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Precision forming for class-1 gear involute artefact
considering the evaluation range
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(1. Key Laboratory for Micro/Nano Technology and System of Liaoning Province, Dalian University of Technology,

Dalian 116023, China; 2. Key Laboratory for Precision & Non-traditional Machining of Ministry of Education
Dalian University of Technology, Dalian 116023, China)

Abstract ; The gear involute artefact (GIA) is the benchmark for the trace of involute gear profile deviation and the value-transmission of
involute profile. It is the standard for calibrating the instruments for measuring gear involute profile. However, there is no class-1 GIA
that can meet Chinese national standard of GIA GB/T 6467-2010 at present. Requirements of the evaluation range and profile form
deviation of class-1 GIA are extremely strict. The arc length within the non-evaluation range of the tooth root is only about 0.1 mm,
which is easy to be affected by the machining error. It may result in undercutting or incomplete machining of the tooth root. Then, the
tolerance of profile form deviation is exceeded. In this article, the mathematical model of the relationship between the initial rolling angle
error and the involute profile deviation at the tooth root is formulated. The reason for the out of tolerance of the profile form deviation at
the tooth root is analyzed, and the model is verified by the Siemens NX motion simulation and CAD simulation. Based on the above
model, a machining method for tooth root at GIA with gradually modified is proposed, and a new kind of GIA with three base circle
parameters is processed by the proposed method. The profile form deviations f;, <1 wm within the evaluation range of four teeth are
processed, which meets the requirements of Chinese national standard of GIA GB/T 6467-2010 for the evaluation range and the profile
form deviation of class-1 GIA. This research provides a process method support for the precision manufacturing of class-1 GIA.
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to the parameters of GIA/parameters of gear artefact
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Fig. 1 Principle of involute machining with the rolling method
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Fig.2 The influence of cutter on involute profile

in the presence of rolling angle error

ntEl 2 frzs , DLRE R IR0 SR O, LLE R AL T
2R RS B R E IR 15 Y SR 2 O o il S ST T A A
PR FEFEAR ry,  WOTLRIT A 6, BT LR I T
FRZE N 1, PG AR B i Az g Y R TT M E L

0~0, , SEPRAIR 3 i iz S JETT TR 1~ 6, .
TEIZAR R 2 T ARHERIT L ARAR (e, y,) N
x, =r,cosf +r,0sinf
. (1)
y, =r,sin@ —r,6cosf
IR REITMIRZEN ¢ B, A7 160 TR 22 1 1A M
TBRETIT L AR (x, y) T2 -

y =x tant — Nt (2)
cost
P VT T 2 1 A 25 A2
XL Ty,
yLz_tanﬁ sin 6 (3)

FETF a0 &b Fr v T 28 19 % A 28 5 S s i T 2611
i (x,, v ) AR

r, cost + rytsinf

T cos(t —6)
r, sint — rytcos 6 (4)
B cos(t — 0)
JEFF A 0 AEFER] A8 (v, ) T
x, =r, cosf
(5)

Yy, =r,sinf
WA e LA TR TF MR 22 ¢ s, S B i o 28 0 25 B 92
W2 YRR BT B O 22 f, W6 2

o= e, =x )+ (y, =y ) -
(%, =x)7 +(y, —v.)° (6)
FERIAb 145 B AR 22 f, Tl A2 -
fo =1, tant — Nt (7)
cost

PRI YA AR T MR 25 =0 B, I TR A 2 bR e
WiTek . 2MEIHREIF M2 >0 B, WK 2(a) Fiw, B
FEFE 0~ 0, 30 Bl PN 8 145 BT AN T, Herp i T 28 32 5% i Jé
Tl 0, =1, BRIBRIFMIRE 1<0 B, WE 2(b) FiR,
JRIFF1 0~ 6, 3 [l PN 19147 R & R AR YT, JHE v e F 4R 32 52 i)
JRITHA 6, W 2 .

sin(t —6,) +6,cos(t -0, =1t (8)

N 3(a) Fil 4 FTLLE B, Y06 BT MR 25 ¢ 4
XHEAR R, AL 4h B MR 22 ¢ X LR b 145 56 I 22 f,, 1Y
S R/ AR 5 I AR B o T >R G SR I AR 2 1>0
BF WAz I M 60, 5 R MiR2E « MR, R IG E
FEARZE 1<0 B HTF 32 52 R I A 6, 2902 8 i e I
FAIRZELHE 11 12, Hi &z 2 mE M 0, 15
HEFMRE A%, SRR r,) JOC, RIT 2632 5%
el S I FR 0, W 2 .

t, t >0

(9)



ERTR: ve WY AR HE TR 1 Gt FE W e EARORG 25 B 1 39

ug o Fro SERGMRIC  FF LK 5 4 A2 L 1 T3 7 o

g 16 \\\ +7,=100 mm ity LSRR IR I M2 . i T ARIEA R THE S B A

IO 150 RN 25 8 22, 75 25 0 0 R O 102 25 38 /00

ﬁ 0 3% == - = e _200151;111 <t<00¢5larl o

sl c\zﬁ\ S

g -8t SNE- £3 HEERSHNHIRERIHERT &

.l ‘K\ Table 3 The initial evaluation rolling angle of GIA with

M5 2 1 0 12 3 4 s
EIGRIFAIREN)
(@) 2 [5 &b 7 I 420K S A 22
(a)Involute profile deviation at base circle
51 y
= s
ﬁ 3 m'/,
@ 2r \\.;g\ /*' ©r=50 mm
= Y N / +r=100 mm
K oIr S « 7,=150 mm
B ™~ - / +* 1,=200 mm l
%S4 3 2 0 1 2 3 4 s
BIBRITAIRZE()
(b) WITER 2R ETT A

(b) Affected rolling angle of involute

3 IR T 1% 22 0 Wi T2 B (52 0
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Fig. 11  Double roller-guide involute-measurement device
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