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This paper addresses the issue of over-constrained assembly in mechanical designs using hole-pin patterns. When two
hole-pin pairs are used, they can cause interference between components, leading to assembly failures. To mitigate this,
designers often enlarge holes relative to pins to have a large float. However, when functional requirements do not permit
significant float, field design engineers tend to add more assembly features, hoping them to mutually limit the float allowed
by others. This numerical study employed two commercial tolerance analysis programs to demonstrate that these design
changes could not sufficiently reduce float to justify added costs. Instead, this paper proposed an exactly-constrained design by
replacing one of the holes with an elongated hole. Numerical analysis showed that this approach significantly reduced float
compared to current design practices. This paper logically explains why this must be the case. It is hoped that this study
contributes to the advancement of mechanical assembly design practices by adopting the exact constraint concept.
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NOMENCLATURE Ry, o» = Probabilistic Float Range of x or y Displacement in
| f Hol Mass Production
A = Size T H i e .. .
iz Size Tolerance of Ho e/ITm ) R prob Probabilistic Float Range of Rotation in Mass Production
Owp,wep = Worst Case Boundary Diameter of Hole/Pin TOP — Tolerance of Position
@up, mmuc = Maximum Material Condition Diameter of Hole/Pin w, —  Width of Slot
@wp, e = Least Material Condition Diameter of Hole/Pin
Vi, ma Maximum Case-specific Float Range of x or y
Displacement
. . . 1. M2
romee = Maximum Case-specific Float Range of Rotation
Ry, max Maximum Float Range of x or y Displacement in ) ) )
A z72] 7]51% 4 (Geometric Quality): 7]%, A12)4, 41|
Mass Production . Frorsh THRol A 205, A|Eo] Aio| TwshE
= o S|, A= o
Ry mee = Maximum Float Range of Rotation in Mass Production ¢ o e =u oAl Al Tee T A

ajAe] a7t AR dAEA 1 Fewst B8 A% gl
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Fig. 2 Assembly-guaranteed design of each hole-pin pair based on
the worst-case boundary (WCB) concept
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Fig. 3 Part drawings of the base problem, showing size and position
tolerances for holes: (a) Part A and (b) Part B. All numbers
in [mm]
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Fig. 5 One situation enabling maximum float in the base problem
with two hole-pin pairs. All numbers in [mm]

Hole
Hole
Aemax C
Pin
Y
L
(@)
Pin
_Aemax
\
Y Hole Pin

Hole
X

(b)
Fig. 6 Two cases of extreme rotational float of Part B, rotated about
the midpoint between the holes, with LMC holes and LMC
pins and no positional errors as in Fig. 5
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Table 1 Analytical and numerical solutions for maximum float ranges of
Ax, Ay, and A@ among the mass-produced assemblies in the

Table 2 Numerical solutions for maximum and probabilistic float
ranges of Ax, Ay, and A@ in the base problem with two hole-

base problem with two hole-pin pairs pin pairs
Analytical Numerical solutions Maximum float range  Probabilistic float range
solutions S/W A S/W B (R, max) (R, prob)
Re max [mm] 0.75 0.75 0.7499 Swa  SWB  SWA  SWB
Rt‘), ma [o] 5.3720 53710 5.3708 Rv [mm] 0.75 0.7494 0.5066 0.4756
Ry[°] 5.3710 5.3708 4.0456 3.6641

Hole-Pin Pair #1 Hole-Pin Pair #2

Tolerance
Zones
} { I l
| I I I
| I 1 I
Il I 1 I
I I 1 I
I | 11 I I
I | | I | Il [ | |
% M A Wk e
L 0.125 0.125 0.375 0.125 0.125 0.375
X
(a)
Hole-Pin Pair #1 Hole-Pin Pair #2
Tolerance

Zones

|
I‘_'I lﬁl lﬂ'ﬂ
0.375 0.125 0.125

Y — i

[ 0375 0.125 0.125
X

(b)

Fig. 8 Two extreme cases among mass-produced assemblies, which

3

allow (a) maximum possible negative Ax float and (b)
maximum positive Ax float. All numbers in [mm]
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Fig. 9 A case of two holes with positional errors in opposite directions,

illustrating the effects of two hole-pin pairs mutually
inhibiting excessive float of the other. All numbers in [mm]
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Part A

k:y
X
(b)

Fig. 10 Two example designs obtained by adding extra assembly
features: (a) one hole-pin pair added, and (b) two slot-tab
pairs added
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Fig. 11 Drawings of two example designs shown in Fig. 10, with

extra assembly features added. All numbers in [mm]
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Table 3 Comparison of numerical solutions for probabilistic float ranges of Ax, Ay, and A among the base problem and two example problems
with extra assembly features added

Numerical solutions for probabilistic float ranges

Base problem with two Problem with three Problem with two hole-pin pairs
hole-pin pairs hole-pin pairs and two slot-tab pairs
S/IW A S/W B S/W A S/W B S/W A S/W B
R, prop [mm] 0.5233 0.4929 0.4717 0.4629 0.4372 0.4339
Ry, prop [mm] 0.5066 0.4756 0.4507 0.4483 0.4392 0.4345
R prov [°] 4.0456 3.6641 3.8001 3.5937 3.7287 3.3008
Part A Part A

True Posmons

Y

L=

Part B

(a)

@%e

Part B Clrcumcenter of
Triangle DEF

Y

L

(b)

Fig. 12 Consideration of maximum float ranges possible in the two designs in Fig. 11, with extra assembly features added: (a) Translational

float only and (b) Rotational float only
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A and one hole and one slot in Part B

Sgo] Whsteln @ v thE YA 5ol o2 Wlsh]
oItk ol 713 EAlel4 B8 L5 WPt A 3%

Flttct RS Aol ol0.3)9 SN olelet ol 6. T 2R W

oM 2YBA Aol B B Fig 11(0)e] Aol ¥5 Hirt

o o] 74t Aow &

2l7]= g

T B vugte 2 A8

4.4 ZRYT T2 SOKY TR

Fig 119) 4AS 712 BA|(Fig 3] 2AGAES F710
Aolow, 4 % AR v]ge] F71E Sura Flole. vlge]
7k Fun 47 Sol wet tEos PO Lojsl]
L oj#t}.

3k 27 Golde Aske 4 k. 1 ol
o A7t obAA o5 B U] Slat welo] Was)
wjRoltt. Z, 2YFA 4 Ao]9] 2ol & AL 7} o] 27
2 47 B FAR, BE o] 2YEE 9IXF 2] Slat 91X
274 WIS B¥ 29 HYS oA T 4 U2 Aolt.

= zal-(sﬂ;z.” »V\]-

4
30

5.1 Hgr|efe| v

A7 g e A o A= mpeJA|oFo] of
d AgAol AAE Fo) RES 2 4 glex] nakely| o
o} TAIA 0.2 Fig. 130] 291 o] 7]& BANA FE
Bo] 27 ¢ & s R (EE )= |
o] =¥ R thF A HAA|F AA HHo|tH2].

Fig. 13014 5 238 XJo] o] A2 AJokS B8] 1A}, 94
= RE Abo] Wae| ofs) 3710] AFEst Aok RS 7
2 2Aoh 2. o)A -1 2YY SE-W 2YS A,
Fig. 139] A 3latg7} BojfTo|, 2y-g =3 Aol 23|
X, Y 5 9% A Aot AL, S5-9 Aol siM=
Y=g Al H’TE‘{P AloFEr. o714 g3x-1 Aol o't Y

[¢]



154 / February 2025

>8] 5]
'TT- e

T
T ! 475
‘ - ‘ | as
P ‘ — ©® QT [@] 025 [A[BIc]
/ [ [ \ 2XR

Lox @as (SR N
[ 5475
| o 45

¥ L*
(a)

Fig. 14 Drawings of the exactly constrained assembly design:
(a) Part A, and (b) Part B. All numbers in [mm]
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Fig. 16 Maximum rotational float of Part B in the exactly constrained
design in the situation shown in Fig. 15
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Table 4 Comparison of numerical solutions for probabilistic float ranges of Ax, Ay, and Af among the base problem, two example problems
with extra assembly features added, and the exactly constrained problem

Numerical solutions for probabilistic float ranges

Over-constrained

Exactly constrained

Base problem with two
hole-pin pairs

Problem with three
hole-pin pairs

Problem with two hole-pin
pairs and two slot-tab pairs

Problem with one hole-pin
and one slot-tab pairs

S/W A S/W B S/W A S/W B S/W A S/W B S/W A S/W B

R, prop [mm] 0.5233 0.4929 0.4717 0.4629 0.4372 0.4339 0.4047 0.3998
Ry, prop [mm] 0.5066 0.4756 0.4507 0.4483 0.4392 0.4345 0.2902 0.3072
R prov [°] 4.0456 3.6641 3.8001 3.5937 3.7287 3.3008 2.0210 2.2860
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