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In order to help design engineers to adopt the Geometric Dimensioning & Tolerancing (GD&T), this paper develops a step-
by-step method for tolerance design based on the function of the product and its parts. The procedure of this method
consists of (1) analysis of functions using Key Characteristics (KC) and Datum Flow Chain (DFC), (2) selection of datum
features, and (3) the selection of geometric tolerance types based on the functions. The rules and guidelines for the two
latter steps are given and explained in detail, in order that the design engineer can understand the reasons for the rules
and use them effectively. The method presented in this paper differs from other previous work, as it is based on the
functions, whereas we note that previous work typically focuses on the automation of the tolerancing task without due
consideration of functions. The paper also illustrates the developed method through two case studies: an axle-wheel
assembly model and a simplified refrigerator model. This geometric tolerance design method is not complete yet in the
coverage of various tolerances, e.g. size tolerances and profile, but may assist the beginning design engineer developing a
mastery over GD&T.

Manuscript received: October 30, 2017 / Revised: February 19, 2018 / Accepted: February 19, 2018

75k AkE AFso® Fojshs Ay FAMIA A28 919t
7t Jrk0 e 5, Hu & Xiong’S H-329] 34| (Feature)
d, A4, BHO R Ueal Ao wet A8 7hsSt 7|5kt
|tstStt. Davidson 1= IFoAs H& Ao 37] Y
AzFE 2t goldy Vs AE f5dhe 7N

1. M2

FH AR Foll ditt 84 o] okl whet, 34+ A
Al E o] thgk Aol wobA|aL Qlet. Eu 22 Ko 718}
L2} (Geometric Tolerances)7} =4 HZ 0 2 FHE| QS0 £

f
2 o

ox mlu au 2 B
i N
ri

T g A 7|PSS olE FEER} EL Zejambe] el 5 A AEsE 98 Aetn Aokt ®

U2+ (Plus-Minus) 325 AR-SHAL Qlct. Anselmetti’= CAD FE& 7|ulo g 7|alga}l AAE g0z
71QE0] 7IsFEAE 4] Eohal Qe 7P 2 olf= 1 A 23)5}7] 23 49] CLIC A|A8lL 7ukskeict.

de olgfistar A-galet W o] Washy| fjEoR Hel ey ol 7]E AF-=2 CAD RY2RE 7} §E0] 4

. ) Aol slont of Ak S, §9 FONE BAH 2 RIo RE o) A 728 spelsie o mmog 2

ol HAIR Q1A)Ee], HToll AARL 7|5keAt AAE 571 $ AAAE edetaR, AARTE owdt 7leS Aal whedst

3 7k Sawa ik hEAQ] o2, CAD A Qs & A stk @7k Ak ol Q3] Aol  7h4 BAE Al

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



434 / April 2018

o 4= ek A AR, 7] IolA] Bt SR 2o
HES JHIE 5= itk dlE &9, Wt $851L 913= F8
817 e Aol YA} FolA)2 0] Bask dlojo]
Aol 4 vlgel WHIE 4 itk 7 W b gk
glojg AAo g 9lsf
SRR RE——
(Chain)o] ZAol4 A7} =47 o] <ls)
A},

e Flalgal AAE AR s 4 ook 2 A
S dlole g Ak Ao, £ WAl BAje] £RE 24
SR oo, Al WA B 2he Hofske Rolch. Al W T
ol 2} Zko] AR AAb v 8-S THEHAA AR TaEA =
S 4§00l ST 4 slovl, Fsk el A4
W 2] B e 2E S Yo

o] =EolA= %lx} A9 A wiAet = WA @A, = dlold
9 7)35l31e] A 5= E(Rule)?} 7o =211 (GuidelineyS
kate], 718 Aot g AlEat 1E0) 7)so] dash M4
Qro] At A st sto] FAS wolaAtl gtk &, 71E
ZtolEelRle whet 58 a3t 7skeAlrt FojEs RS WA[staL
Hlolg e 7|5l FAsHAl Atz 757 Iute] AAA 2k
AAE Feke Aol

B =mo] 2oL S5l 1S F3) dolg /15
R e L
714 71571RE 12 fleiAe REEY = e
&3l= DFC (Datum Flow Chain)g 283k}, 37‘}01] 1“ 27H/]
AHIE ol & =EelA e S 7POIEE¥?_C’] ojgA 28

Lx= wol},

2. 7|78t 7Isks X EAH 719

1 olAE 1571 7151 A fid Bt so|=akel
& wEUTH 2 BANE olF 9 BRF VA by 47
s,

2.1 E2 E3(KC)R! He|

ARE2] 71 7ol 3ol T8kl Afe] FE e Al
A4 E= 7518 EAS £9 EA(Key Characteristic) T+
ZolA] KCe} 3! KCe 71418 7]153 ofe} Alnj4, He]
A, 3 4 5 FAY 715 AT Qo] 8% EAES

23t

KC9] oJu]:= Fig. 12] o2 E3]| 47 o33t 4= 31“%.“ o] o
}au 22 (Axle)} B (Wheel)?] 23S theal gled], 2}
2 sYYeRtY gy o] & 55 Yo Adshe= 7=
oF Flg lof] H.Q1 vk} o] 531 Hofl= o2 FAIE0] e
d], o] & YX7} 23 A|(Assembly Features), = 2ol o3}
= Aotk oA, X152 Hub Face®} Eo] Wheel Planeo]

J? r]r

L e

4_Studs 4 _Holes

Hub Face
Opening

Fig. 1 Features of an axle and a wheel'!

YL Z59] FYoll 3= Rimo] 2] Openingell 7914 ™
2}=0] 470 Stud7F Eo] 47 Holeoll 7|94 2HEH=E, o]50]
25 zERAoIt.

ol Xlw—-i‘:‘ﬂ 592 Aeghllo} slHte = ks 5
e W, Z2:3 = 7o KCrb aEolob
ek, 3 WA KC(KC 1) 21359] 24023} 0] F450] 52
(Coaxial)o|ofoF Tk HolE). o KCiz & o] 423l 914
off gt Zoln, o] 30| WEE|A] ¢kow X550l e o &
o] HAlE ) 3|Asl= EA7} shAELh £ A KC(KC 2)=
Zl=90] A= &o] HWrHo] 4=&](Perpendicular)o]ofof k=
Zoltt. o] KC= 7 FA2] AAeh21Ql Jakel digh Ao, o] A
o] W] oo o] Sl v ol site] Hul vhol o]
2] 93 527 (Wobble) Elct. weba) 223} He) Za7)
£ & "= o] 7 KC7t RIEA] =5 sfof gt

2.2 Datum Flow Chain (DFC)2| &k

DFCZ 7t KCO| &S 9l8l| Fagh, §& Ato] = FA| A
o]9] A Aok TAE HHSH= Awolct.? 2. 1A gt
A}=-20] 495 o= 5o DFCe| thsf 7teFs] Al

Fig. 20]| A=3h o) 270 tfgt DFC7} Ql=d, H5ol= 2
S 11 JAIE, $5ole g L FAIS0] #AIE ] Qlt. DFC
oA FAEE H(Node, @)= FA=E=H], Fig. 204 A=304
Hof| Z}z} 4719} 3709] FAI7E S & 5 Utk DFCojlA] KC
€ ol 24tk 7 FAE ols AAew dAZsto] AR
Fig. 20] 2.180j|A A ]l KC_13} KC_27} #EA]=]o] Qi

DFCoj|A] A= Zmﬂb A== /ﬂi A==t Hell=
T 7 5, S A4 SRl fAlo] il o2 AR T
oJu|E 7HxIh. A4 SR EAE ?‘Jéf_’ A Aok o]
SH= Mate Uehiich. PRI 025 SHEZL Aldsls A7
shhE) Flel7)e @A) AgEs B ote] Sk Aok
o AL AGE Aok TSI ) BE 7 AAL w7
S 942 oulshH Contacte} F-Et}. DFCE 2HMdoh= 54
o] KCO| F-&of #oidt= FAIE Alole] At Aloks EA4I5H
g 9Jo=Z MateFt =23}, wglA Contacts w2 FA|E]
7% 3t}

Fig. 20 2709 Mater} Q=t], o4 2129 Hub Faced}




ro
H
0z
=
O
o
Toh
A
2
w
a
il
=
N
to

April 2018 /435

4Holes

KC_1
Ri m )

/ i

3)

Opening

Hub Face Wheel Plane
[

Fig. 2 DFC of the axle-wheel assembly!!
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Table 1 Common datum feature sets and corresponding degrees of Table 3 Candidates of geometric tolerances for common
freedom constrained by them combinations of datum-target features
Datum features "’ o Datum Geometric Candidates
No. Primary Secondary  Tertiary CDOF No.  Feature* feature” relationship of geometric
in between tolerances
DS#1 PL(L Z) R.\'> Rva Tz
- T1 PL None NA [J—
DS#2  A(ll2) T, T,
- T2 PL A Parallel s/
DS#3  PL(Lz) A(]l 2) R, R, T, T,T.
Intersect
DS#4  PL(Lz) PL(Ly) R,R,R, T, T. T3 PL A (0°< 0<90°) ¢ L
DS#s  A(ll2) Adlly) R Ry R, T, 1), I T4 PL A Perpendicular 6L
DS#6  PL(Lz) A(l 2) I—"Oim(%Z)*3 R,R, R, T, T, T: T5 PL PL Parallel s/
PL([[)0r . 3 Intersect
DS#7 A( H Z) pOil’lt(EZ) p01nt(¢z) R.\'> Rya Rza Txa Tva Tz T6 PL PL (00 < 9< 900) v
DS# PL(Lz) PLLY) PLUY) RoR.R.T,T,T. 7  PL PL Perpendicular o1
*'PL(Plane) = Plane, Tab or Slot; A(Axis) = Pin or Hole T8 A None NA 00—
*2CDOF = Constrained degrees of freedom -
*3Point(¢z) can also be PL or A that does not coincide with preceding T9 A A Coaxial © »z
datum features. T10 A A Parallel N
- . Intersect
Table 2 Guidelines for datum feature selection T11 A A (0°< 0< 90°) ¢ L
No.  Guideline T12 A A Perpendicular s 1
DGH1 patum features of a non-base part should be selected among TI13 A PL Parallel o/
its assembly features.
— - - Intersect
The largest eligible feature is selected for the primary datum Ti4 A PL o< g o ¢ L
DG#2 : : . (0°< 6<90°%)
unless otherwise required for the functions of the part.
- T15 A PL Perpendicular ¢ L
The form of the primary datum feature should be controlled
DG#3 to ensure repeatable inspections. *PL(Plane) = Plane, Tab or Slot; A(Axis) = Pin or Hole
DGH#4 The orientation of the secondary and tertiary datum features Note: If PL is a plane, straightness(—) and TOP(¢) cannot be used

should be controlled with respect to the primary datum.
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Fig. 6 DFC of the axle-wheel assembly with datum features(¥)
selected
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Table 4 Candidates of geometric tolerances for feature of axle and
wheel, with the selected ones underlined

No.  Part Feature Datum Rule Candidate
feature tolerances
1 Axle Axle shaft None T8 oo —
2 Axle Hub face Axle shaft T4 1
. Axle shaft T9 o 7z
3 Axle Rim Hub face T15 ¢ 1L
Axle shaft  TI0 s/
4 Axle Studs Hub face T15 1
5  Wheel Wh. plane None Tl [
6  Wheel Opening Wh. plane T15 oL
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7  Wheel Holes opening T10 Ny
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Fig. 8 Example drawings for the axle and the wheel
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Fig. 10 DFC of the refrigerator model with datum features selected
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Table 5 Candidates of geometric tolerances for features of
refrigerator, with the selected ones underlined

No. Part Feature Datum Rule Candidate
feature tolerances
1 Body PL B None T1 [
2 Body PL R PL B T7 L
PL B T7 L
3 Body PL LH PL R T7 N
PL B TS /
4 Body PL T PL R T7 T
PL LH T7 L
PL B T7 €
5 Body PL F PL R TS /
PL LH T7 L
PL B T7 €
6 Body PL_STP PL R TS Vi
PL LH T7 L
PL B T15 ¢ L
7 Body ll}g,ll, ; PL R T13 s f
- PL LH T13 s f
8 Hinge PL None Tl [
9 Hinge H 1,2 PL T15 oL
. PL T15 6 L
10 Hinge p H 1,2 T10 Ny
11 Door HL None T8 op—
12 Door H U HL T9 © -~z
13 Door PL B H UL T4 L
H UL T2 V4
14 Door PL R PL B T7 B
H UL T2 /7
15 Door PL LH PL B T7 L
PL R T7 L
I8 43I, PLBE 24 SOl PLRE 37 ol
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(b) KC_2 delivery

Fig. 11 Determination of geometric tolerance using KC delivery
paths for the refrigerator model
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Fig. 12 Example drawings for the refrigerator parts
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