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Investigation of temperature uniformity of profiled CBN grinding
wheel under high frequency induction brazing based
on response surface methodology
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Abstract: During high frequency induction brazing of super abrasive grinding wheels, it
was difficult to get a uniform temperature distribution on the grinding wheel surface, especially
the profiled grinding wheel. For this problem, a characterization method of temperature uniformi-
ty was proposed. Response surface methodology model of temperature uniformity and average

temperature was established based on the finite element method results. Based on this model,
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analysis of variance was conducted to investigate the influence factors on the temperature unifor-

mity of profiled grinding wheel. It was found that the degrees of the influence on the temperature

uniformity and average temperature from maximum to minimum were heating gap, induction cur-

rent and length of magnetizer respectively. With the target of average temperature and tempera-

ture uniformity, the optimal parameters were obtained based on response surface methodology

method. The experimental results verified that the error of the response surface methodology mod-

els was below 6.94%. Finally, high frequency induction brazing of profiled cubic boron nitride

(CBN) grinding wheel was carried out with the optimal parameters. A consistent brazing surface

with good spread ability was observed, indicating that good temperature uniformity on the pro-

filed surface was obtained during induction brazing.
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analysis of variance

X FAEGEb e, B2 5T 0 CBN #0568 76 5 |
23 LR BR 4 e R G 4 S i A R e R
AR S 11 o i AR AE A AR AR i B
AR A4S CBN B R AP A JE R 2 [ SE 8 T
S EE A AE A5 A AR T D R SRR CBN B KL Y
R HY HAED, WA R S R R A
I e AT RS RS, AT RS B O AT R =R, I
BN BT AR T2 B AT R AR (AT R
BN ARG AL TE R AT SR CBN AP AR 43R5 T
7z BN FHRUBESE o WF T B B v RO H I 1Y
A T DL SE I CBN 0 46 09 Jmy B 4T 18, DT A 24
Uk /D T AR AR X, B AT AR D AR RS T AR
T, B A % %) SRR R T AR — B2 I 5 v g e o,
5 FR] AR F J% L o A 2o R e i 4 R RN N i 2% K
L 7% B o | S A A T i 2k 5F 2% ) R R A
P T IR A3 AR Y 5) AT T BOTE L 0 R D AT
T — B R

BN IR E S R N R L2 A E R
Z L [ N A 0 A S 5T LA B T BB BN
5 41 Barka 587k H A R IC I 0F 58 T 14 46 2 T Rk
o7 YR KA 3R E S, BRI R R A R X 7 AR R
U R R ER B - 0B A = R v e - e Al 1]
14 B ] 28 R R o A ) R HE AT T 0 LB 5E L 48 R
il A A R oL AT R DA R O R AR S B
A FH S BN BB AR A5 S A i BRI R B 2 A
PE o B R ER T B2 BT A A A ol A D A S
LI AR B A A B U R A R X AT IR A B A PR
TCAT B A AR 5 26 VB 5 5 i A 1) 285 0 R SE X i
JEE 43 A ) B T A B SR L B T RN 2R T
P AVED B (BT HE o DL L WFoT 4 SR R W R H 3

FRE . 45 A 2 S R FE S s R Bl T
TR NN A R kA R B M 0 A MR AL R
BOME DL AR A3 B T2 2 800 M B e B RN A%
454 .

Wi JW7 [ 1A 7% (response surface methodology,
RSM) 45 & 78U Jr s Mg it 5 i, L TR Bt
T W AE 52 2 A 78 5 S 0 R AT RS A BT L e
A Z e B A 1% 05 vk B L Box il Wilson
T 1951 4R 48t B S 7E 0 A Bt ] 58 PR 40 A 45
GUBARAT Tz N o B TR N RO b ) H
il & T L B 22 H AR AL ) B8, H AT RSM 7220 AN
PR O AT AN D WEFEAGE o ) A0 AR R o A I
G Y THT A D] £ SRR Jin Ao i v ) B A
PUBRBEAT 1 OF 5, 208 ek w107 ) 185 23 1 S il
FERSHPE R T2 280, Khalifa Z8"5% F e py il i
25 N A2 28 45 G 1 5 e BIF 9 1 D 4 3% T Jk
0L VA R JBE 37 B 5 i R 3R B A HE R T T A R
T il o A 5 TR o X SE BT A5 R R
RSM 7E 80w i 4 5k 7 v 20 2 800 Ak %5 Oy T 2
EEIL AR A SR T

AR SCHE T RSM 73 B il B4 400 4 2% B BT 45 £ Tt
JE 43 A1 B 52 TR 2R, LA BE 38 50 B R0 SF- 2408 B2
H b, 57 2 B $0000 A A 4 5 B AR e B RS BT
A Z A5G FR, S W o 1 B B B2 T R R
b %6 B85 R FE Al

1 HRYFEEFRRIT

1.1 HRTER
P17 9 B 4 ik A M A7 2R S D 114
e 2 B R D S A ROST R B R, LR Ry 45



509

2R AT AR LT R [ T 9 1 B C BN T A T AR I T AR B 2 0 M A 1917

Al I

P L e A 2 0 B AR R s B P (AL - )
Fig.1 Geometry scheme of dovetail slot profiled grinding

wheel matrix (unit:mm)

B AT LA 2D A AR TR R Y il R AR R
N3 1.5 mm AT 1.6 mm, B R R AR, 0N
Bz,

JUA R RN & 2 (a) T 7R o 2% 1 3 R 4 1 %
PRtk JUAT AR AT 1/2, BRI 5D 46 Je A (48
WL SRR DL R R WA R R
I I3 T b 6 i A 7 16 o B AR, HE s B2 SR 273
mm , F T 55 %00 5 0 A4 1) JRE B L 4 B T R
PR 2 mmX 2.5 mm (52 R A B v, 50 A 4R
Pl rb ) A AR 1 mm B AL, L P B A S Y
HAR) R AT A5, A a) B (RIS A 2 1) Y
B )N he S REAR A Ferritron 559H Fk &2k ,
BHEMEZ W SCHR[16], AR L,

R4 A BR G TF 5 R B, 76 42 1B T A 1 4 ik
RN WA 20 2 )2 A% A BE PR IETH 30K i,
T3 FE 2 B A 5 B, S0 o IR A S
e, ARV E T T BT S AR R A A 4
AR o 5 A, SR AR 0 1 2 e ok 55 24 52 Br 1Y
L. AT BRIT TSI i 4 B R T R 43 A
AT K H I, L RE R A R Biot-Savart 2 X3t
B UCSOHE B AEY  A fRT  A HR BE 6% 7E fRIE T
AR BE AT AR R AR OB B T RO . R A A R
2y 5.877 , K 2(b) iR o

(a) JUAT Y 7R R ]

(b) WAL TAA L S RE A IS
K2 ARICEARER

Fig.2 Scheme of finite element model
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Table 1 Factor and level values of RSM

H &
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B I/A  SRAARKEL/mm MFE B A/mm
—1 80 1 1
0 120 3.6 3
1 160 6.2 5
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2.1 i FE 57 M RO Wi R A T 53 4

M4 Box-Behnken J7 2 B39 {7 HL 45 2R fn
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Table 2 Design and simulation results of each factors

=2 I/A  L/mm &/mm T/°C U/%
1 80 1 3 226. 847 94.02
2 120 6.2 5 450. 8 90. 18
3 120 1 5 350 91. 57
4 160 3.6 5 584.6 93.24
5 120 3.6 3 538. 8 96.61
6 160 6.2 3 829.5 90. 84
7 120 1 1 1406.4 81.56
8 120 6.2 1 1359.6 82.27
9 80 3.6 1 851 93.35
10 80 3.6 5 227.6 96. 02
11 80 6.2 3 238.3 94.65
12 160 1 3 806. 1 85.52
13 160 3.6 1 2124.1 80. 71
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T=280.22+ 17.341 + 4.27L — 494.25h —
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0.03Ih — 0.697L* — 1.28h° (5)
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Table 3 ANOVA results of average temperature

S| F-J7 F H B Y5 % FAH PiA

TR 3.95X 10" 5 7.91X10° 200. 84 <20.000 1
I 9. 80 10° 1 9.80X10° 248. 99 <<0.000 1
L 986. 86 1 986. 86 0.250 6 0.626 5
h 2.13x10° 1 2.13x10° 540. 99 <20.000 1
I+h 2.10X10° 1 2.10X10° 53.29 <20.000 1
h? 6.33x10° 1 6.33x10° 160. 69 <20.000 1

¥ 7% 43 312.39 11 3937.49

1) 43 312.39 7 6187.48

afiiR 22 0 4 0
Mt 4.00%10° 16 R?=0.9829 R,,’=0.984 2
x4 BEHSIEMANOVALER
Table 4 ANOVA results of temperature uniformity

i H 05 A ¥y 5 2% FH P

LR 497.462 9 7 71.066 95.951 <20.000 1
I 110.038 6 1 110. 038 148.57 <20.000 1
L 3.5912 1 3.591 4.848 0.0551
h 137.697 1 137.697 185.914 <20.000 1

I-L 4.7306 1 4.73 6.387 0.0323
I-h 24.9001 1 24.9 33.619 0.000 26
L’ 93. 797 1 93.797 126. 641 <20.000 1
h? 110.717 1 1 110. 717 149. 486 <20.000 1

k2% 6.6658 9 0.741

1) 6.6658 5 1.333
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it 504.128 8 16 R*=0.986 8 R,*=0.976 5
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Interaction effect of induction current and heating

gap on average temperature
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Fig.6 Effect of magnetizer on temperature field
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