
.EndArrowheadStyle = msoArrowheadOval
End With
Next
Sheets("Sqeunce Operation").Select
ActiveSheet.Shapes.Range(Array("CommandButton1")).Select
Selection.Copy
Sheets("Tolerance Chart").Select
Range("BL4").Select
ActiveSheet.Paste
End Sub

dmmmmiuf’f’lmmzﬁwm(lmprovement Module)

Sub NewCutEdit()
Dim n() As String, H() As String, g As String
Dim1i As Integer, j As Integer, r As Integer, c As Integer, T As Integer, K() As Integer
Dim FromS As String, ToS As String
Dim a() As String, b() As String
Dim strArrayP() As String
Dim intCount As Integer
Dim rng As Variant
NoSurf = Sheets("Dimension Design").Range("ss").Value
NoSque = Sheets("Sqeunce Operation").Range("No_s").Value
ReDim H(NoSque)
ReDim n(NoSque)
ReDim SQIn(NoSque)
ReDim BP(NoSurf)
ReDim BPN(NoSurf)
ReDim surf(NoSurf)
ReDim SQInN(NoSque)
ReDim part(NoSque)
ReDim finalP(NoSque)
ReDim finalBP(NoSurf)
ReDim TolP(NoSque)
ReDim TolBP(NoSurf)
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ReDim NoNode(NoSurf)
ReDim StockRB(NoSque)
ReDim DirectionC(NoSque)
ReDim DivBStc(NoSque)
ReDim K(NoSque)
Fori=1 To NoSurf
surf(i) = Chr(i + 64)
Next i
SQIn(0).From = "Root"
SQIn(0).To = Sheets("sqeunce operation").Range(" RefCut").Offset(1, 0)
Fori=1 To NoSque
SQIn(i).OP = Sheets("sqeunce operation").Range(" OP").Offset(i, 0)
SQIn(i).From = Sheets("sqeunce operation").Range(" RefCut").Offset(i, 0)
SQIn(i).To = Sheets("sqeunce operation").Range(" FacCut").Offset(i, 0)
SQIn(i).mc = Sheets("sqeunce operation").Range(" MC inp").Offset(i, 0)
SQIn(i).Tolerance = Sheets("sqeunce operation").Range(" Tol").Offset(i, 0)
Next
Set rng = Range(" WTol").Offset(1, 0)
Set rng = rng.Resize(NoSque + 1, 1)

Call BasicBP
Fori=1 To NoSque
SQIn(i).Basic = Basic(SQIn(i).From, SQIn(i).To)
K@) =0
SQInN(i).Tolerance = rng.Cells(i + 1)
Next
Fori=1 To NoSurf - 1
BP(i).From = Sheets("dimension design").Range("No_dim").Offset(i, 1)
BP(i).To = Sheets("dimension design").Range("No_dim").Offset(i, 2)
BP(i).Basic = Sheets("dimension design").Range("No_dim").Offset(i, 3)
BP(i).Tolerance = Sheets("dimension design").Range("No_dim").Offset(i, 4)
Next i
r=0
For j=1 To NoSurf
S=0
For i =0 To NoSque
If SQIn(i).To = "-" Then
SQInN(i).To ="-"
Elself SQIn(i).To = surf(j) Then
SQInN(i).To = SQIn(i).To & S
S=S+1
End If
Next i
For ¢ =1 To NoSurf - 1
If BP(c).From = surf(j) Then
BPN(c).From = BP(c).From & S - 1
End If
If BP(c).To = surf(j) Then
BPN(c).To=BP(c).To& S- 1
End If
Next ¢
NoNode(j) =S
Next j
For 1= 0 To NoSque
n(i) = SQInN(i).To
H(i) = Left(n(i), 1)
Next
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For ¢ =0 To NoSque
r=c+1
If H(c) ="-" Then
SQInN(c).From ="-"
r=r+1
Else
Do Until r = NoSque + 1
If SQIn(r).From = H(c) Then
SQInN(r).From = SQInN(c).To
End If
r=r+1
Loop
End If
Next
SQInN(0).From = "Root"
Fori=0 To NoSque
If SQInN(i).From = "Root" Then
part(i) = SQInN(i).To & " "
Elself SQInN(i).From = "-" Then
part(i) = SQInN(i).To
Elself SQInN(i).From <> "Root" Then
Forj=0Toi
If SQInN(i).From = SQInN(j).To Then
part(i) = SQInN(i).To & " " & part(j)
End If
Next j
End If
Next i
For r =0 To NoSque
If Right(SQInN(r).To, 1) = 0 Then
finalP(r)=""
TolP(r) = "Solid Cut"
Elself SQInN(r).From = "-" Then
finalP(r) =""
TolP(r)=0
Elself Right(SQInN(r).To, 1) <0 Then
For i=0 To NoSque
If SQInN(r).To = Left(part(i), 2) Then
FromS = part(i)
T = Right(SQInN(r).To, 1)
g = Left(SQInN(r).To, 1) & T - 1
End If
Next
For j =0 To NoSque
If g = Left(part(j), 2) Then
ToS = part(j)
End If
Next
finalP(r) = Comp1(FromS, ToS)
TolP(r) = CalTol(finalP(r))
If K(r) >4 Then
StockRB(r) = 0.5 + 2 * (TolP(r))
Else
StockRB(r) = 0.2 + 2 * (TolP(r))
End If
End If
Next r
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Forc=1 To NoSurf - 1
For i=0 To NoSque
If BPN(c).From = Left(part(i), 2) Then
FromsS = part(i)
End If
Next
For j =0 To NoSque
If BPN(c).To = Left(part(j), 2) Then
ToS = part(j)
End If
Next
finalBP(c) = Comp1(FromS, ToS)
TolBP(c) = CalTol(finalBP(c))
Next
Call FineBasicCut
Call ShowTC
End Sub

Sub FineFaceCut()
Dim i, j, c(), countj, counti As Integer
Dim g, S, D() As Variant
Dim Name As String
Set rng = Range("Picture2")
ReDim c(rng.Rows.count)
ReDim D(rng.Columns.count)
ReDim Ste(rng.Columns.count)
Name = 64
countj =0
For j =2 To rng.Columns.count
counti =0
For i=1 To rng.Rows.count
If rng.Cells(i, j).Borders(xlEdgeLeft).LineStyle = 1 Then
counti = counti + 1
Set D(j) = rng.Cells(i, j)
End If
Next
If counti <> 0 Then
Set D(j) = D(j).Offset(-counti + 1, 0).Resize(counti, 1)
countj = countj + 1
Name = Name + 1
Set S = rng.Cells(rng.Rows.count - 1, j)
S.Value = Chr(Name)
Set S = Range(D(j).Offset(counti, 0).Resize(1, 1), S)
With S.Borders(x1EdgeLeft)
.LineStyle = xIDot
.ColorIndex =0
.TintAndShade = 0
.Weight = xIThin
End With
End If
Next
SurfCW = countj
End Sub
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Tolerance chart

A B C
OoP Reference Working Dim. Stock Removal
Machine used

No. Cut Basic | +Tol/2 Basic | +Tol/2
DO 0.00 0.000 0.00 Solid Cut
Turning M/C o 24.56 0.008 0.00 Solid Cut
Turning M/C BO 13.42 0.008 2 0.00 Solid Cut
Turning M/C Y 50.55 0.008 3 0.00 Solid Cut

Turning M/C B1 12.89 0.008 4 053 0.016

Turning M/C Al 25.44 0.008 5 0.55 0.024

Grinding M/C B2 12.66 0.005 6 0.23 0.013

Grinding M/C C1 12.44 0.005 7 0.22 0.010

0.00 0.000 0.00 0.000

0.00 0.000 0.00 0.000

0.00 0.000 0.00 0.000

Grinding M/C C2 12.22 0.005 11 0.22 0.010

Grinding M/C B3 12.00 0.005 12 0.22 0.010

0.00 0.000 0.00 0.000

Bule Print Result

Basic | +Tol/2 Basic | +Tol/2

13.00 0.120 13.00 0.023

12.00 0.020 12.00 0.005

50.00 0.050 50.00 0.016

1] d' a d‘ d‘ 11 9 I 1] al o ] d'
JUN LIUNUYUANUADIAAADUN LAIN LUTUNTH LUAIDYNN |

v
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Resultant
Basic Size | Toleraces Loop Diagrams
(Basic) | (+Tol.)
20 (0.023
13.00 0.023
13.0
19 (0.005)
12.00 0.005
12.0

50.00 0.016

9 (0.016)

50.0
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Li Balance Dimensions Stock Removal
ine .
No. Loop Diagrams Toleraces | Basic Size | Toleraces | Basic Size
(+ Tol.) (Basic) (+ Tol.) (Basic)
2 Solid cut
3 Solid cut
4 Solid cut
2 (0.008)
L o |
3(0.008)
7 0.016 0.53
)(0.008)
5 (0.016)
.024 0.
8 (8(0.008) 0 33
2(0.008)
9 8 (0.008) | 0.016
_[ ©
7 (0.008)
11 0.013 0.23
(0.005)
_8(0.008)
12 1 (FIO'OOS) 0.013
4
11(0.005)
14 1 0.010 0.22
14 (0.005)
14 (0.005)
16 0.010 0.22
16(0.005)
12 (0.013)
4
17 16 (0.005) 0.018
L
16 (0.005)
19 0.010 0.22
(0.005)
o 17(0.018)
20 19 (0.005) 0.023
L
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Line Basic Size (Basic)
No.| Working Balance Loop Diagrams
Dimensions | Dimensions
20
20 13.00
13.0
19 12.00
) 12.0 L
()
17 25.00 19
» =0
6
SR19 (>
16 12.22 0224
L
)
= R1
14 | 12.44 S Sy SRS
@
12 12.78 16 222
e X 25.00
SR14 )
11| 12.66 0710 15 |
®
9 50.00
8 25.44
SR11 @
7 12.89 0237
12.66
SR8 @
0.55 7
5 25.99 )
2
2 24.56 8 25.44
50.00- 2
24.56 2 I
4 50.55 - @ !
3 >
SR7 ®
3 13.42 7
12.89
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LINE | OPER | MACHINE | WORKING DIM. R ad ¢ b BALANCE DIM. | STOCK REMOVAL
NO. | NO USED | BASIC | +TOL2 BASIC | TOL/2 | BASIC | +TOL/2
1 10 W&S
2 " " 2456 | 0.008 N ’ Solid cut
3 " " 1342 | 0.008 3 Solid cut
4 " " 50.55 | 0.008 4 Solid cut
5 5 25.99 0.016
6
7 20 | HARDING | 12.89 | 0.008 7 0.53 0.016
8 " " 2544 | 0.008 s 0.55 0.024
9 9 50 0.016
10
11 30 | NORTON | 12.66 | 0.005 1 0.23 0.013
12 12 12.78 0.013
13
14 40 " 1244 | 0.005 14 0.22 0.010
15
16 100 " 1222 | 0.005 16 022 0.010
17 7 25 0.018
18
19 110 " 12 0.005 19 0.22 0.010
20 20 13 0.023
21
BLUE PRINT RESULTANTS
13 0.12 13 0.023
12 0.02 12 0.005
50 0.05 50 0.016

= A A v oA
E‘IJTI 1.2 LLWHQNﬂDTNﬂﬁ’I@LﬂaE]'L!FL‘LW]’)E]EJNT] 1
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Y

Tolerance chart
A B C D E F G H I J
OP Reference Working Dim. Stock Removal
Machine used
No. Cut Basic | +Tol/2 Basic | £Tol/2
A0 0.00 0.000 N 0.00 Solid Cut
Jo 76.35 0.015 1 0.00 Solid Cut
HO 19.47 0.005 2 0.00 Solid Cut
[«) 60.45 0.030 3 0.00 Solid Cut
Al 56.63 0.005 4 ) 0.25 0.025
GO 16.72 0.010 5 0.00 Solid Cut
-
FO 14.97 0.010 6, 0.00 Solid Cut
<«
BO 10.20 0.005 7 0.00 Solid Cut
EO 21.21 0.005 8 0.00 Solid Cut
J1 7587 0.005 9 0.23 0.015
H1 19.01 0.003 10 0.23 0.013
10 1522 0.010 11 0.00 Solid Cut
A2 56.63 0.003 12 0.22 0.011
E1 3541 0.002 13 0.23 0.015
 —e
B1 11.01 0.003 14 0.24 0.018
<« ST e
H2 35.21 0.002 15 0.21 0.004
>
E2 35.00 0.001 16 0.21 0.003
+——e
B2 11.00 0.001 17 0.21 0.007
¢
A3 56.21 0.001 18 0.22 0.008
J2 54.00 0.002 19 0.22 0.010
G1 18.00 0.002 20 0.26 0.030
£ »
DO 3.00 0.004 4_2]. 0.00 Solid Cut
Ad 56.00 0.003 22 0.21 0.004
F1 24.00 0.005 l 23 0.29 0.045
Bule Print Result
Basic +Tol/2 Basic +Tol/2
10.00 0.100 10.00 0.005
15.00 0.060 15.00 0.055
3.00 0.050 3.00 0.004
oo
21.00 0.050 21.00 0.004
9.00 0.060 9.00 0.060
15.00 0.020 15.00 0.011
o
17.00 0.010 17.00 0.003
— o
4.00 0.020 4.00 0.017
15.00 0.020 15.00 0.020
[ ' v '
‘]J = a A dll 9 I al Y ] =
sUN 2.1 ununilanuamamaoun lavinludsunsulualednan 2
U
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Resultant
Basic Size | Toleraces Loop Diagrams
(Basic) (+ Tol)
29(0.001) .
10.0 0.005
38 (0.003)
,
3(0.005)
4(0.030)
7(0.005)
15.0 0.055 14 (0.005)
28(0.007)
38(0.003) )8
37(0.004)
3.0 0.004
29(0.001)
21.0 0.004 38(0.003)
\
3(0.005)
4(0.030)
7(0.005)
14 (0.005)
16 (0.003)
9.0 0.060
27(0.002)
38(0.003)
39 (0.005)
29(0.001)
36(0.002)
15.0 0.011 38 (0'003)
l 39(0.005)
[15.0]
29(0.001)
17.0 0.003 36(0.002)
[17.0]
- 16(0.003)
17 (0.010)
4.0 0.017 22(0.002) L
27(0.002)
16(0.003)
17(0.010)
22(0.002)
15.0 0.020 27(0.002)
29(0.001)
35(0.002)
1
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Li Balance Dimensions Stock Removal
me H 9
No. Loop Diagrams Toleraces (+ | Basic Size | Toleraces (+ | Basic Size
Tol.) _(Basic) Tol.) (Basic)
2 Solid cut
3 Solid cut
4 Solid cut
2 (0.015)
5 r—w (0.005) 0.020
®
2 (0.015)
6 4(0.030) 0.045
L®
5(0.020)
7 T 2(0.005) I 0.025 0.25
8 Solid cut
9 Solid cut
10 Solid cut
11 Solid cut
12 0.025
10 (0.005)
13 11(0.005) 0.010
L
3.(0.005) _
14 7 (0.005) 0.015 0.23
l {4 (0.005)
7 (0.005)
5|4 14 (0.005) 0.010
e |
15(0.010)
16 0.013 0.23
16(0.003)
17 Solid cut
14(0.005)
18 16(0.003) 0.008
®
8(0.010)
19 15(0.010 0.020
8(0.010)
9(0.010)
20 115(0.010, 0.030
) 1)
18(0.008)
21 0.011 0.22
21(0.003)
11(0.005) )
22 I 18 (0.008) 0.015 0.23
ZZ (0.002)
10 (0.005)
0.008
3 18( )
22 (0.002)
23(0.003)
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Line Balance Dimensions Stock Removal
1 .
No. Loop Diagrams Toleraces |Basic Size | Toleraces | Basic Size
(+ Tol.) (Basic) (+ Tol.) (Basic)
21(0.003)
24 22 (0.002) 0.005
OL) [
16(0.003)'
25 22 (0.002) 0.005
)
23(0.003)
26 25(0.005) 0.008
(oo
22(0.002)
o . 690002 ] 0008 | o
7(0.002)
25(0.005)
28 27(0.002) 0.007
)
.
27(0.002)
9(0.001)
28 (0.007).
30 29(0.001) 0.008
30
23(0.003)
27(0.002)
31 29(0.001) 0.007 0.21
.G (0.001)
20(0.030)
25(0.005)
32 27(0.002) 0.037
Lo ]
] 24 (0.005)
33 w 0.008 0.22
(33(0.001)
30(0.008)
34 31(0.001) 0.009
[ <)
»
35 29(0.001) 0.010 0.22
65)(0.002)
- 19(0.020)
28(0.007)
36 29(0.001) 0.030 0.2600
[ 6510003)
37 Solid cut
33(0.001)
38 F 38 (0.003) I 0.004 0.21
¢.32(0.037)
39 38(0.003) 0.045 0.29
J. 39(0.005)
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Line
No.

Basic Size (Basic)

Working
Dimensions

Balance
Dimensions

Loop Diagrams

39 | 2400

38 | 5600

37| 3.00

36 | 1800

35 | 5400

34 65.22

33| s621

32 3171

31| 1100

30 5422

29| 3500

28 19.22

27| 3521

26 65.41

25 5443

2% 2122

23| 1100

@
2| 354 L oasT
7"

20| s6.64

20 50.93




v Y
A5 2.5 MITNUTAIANUAUINYUIAVOIVUADUNITHAR (919)

145

Lin Basic Size (Basic)

ne iagrams
No. | Working Balance Loop Diagrams

Dimensions |Dimensions

19 35.96
18 56.86
17 15.22

16 19.01

15 19.24
14 75.87

13 11.02
12 51.57
11 21.21

10 10.20

7 56.63

8 16.72

9 15.20

6 15.90
5 56.88
3 19.47

4 60.45

2 76.35
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CDE [F G I
LINE | OPER | MACHINE | WORKING DIM. BALANCE DIM. STOCK REMOVAL
NO. NO. USED BASIC | +TOL/2 BASIC | +TOL/2 | BASIC | +TOL/2
76.35 | 0.015 1 Solid cut
19.47 0.005 p Solid cut
60.45 | 0.030 3 Solid cut
56.88 0.020
15.90 0.045
56.63 | 0.005 4 0.250 0.015
16.72 0.010 Solid cut
1497 | 0.010 6 Solid cut
10.20 0.005 Solid cut
21.21 0.005 3 Solid cut
51.16 0.025
11.01 0.010
75.87 0.005 9 0.230 0.015
19.24 0.010
19.01 0.003 10 0.226 0.013
15.22 0.010 11 Solid cut
56.86 0.008
60.65 0.015
3.50 0.045
56.32 0.003 12 0.222 0.011
35.41 0.002 13 0.230 0.015
11.01 0.003 14 0.236 0.018
46.42 0.005
10.00 0.008
54.43 0.005
35.21 0.002 15 0.208 0.004
19.22 0.007
35.00 0.001 16 0.206 0.003
54.22 0.008
11.00 0.001 17 0.214 0.007
46.00 0.002
56.00 0.001 1 0.216 0.008
65.00 0.009
54.00 | 0.002 19 0.220 0.010
18.00 | 0.002 )) 0.260 0.030
3.00 0.004 1 Solid cut
56.00 | 0.003 20 0.208 0.004
24.00 | 0.005 2 0.290 0.045
BLUE PRINT RESULTANTS
10 0.10 10 0.005
15 0.06 15 0.055
3 0.05 3 0.004
21 0.05 21 0.004
9 0.06 9 0.060
15 0.02 15 0.011
17 0.10 17 0.003
4 0.02 4 0.017
15 0.02 15 0.020

310

2.2 uwugianuaaianaeu lud10619% 2
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Tolerance chart

A B C D E F G H
OP Reference Working Dim. Stock Removal
Machine used
No. Cut Basic | +Tol/2 Basic +Tol/2
KO 0.00 0.000 0.00 Solid Cut
A0 49.12 0.254 1 0.00 Solid Cut
DO 33.40 0.076 2 0.00 Solid Cut
EO 34.03 0.127 1 3 0.00 Solid Cut
[« 15.50 0.064 a 0.00 Solid Cut
—»
K1 13.68 0.076 5 141 0.457
GO 771 0.102 6 0.00 Solid Cut
10 1.71 0.076 0.00 Solid Cut
FO 11.46 0.102 8 0.00 Solid Cut
BO 42.86 0.076 9 0.00 Solid Cut
F1 1065 0.051 10 0.81 0.153
Al 46.72 0.038 11 0.98 0.241
C1 13.25 0.076 12 1.26 0.381
- — 5
D1 31.10 0.089 13 1.31 0.406
A2 46.42 0.013 14 0.30 0.051
Gl 3791 0.038 15 0.81 0.153
11 597 0.038 16 0.83 0.165
2 »
B1 33.49 0.051 17 0.86 0.178
El 4.34 0.038 1§ 0.83 0.165
A3 46.17 0.013 19 0.25 0.026
G2 37.28 0.025 20 0.38 0.089
B2 3226 0.038 21 ) 0.86 0.178
JO 44.34 0.051 22 0.00 Solid Cut
HO 215 0.191 g} 0.00 Solid Cut
Bule Print Result
Basic | #Tol/2 Basic +Tol/2
33.32 0.127 3332 0.102
10.31 0.254 10.31 0.076
L —— ]
3.96 0.127 3.96 0.127
— o
3226 0.508 3226 0.038
41.15 0.127 41.15 0.076
39.32 0.051 39.32 0.114
2.86 0.191 1 2.86 0.344
277 0.254 277 0.216
oo
12.70 0.127 12.70 0.127
— o
220 0.254 2.20 0.140
—eo

Y

517 3.1 uwugianuamamasui laan Tusunsuludeded 3
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Resultant
Basic Size | Toleraces Loop Diagrams
(Basic) (+ Tol.)
27(0.051),
34(0.038)
33.32 0.102 35(0.013)
29(0.038)
10.31 0.076 34(0.038)
10.31 !
27(0.051)'
34(0.038)
3.96 0.127 35(0.013)
l 37(0.025)
L 13.96
3226 | 0.038 3;82(2'038)
- 35(0.013)
l 37(0.025)
4116 | 0076 ss0old
. 4115
37(0.025)
38(0.038
39.32 0.114 ¢ 19(0 051')
3932 1
33(0.089)
35(0.013) ’—I
2.86 0.344 _f 39(0.051)
40(04191).
2.86 >
17(0.051)
° 19(0.089)
277 | 0216 22(0.089)
>
18(0.038)
20((!.076)
12.70 0.127
35(0.013)
12.7
28(0.102)
2.20 0.140 34(0.038)?
)




v 1] Y
A1519% 3.2 ﬁ15NLlﬁ'ﬂ\‘iﬂ’N11?ﬁu’Jm‘lJL!"IﬂLLﬁgﬂ?WNﬂﬁTﬂlﬂﬁﬂuﬂlﬂﬁﬂluﬁﬂuf’ﬂiﬂaﬁ

149

Li Balance Dimensions Stock Removal
me .
No. Loop Diagrams Toleraces (+ | Basic Size |Toleraces (+ | Basic Size
_  Tol) (Basic)_ Tol.) (Basic)
2 Solid cut
3 Solid cut
4 Solid cut
5 Solid cut
2 (0.254)
6 3(0.076) 0.330
()
2(0.254)
7 f 4(0.127) 0.381
@
4(0.127)
3 5(0.064) 0.191
N
8 >
7(0.381)
9 I (9)(0.076) T 0.457 1.41
10 Solid cut
11 Solid cut
12 Solid cut
13 Solid cut
12(0.064)
14 13(0.064) I 0.178
l @
10(0.102)
15 11(0.076). 0.178
(D)
) 10(0.102)
16 12(0.102) I 0.204
W
12(0.102)
4(0.127)
18 9(0.076) 0.241 0.98
(8 (0.038)
) 17(0.051)
19 18(0.038) ! 0.089
l ©
4(0.127)
5(0.064)
0.076
20 2l ) 0.381 1.26
18(0.038)
l 20(0.076)
17(0.051)
18(0.038)
21 0.165
20(0.076)
| @D
3(0.076) _
4(0.127)
22 l 9 (0.076) 0.406 1.31
18(0.038)
22(0.089) _|
3(0.076)
23 20(Q.076)
23
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Li Balance Dimensions Stock Removal
me .
No. Loop Diagrams Toleraces | Basic Size | Toleraces |Basic Size
(+ Tol.) (Basic) (+ Tol.) (Basic)
17(0.051)
24 18(0.038) 0.178
22(0.089)
»
25 18(0.038) 0.051 0.30
23(0.013) I ' '
) 10(0.102
26 25(0.013) 0.153 0.81
26(0.038)
25(0.013)
27 26(0.038) 0.051
L o |
17(0.051)
28 25(0.013) 0.102
26(0.038)
ob
11(0.076)
29 25(0.013) 0.165 0.83
26(0.038)
29(0.038) _|
13(0.076)
25(0.013) I 1
30 26 (0.038) 0.178 0.86
G0)(0.051)
29(0.038)
31 30(0.051) 0.089
D)
: 26(0.038)
32 l@ 30(0.051) 1 0.089
27(0.051)
33 0.089
33,
9(0.076)
25(0.013)
34 26(0.03%) 0.165 0.83
| Q(oin)
25(0.013)
35 0.026 0.25
(335)(0.013) I
p 27(0.051)
36 35(0.015) 0.064
6o
36(0.064)
37 I G79(0.025) T 0.089 0.38
27(0.051),
30 (0.051) I
38 35(0.013) 0.178 0.86
37(0.025)
38(0.038) 1
39 Solid cut
40 Solid cut
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Line Basic Size (Basic)
No. W orking Balance Loop Diagrams
Dimensions Dimensions
10.31
40 2.15 32.26
I 39.32
>—I
39
I 33.32
39 44.34
32.26
I 3932
D)
38 32.26
32.26
aD
37 37.28 I 33.32
L
G6 €, SR37
36 37.66 ) 373728
<)
J 33.32
35 46.17
3226
I 41.15
34 4.34 36[37.66
I 3332
]
35[46.17] I
33 2.54
J_ 33.32
1 10.31
SR35 G2
35[46.17
32 5.02 v 86} £ G®[B2.26]
SR38 3376 !
! 41.15
SR38 b
0,86}—% 38[32.26
31 39.46
10.31
L
SR37 D)
0378
- . 37[37.28 \—‘é
) I 33.32
I 10.31
29(5.97]
(X))
»—I“
30 33.49 35[46.171
l 37[37.28
3832 26] 1
SR38
'SRW
)3 ) 16 37[37.28 25378
: 1 3332
L
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Basic Size (Basic)

Line .
R Loop Diagrams
No. Working Balance P B
Dimensions Dimensions
@D
SR37
- 37137.28 %04378
27 8.51 I 33.32 -
32.26
l 41.15
2o
26 37.91 I 278511
SR35
0.25 14 35[46.17
>
25 46.42 [ 26 37911
1 27B3d
24 4.97
o 03
24
23 17.85 3337
12.7] |
)
SR25 %
0.30 25[46.42 -
22 31.10
21 22.82 23 753
24
»@I
21[22.82
20 13.25 22[31.10]
24 o
(D)
19 36.07 20
21[22.82
®
18 46.72 SR25 | I
Z 25[46.42
@
17 10.65 18[46.72) i
[ 1936.07
SRI17 8
6 375 0.81 2 17[10.65
: 26 [37.91] Z0.81]
2 35[@6.17] SR26
15 6.00
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. Basic Size (Basic)
Line

No. W orking Balance
Dimensions |[Dimensions

Loop Diagrams
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(D)
0.86 30[33.49]
SR30
L4 31.40 —
I (3.37]
B32.26]
I 41.15
(D)
13 42.86 . L4 B LA0]
SR17
WFT¢% 17 [T0.65]
12 11.46 ey -
170065 |
12 im
11 1.71 '
L5
143773
(D)
10 7.71
15
9
25[46.42] l
9 13 .68 [ 2637.91
08314
SR 34 34
4F44Q24441
913.68]
3 18.53 18[46.72] l
SR20
20 A [1.26]
7 15.09 ;
: | 9 1368 hiesy
6
9[13.68] Bl
SR22 SR9
22 g U
72
6 15.7 %R3205 25[46.42]
27[8.51] I
34
5 15.50 —
18[46.72] J
4
3 34.03 : (15.50]
§[18.53]
3
1 6 [15.72]
4 33.40 — :
! 9 [[363]
18[46.72]
2
2 49.12 : Alardn

6 [15.72
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AB |C DE H
LINE | OPER | MACHINE | WORKING DIM. BALANCE DIM. STOCK REMOVAL
NO. NO. USED BASIC | +TOL/2 BASIC +TOL/2 BASIC +TOL/2
49.12 0.254 1 Solid cut
33.40 0.076 2 Solid cut
34.03 0.127 Solid cut
15.50 0.064 4 Solid cut
15.72 0.330
15.09 0.381
18.53 0.191
13.68 0.076 1.41 0.457
7.71 0.102 6 Solid cut
1.71 0.076 Solid cut
11.46 0.102 Solid cut
42.86 0.076 9 Solid cut
31.40 0.178
6.00 0.178
3.75 0.204
10.65 0.051 10 0.81 0.153
46.72 0.038 11 0.98 0.241
36.07 0.089
13.25 0.076 12 1.26 0.381
22.82 0.165
31.10 0.089 13 1.31 0.406
17.85 0.165
497 0.254
46.42 0.013 14 0.30 0.051
3791 0.038 15 0.81 0.153
8.51 0.051
2.16 0.102
5.97 0.038 16| 0.83 0.165
33.49 0.051 17 0.86 0.178
39.46 0.089
5.02 0.089
2.54 0.089
434 0.038 18 0.83 0.165
46.17 0.013 19 0.25 0.026
37.66 0.140
37.28 0.025 20 0.38 0.089
32.26 0.038 21 0.86 0.178
4434 0.051 22 Solid cut
215 | 0.191 3 Solid cut
BLUE PRINT RESULTANTS
33.32 0.127 33.32 0.102
10.31 0.254 10.31 0.076
3.96 0.127 3.96 0.127
32.26 0.508 32.26 0.038
41.15 0.127 41.15 0.076
39.32 0.051 39.32 0.114
2.86 0.191 2.86 0.344
2.77 0.254 2.77 0.216
12.70 0.127 12.70 0.127
2.20 0.254 2.20 0.140
d‘ a A o [ A
51U 3.2 umugiianuaaanaeulualedan 3
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o

Tolerance chart
A [Bc D E F G H I JoK L
OoP Reference Working Dim. Stock Removal
Machine used

No. Cut Basic +Tol/2 Basic +Tol/2
A0 0.00 0.000 ¥ 0.00 Solid Cut
LO 44.99 0.127 ’ 0.00 Solid Cut
DO 9.80 0.127 2 0.00 Solid Cut
10 3387 0.127 3 0.00 Solid Cut

Al 8.92 0.064 a4 0.88 0.191
KO 278 0.064 5 0.00 Solid Cut
HO 13.92 0.064 6 0.00 Solid Cut

L1 42.71 0.127 1.39 0.445

11 3159 0.127 4 8 1.39 0.445

D1 8.16 0.064 9 0.76 0.128
E0 10.96 0.064 10 0.00 | Solid Cut

A2 741 0.064 11 0.76 0.128

K1 2.52 0.064 12 1.01 0.256
JO 043 0.064 13 0.00 Solid Cut

H1 13.66 0.064 id 14 1.01 0.256
FO 4.07 0.064 15 0.00 Solid Cut
BO 5.13 0.064 1§ 0.00 Solid Cut
co 4.37 0.064 4___12 0.00 Solid Cut

D2 7.03 0.025 18 0.38 0.089

A3 6.35 0.064 19 0.68 0.089

K2 2.37 0.013 20 0.53 0.166

H2 1351 0013 21 0.53 0.166
GO 43.67 0.038 22 0.00 Solid Cut

Bule Print Result

Basic | +Tol/2 Basic | *Tol/2

1.60 0.254 1.60 0.217

—eo

2.36 0.254 o lo 2.36 0.217

6.35 0.254 11 4 6.35 0.064

3.18 0.254 — e 3.18 0.217

10.80 0.254 11 I 14 10.80 0.217

2.37 0.025 2.37 0.013

30.16 0.051 —e 30.16 0.051

30.16 0.254 30.16 0.344

15.88 0.025 15.88 0.026

3.18 0.254 —e 3.18 0.166

41.28 0.254 41.28 0.344

1
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Resultant
B asic Size | Toleraces Loop Diagrams
(Basic) (+ Tol.)
12(0.064)
17(0.064)
1.60 0.217 19 (0.025)
20(0.064)
>
12(0.064)
18 (0.064)
2.36 0.217 190.025)
20(0.064)
2.36 .
20(0.064)
6.35 0.064
635
10(0.064)
11(0.064)
3.18 0.217 12(0.064)]
19(0.025)
12(0.064)
16 (0.064)
10.18 0.217 119(0.025)
20(0.064)
10.80
21(0.013)
30.16 0.013 I l
22(0.013)
2.37 0.051 23(0.038)
2.37
9(0.127)
10(0.064)
12(0.064)
30.16 0.344
20(0.064)
30.16
21(0.013)
15.88 0.026 ) 22 (0.013)
[15.88]
12(0.064)
14(0.064)
3.18 0.166 &192(0.025)
< 21(0.013)
8(0.127)
10 (0.064)
12(0.064)
41.28 0.344 19(0.025)
20(0.064)
[41.28]
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Li Stock Removal
imne .
N o Loop Diagram s Toleraces Basic Size
(+ Tol.) (B asic)
2 Solid cut
3 Solid cut
4 Solid cut
3(0.127)
5 0.88 0.191
G(0.064)
6 Solid cut
7 Solid cut
2(0.127)
8 1.39 0.445
8)(0.127)
3(0.127)
4(0.127)
? 5(0.064). 1.39 0.445
GX0.127)
5(0.064)
10 0.76 0.128
T0(0.064)
11 Solid cut
10(0.064)
12 0.76 0.128
@2(0.064)
5(0.064)
6(0.064)
b3 410(0.064) 1.01 0.256
A3)(0.064)
14 Solid cut
5(0.064)
7(0.064)
15 10 (0.064) 1.01 0.256
° (5)(0.064
16 Solid cut
17 Solid cut
18 Solid cut
12(0.064)
19 0.38 0.089
T9(0.025)
19(0.025)
20 0.68 0.089
QC0(0.064)
12 (0.064)
13(0.064)
21 0.53 0.166
.19(0A025)
QD(0.013)
12 (0.064)
15(0.064)
22 119(0.025) 0.53 0.166
@2(0.013)
23 Solid cut
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Line W orking .
No. |Dimensions Loop Diagrams
23 43.67
2.37
T 15.88
22 13.51 )
21 2.37
20 6.35
19 7.03
18 4.37
17 5.13
[6.35]
16 4.07
10.80
@
12 7.41 =S R 19
L0338
12
[ )
15 13.66 o
b _SR22
22[13.51 Z10.53
@
14 0.43 _
'—I
12
>
13 2.52 19
o 7.03] |
21[31.16 S
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Line Working .
L D
No. Dimensions oop Diagrams
. 10.96 . 14 [13.66
~
J
()
10 8.16 SR35 1}
Z
0.2214 12 4 [160]
. 9
SRI12 |
0761 A«—12 o7 47]
9 31.59 Lo
10.80
30.16
. 3
l 9 [1.60
8 42.71 [(30.16]
7 13.92
SR15
1.01
6 2.78
13 [13.31
5 8.92
4 33.87 ) o BT39 g5 RS
Z SR10 :
10[8.16]_Z %557
€D)
3 9.80 L
0.881 7 5
. 2
RS 7 5[8.92
A
2 44.99 0.58

160
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LINE | OPER | MACHINE | WORKING DIM. STOCK REMOVAL
NO. | NoO. USED | BASIC | +TOL/2 BASIC | +TOL/2
1
2 4499 | 0.127 ) 0.00 | Solid cut
3 980 | 0.127 5 0.00 | Solid cut
4 33.87 | 0.127 A 0.00 | Solid cut
5 892 | 0.064 ) 0.88 0.191
6 278 | 0.064 0.00 | Solid cut
7 13.92 | 0.064 7 0.00 | Solid cut
8 4271 | 0.127 g 1.39 0.445
9 3159 | 0.127 9 1.39 0.445
10 8.16 | 0.064 L0 0.76 0.128
11 10.56 | 0.064 T 0.00 | Solid cut
12 741 | 0.064 12 0.76 0.128
13 252 | 0.064 s 1.01 0.256
14 043 | 0.064 P 0.00 | Solid cut
15 13.66 | 0.064 15 1.01 0.256
16 407 | 0.064 Iy 0.00 | Solid cut
17 513 | 0.064 7 0.00 | Solid cut
18 457 | 0.064 | 0.00 | Solid cut
19 703 | 0.025 : 0.38 0.089
20 635 | 0.064 N 0.68 0.089
21 237 | 0013 ) 0.53 0.166
22 13.51 | 0.013 » 0.53 0.166
23 43.67 | 0.038 3 0.00 | Solid cut
BLUE PRINT RESULTANTS
1.60 | 0.254 1.60 0.217
236 | 0254 2.36 0.217
635 | 0254 6.35 0.064
3.18 | 0.254 3.18 0.217
10.18 | 0.254 10.18 0.217
30.16 | 0.025 30.16 0.013
237 | 0.051 237 0.051
30.16 | 0.025 30.16 0.344
1588 | 0.025 15.88 0.026
3.18 | 0.254 3.18 0.166
4128 | 0254 41.28 0.344
~ a A o oA
ﬁﬂ‘ﬂ 4.2 Lmugnmwmmmﬂa@uiuma&nm 4
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Tolerance chart

4]

Bl

3

i

A8 cD EF G H K LM NoO
OP Reference Working Dim. Stock Removal
Machine used
No. Cut Basic | +Tol/2 Basic | +Tol/2
A0 0.00 0.000 | 0.00 Solid Cut
FO 234 0.031 1 0.00 Solid Cut
HO 0.62 0.031 ._% 0.00 Solid Cut
10 1.81 0.031 3 0.00 Solid Cut
KO 0.82 0.031 ._1 0.00 Solid Cut
o0 4.03 0.062 5 0.00 Solid Cut
K1 2.30 0.005 6 0.33 0.067
o1 1.39 0.005 7 0.34 0.072
Al 4.36 0.005 8 0.28 0.041
C0 0.63 0.015 9, 0.00 Solid Cut
DO 1.37 0.010 10 0.00 Solid Cut
F1 183 0.003 11 0.23 0.013
H1 240 0003 12 0.29 0.044
il 358 0.003 13 0.29 0.044
02 550 0.015 14 0.25 0.025
K2 4.15 0.003 15 0.22 0.008
LO 5.16 0.010 16 0.00 Solid Cut
MO 0.63 0.015 17, 0.00 Solid Cut
EO0 3.94 0.015 18 0.00 Solid Cut
GO 188 0.015 19 000 | Solid Cut
Jo 363 0.015 20 000 | Solid Cut
BO 0.13 0.010 0—»21 0.00 Solid Cut
NO 5.25 0.002 22 0.00 Solid Cut
D1 0.98 0.010 23 0.26 0.030
L1 377 0010 24 0.28 0.040
D2 0.75 0.005 25 0.23 0.015
L2 375 0.001 26 0.25 0.026
F2 0.72 0.002 27 0.24 0.020
12 247 0.002 28 0.24 0.020
H2 1.28 0.002 29 0.24 0.020
K3 3.03 0.002 30 0.24 0.020
Bule Print Result
Basic | +Tol/2 Basic | +Tol/2
0.13 0.015 —s 0.13 0.010
0.63 0.015 0.63 0.015
0.88 0.015 0.88 0.015
0.63 0.015 0.63 0.015
1.88 0.015 1.88 0.015
3.63 0.015 3.63 0.015
394 0.015 3.94 0.015
0.72 0.002 0.72 0.002
1.28 0.002 1.28 0.002
247 0.002 247 0.002
3.03 0.002 3.03 0.002
375 0.001 3.75 0.001
5.25 0.002 5.25 0.002
5.50 0.015 5.50 0.015

A A Ay v
5.1 !LN'L!J:]ﬂJﬂ']UJﬂﬁWﬂLﬂa@uﬂulQQWﬂIﬂillﬂﬂJ
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Resultant
Basic Size | Toleraces Loop Diagrams
(Basic) (+ Tol.)
22(0.010)
0.13 0.010
0.13
19(0.015)
0.63 0.015
0.63
22(0.010)
0.88 0.015 24(0.010)
h
18(0.015)
0.63 0.015 063
20(0.015)
1.88 0.015
21(0.015)
3.63 0.015
19(0.015)
3.94 0.015
3.94
28(0.002)
0.74 0.002
0.74
. 30(0.002)
1.28 0.002 ' Nos
29(0.002)
2.47 0.002
31(0.002)
3.03 0.002 303
27(0.001)
3.75 0.001
22(0.010)
525 0.002 . 23(0.002)
15(0.015)
5.50 0.015
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Li Stock Removal
ine .
No. Loop Diagrams Toleraces | Basic Size
(+ Tol.) (Basic)
2 Solid cut
3 Solid cut
4 Solid cut
5 Solid cut
6 Solid cut
4(0.031)
7 5(0.031) 0.33 0.067
(710.005)
_ 6(0.031)
8 L 700005 0.34 0.072
(800.005) ,
2(0.031)
9 17(0—005)1 0.28 0.041
(910.005) .
10 Solid cut
11 Solid cut
7(0.005)
12 9(0.005) ° 0.23 0.013
{210.003) ,
3(0.031)
l 7(0.005)
13 9(0.005) 1 0.29 0.044
130(0.003)
4(0.031)
4 7(0.005
14 9(0.005) 1 0.29 0.044
(4X0.015)
8(0.005)
15 | < 9 (0.005) s 0.25 0.025
J__ @5(0.015)
9(0.005)
16 0.22 0.008
16X0.003)
17 Solid cut
18 Solid cut
19 Solid cut
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A9 5.325]131\1Llﬁ'ﬂ\1ﬂ’Zﬂ11ﬁ']u’)ﬂ!‘llL!'IYP’ILLﬁ%ﬂ’)"lﬂﬂﬁ?ﬂlﬂﬁﬂuﬂlﬂ\ﬁluﬁ@uﬂ"IiWﬁWI (99)

Li 7 Stock Removal
e .
No. Loop Diagrams Toleraces |Basic Size
(+ Tol) (Basic)
20 Solid cut
21 Solid cut
22 Solid cut
23 Solid cut
11(0.010)
24 22(0.010) 0.26 0.030
24(0,010)
- 17(0.010)
22(0.010)
25 24(0.010) 0.28 0.040
. 23(0.010)
24(0.010)
26 0.23 0.150
6(0.005)
24
4
l 25(0.010)
27 426(0,005) 0.25 0.260
< 27(0.001)
12(0.003)
28 0.24 0.020
2)
29 0.24 0.020
13(0.003)
22(0.010)
30 0.24 0.020
- 16(0.010)
22(0.010)
31 26(0.005) 0.24 0.020
(31(0.002)

1 v
ATNN 5.4 MTNLAAIANUATUINVUIAYDIVUADUMITNAR



Line W orking :
No. |Dimensions Loop Diagrams
31 3.03 T o
el
30 1.28 153
29 2.4 @
47 | |
o))
28 0.72 T4
- eD
27 3.75 J — J
22 3.77 T3 ]
0.13 o2&
24 0.98 4
o [088
2
26 0.75 @ %I{2236
24[0,98]
23
25 3.77 Le7s]
27 375 SOR2257
N 23
23 5.25 >_I
525
21
21 3.63 J
20 1.88
19 3.94
18 0.63
17 5.16
22
16 4.15 26
SR31
31[3.03] 0.24
- 1B
15 5.50 | 550] |

H 4
AN 5.5 MTNLAAIANUATUINVUIAVDIVUADUMITNAA (919)



Line W orking .
No. |Dimensions Loop Diagrams
()
14 3.58
SR29
29(2.47 0.24
(D)
13 2.40
12 1.83
11 1.37
10 0.63
9
9 4.36 SR 1
J 16[4.15 0.22
-
3 139 9[4.36 .
: SR 1
15[5.50] .25
@
7 2.30 9[@36 J_
JSR12 ®
l 12[1.83
6
6 4.03 L 1m30]
Gr39]  _HSRS
. 71230
4 181 9[4.36] i
SR 14
| 1435.58] Alio.29]
4
5 0.82 GO SR 7
712.30 033
- 7[2.30
20 Nrwrs ]
13[2.40 %R2193
2
2 2.34 . 1l 1p30
0.28 9[4.36
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AB C/D F FGH IJK LMNO
LINE | OPER | MACHINE | WORKING DIM. STOCK REMOVAL
NO. | NO. | USED | BASIC | +TOL”2 BASIC | +TOL”2
1
2 234 | 0.031 0.00 | Solid cut
3 062 | 0.031 0.00 | Solid cut
4 1.81 0.031 4 0.00 | Solid cut
5 0.82 | 0.031 0.00 | Solid cut
6 4.03 | 0.062 0.00 | Solid cut
7 230 | 0.005 7 0.33 0.067
8 139 | 0.005 034 0.072
9 436 | 0.005 9 0.28 0.041
10 063 | 0.015 0 0.00 | Solid cut
11 137 | 0.010 ¥ 0.00 | Solid cut
12 1.83 | 0.003 0.23 0.013
13 240 | 0.003 13 0.29 0.044
14 358 | 0.003 N 0.29 0.044
15 550 | 0015 15 0.25 0.025
16 415 | 0.003 ] 0.22 0.008
17 516 | 0010 P 0.00 | Solid cut
18 063 | 0015 18 0.00 | Solid cut
19 394 | 0015 19 0.00 | Solid cut
20 1.88 | 0.015 20 0.00 | Solid cut
21 363 | 0015 21 0.00 | Solid cut
2 0.13 | 0.010 0.00 | Solid cut
23 525 | 0.002 23 0.00 | Solid cut
24 098 | 0.010 ) 0.26 0.030
25 377 | 0010 25 0.28 0.040
26 075 | 0.005 ) 0.23 0.015
27 375 | 0.001 27 0.25 0.026
28 072 | 0.002 28 0.24 0.020
29 247 | 0.002 0.24 0.020
30 128 | 0.002 3 0.24 0.020
31 3.03 | 0.002 5 0.24 0.020
BLUE PRINT RESULTANTS
013 | 0.015 0.13 0.010
063 | 0015 0.63 0.015
0.88 | 0015 0.88 0.015
063 | 0015 0.63 0.015
0.19 | 0015 0.19 0.015
363 | 0015 3.63 0.015
394 | 0015 3.94 0.015
072 | 0.002 0.72 0.002
0.13 | 0.002 0.13 0.002
247 | 0.002 247 0.002
3.03 | 0.002 3.03 0.002
375 | 0.001 3.75 0.001
525 | 0.002 525 0.002
550 | 0015 5.50 0.015
A a A o oA
i‘]J“I/] 52 uwugmmwmmmﬂa@u“lumamm 5
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TOLERANCE CHARTING WITH A SPREADSHEET

Chalalai Wongwian and Yongyooth Sermsuti-anuwat
School of Industrial Engineering, Suranaree University of Technology

ABSTRACT

Tolerance Chart is a graphical representation of the
dimensions that occur during the production of a
machined part. This tool is used for checking if a
sequence of machining operations can produce a
workpiece to the blueprint dimensions prior to the
actual production. Manual tolerance charting has been
reported since the early 1950s. Despite the tolerance
chart is a most effective tool for process planning, the
charting of tolerances is a time consuming and error
prone activity. Therefore, the computerized tolerance
charting has been used to replacing manual charting. As
a result, a substantial number of computer programs for
tolerance charting are now available; but, none of them is
developed under a spreadsheet application. This paper
reports the research work on tolerance charting wsing
Microsoft Excel; particularly, the routine for constructing
the Rooted-Tree Graph for tolerance stack calculations in
the tolerance chart.

1. INTRODUCTION

A tolerance chart is a graphical representation of a
machining sequence for producing metal parts. The chart
shows the basic-size and the tolerance of each machining cut
and the amount of stock to be removed at each step in the
sequence. It is an important tool for process planning to
ensure that a tentative sequence of machining operations is
appropriate for producing a product of the required
dimensions

As carly as 1950, the tolerance chart was mainly used for
controlling dimensions of machined parts. Despite its
usefulness, charting of tolerances using this technique not
only requires a great deal of machining expertise but also is a
time-consuming and an error-prone process. In order to
alleviate the shortcomings of tolerance charting, Gadzala
(1939) proposed “thc method of traces™; then, Johnson, et al.
(1963) and Wade (1967) attempted to systemize the charting
procedures. It was not until 1984 that the computer was
introduced to chart the tolerances. The work of Ahaluwalia
and Karolin (1984) on the development a computer program
to assist in generating tolerance charts has opened up a new
area of tolerance charting by using a computer.

On the charting algorithm side, Xiaoging and Davies
(1988) developed a complex algorithm for tolerance chart
calculations; then, Whybrew et al. (1990) proposed a
method of using a rooted-tree graph for calculating
tolerance stacks. With the latter technique, Ngoi (1992),
applied the optimization technique for tolerance
allocation in the tolerance chart and proposed a method
of balancing the allocated tolerances.

At present, although there are many computer
programs for tolerance charting developed in various
programming languages and under various operating
systems, but none has been found to be developed under a
spreadsheet application, even though it is equipped with all
the facilities that tolerance charting requires.

This paper describes an ongoing research on the
development of a computerized tolerance charting
program using the Microsoft Excel and basing on the
rooted tree-graph for tolerance calculations.

2. ROOTED-TREE GRAPH APPROACH TO
TOLERANCE CHARTING

Fig. 1, taken from an example of Wade (1967), is the
blueprint of a simple machined part superimposed with
capital letters for surface identifications. A tentative sequence
of machining for this workpiece is shown in Table 1. To
identify a surface resulting from a machining operation a
numerical subscript is added to the capital letter; whenever a
machined surface is re-machined, the numerical subscript for
the newly cut surface will be increased by 1. This system of
surface identification 1s the essence of the construction of the
rooted-tree graph. The tolerance chart in Fig 3 is prepared
from Table 1 with the order of machining cuts are indicated
by numbers. This chart is slightly different from those of
Wade in that no intermediate balance dimension is shown
between the working dimensions. Since the tolerance is
concerned with only length dimensions, other dimensions of
diameters are all omitted from the chart.




172

A B c
I Y D
o \
25|
iy [ B P —
a -
o
Q | ?ﬁ
12+0.12 i 1210.02 §
50+0.05

Fig.1. Workpiece dimensions (in millimeters)

Table 1. Tentative machining sequence for the workpiece in Fig.

1.
OP No. M/C USED CulNO. | Relerence face | Machined face bo
10 W&S turret lathe I D0 co + CO
10 WES turret lathe 2 [&1] B0 « BO
10 W&S turret lathe 3 D0 AD + Bl
20 Harding chucker 4 Co Bl « Al
20 Harding chucker 5 [e01] Al « B2
30 Norton cylinder grinder 6 CO B2 « C1
40 Norton cylinder grinder 7 B2 Cl1 « C2
S0 Rough grind 29.6 mm. dia. - . B3
60 Harden -
T0 Lap centers - - * AD
80 Norton cylinder grinder 8 B2 C2
90 Norton cylinder grinder 9 C2 B3 . . .
100 Finish grind 29.6 mm. dia. Fig.3. Rooted-tree graph with
et - — Py ———- -1
A B c D
OP.NO. [Face Cut.| M/C USED ALY O STOER ERHOVA
BASIC | 4TOL/2 BASIC [ +TOL/2
10 Do W&S turret 0
10 o W&S turret | 25.880 | 0.050 1 solid cut
10 B0 W&S turret | 12.585 |- 0.050 2 solid cut
10 AD W&S turret | 50.350 | 0.050 3 solid cut
20 Bl H. chucker | 12.285 | 0.050 4 0.300 | 0.100
20 AL H. chucker | 24.120 | 0.050 s 0.300 | 0.150
30 B2 N.grinder | 12.180 | 0.005 [ 0.105 0.055
40 CcL N. grinder 12.120 0.005 7 0.060 0.010
80 2 N.grinder | 12.060 | 0.005 [ 0.060 | 0.010
20 B3 N. grinder | 12.000 | 0.005 [ 0.060 | 0.010
BLUE PRINT RESULTANTS
BASIC | £T0OL/2 BASIC | +TOL/2
12.00 0.120 12.00 | 0.065
12.00 0.020 12.00 | 0.005
50.00 0.050 50.00 | 0.100

Fig.3. Tolerance chart for the workpiece in Fig.1.
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Fig.2 shows the rooted - tree graph corresponding to the
machining sequence in Table 1. To draw the graph, start
with the node of the first reference face, DO, at the top. Then,
extend an arrow to the machined face of the first cut using DO
as the reference face; the arrow of cut 1 with the end node
of CO is now obtain. Next, the arrows of cuts 2 and 3 are
drawn to the nodes BO and A0 respectively. After this, the
arrow of cut 4 is then drawn to face B, which has been
previously machined to be face BO; therefore, the arrow
points to face B1. Repeat drawing arrows for the rest of all
cuts, the diagram of rooted—tree will be obtained.

To calculate a tolerance stack resulting from the
machining operations, for example between faces A and B,
look in the diagram for the last nodes representing the two
faces, viz. Al and B3; the tolerance stack is equal to the
sum of the tolerances of all cuts in the path from A1 to B3.

(Start )
- 1 |
I. Input data:
ref. faces and
M/Ced faces

| - |
2. Name cell (r, ¢) = (0,0 |
as RootNode

i1
3. Call "DrawTree"
module to draw nodes
with: 1st M/Ced face,
rand ¢

v
CEnd )

(a) MakeTree module

Similarly, the tolerance of the stock removal of cut 4,
is equal to the sum of the tolerances of cuts 2 and 4 in the
path from nodes BO to B1 or vice versa.

Table 2. Reversed paths from each node to the

roof.
Ho [ -Befmmee: | Machined Reversed Path
10 Root no Do
10 Do ) coDo
10 Co B0 BOCODO
10 Do A ADDO
20 €0 Bl B1CODO
20 Co Al Al CODO
30 Co B2 B2CODO
40 B2 Cl1 Cl1 B2CO DD
50 B2 ) C2B200D0
9) 2 :k} B3C2RB2CO DD

{Start)
i
1. Header = M/Ced face
Row =r1; Depth=c
!

2. Print: Range (RootNode)
offset(Row, Depth) = Header

T

No T
' Heade

- .il,-fe.ff._T'uce( i}
Yes |
Row = Row+1‘
. i

4. Call "DrawTree"with:
M/Ced face = Header,

r =Row, and

¢ = Depth + 1

Fig.5. Flowchart

3. ROOTED-TREE GRAPH WITH EXCEL

The rooted-tree graph generated by Excel 1s shown in
Fig. 3. Although the diagram is different from that shown
in Fig. 4, it still serves the same purposes. In this diagram,
each node symbolized by a capital letter and a number as
before. The root node is on the farthest left side of the
diagram; each node in each column is the child node of its
corresponding parent node in the left hand column and at
the same time is also the parent node of its child node in
the right hand column. No arrow link has shown in the

diagram, but it can be understandable that the nodes in two
columns side-by-side are the end nodes of a link.

Fig. 5 shows the flowchart of the algorithm for
generating this type of tree graph. The main program
module (MakeTree Module), with the flowchart in Fig. 5a,
is responsible for setting the cell name, as RootNode, for
writing a tree node, and set the first node to the cell
position of row 0 and column 0 of the worksheet. With
these data and the name of the first cut face the module
calls the sub-module, DrawTree in Fig.5b, to write all the
nodes of the tree.
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In this subprogram, the variable Header, which
temporally holding the name of the surface previously
machined or cut, is used for testing if a particular cut has
its reference surface being the machined face it holds. If
the result is true, then shift the RootNode cell to the next
row and the next column, and call DrawTree to print the
node name; otherwise, the next machining cut in the
sequence will be tested. This process continues repeatedly
until the nodes of all machined surfaces have been printed,
that is the diagram has been completed.

With some modifications by cooperating with other
program modules, the MakeTree module can be used for
generating the path from each end node of the tree to the
root node (or the reversed paths) as shown in Table 2,
which will facilitate the calculations of both the tolerance
stacks and the basic sizes in the tolerance chart.

4. TOLERANCE CHARTING AND EXCEL

One of the dominant applications of the tolerance chart
1s in the area of process planning for checking the practical
feasibility of a machining sequence. Any tolerance stack
problem if exists can be spotted by the chart and
modifications can be made iteratively to the sequence until
the chart arrives at a satisfactory result,

A spreadsheet like the Excel has an excellent property
in automatically updating the results when some
relationships or variables in the solution sequence have been
maodified or changed. The tolerance charting program
developed under Excel application can therefore make use of this
potential to its most advantage.

5. CONCLUSION

This paper reports some results of the research on
computerized tolerance charting using Excel which has
been being conducted in the School of Industrial
Engineering at Suranaree University of Technology,
Thailand. It demonstrates the computer routine for
constructing the rooted-tree graph which is a powerful
tool for calculating tolerance stacks. It is expected that
the research work, when completed, would be beneficial
to all the metal machining industries.
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